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WPDC SPECIAL RECOGNITION AWARD FOR DONALD D. BELL 
 

Don Bell was born in Santa Ana, California, on 17th December 1933. He was raised on 
an egg ranch in Central California and attended Turlock High School. Don graduated from 
the University of California, Davis, with a BS degree in Poultry Science in 1955. He 
received an MS degree in Poultry Science from Colorado State University in 1972. Don 
was hired as a UC Poultry Farm Advisor for Orange County in 1958, and transferred to 
Riverside County in 1965. He was promoted to Poultry Specialist in 1983. Don, whose 
career is highlighted by numerous accomplishments and awards, retired in 2000. 

Don completed over 150 applied research projects, and published 11 refereed journal 
articles, 16 abstracts and 57 research reports. In addition, he is author or co-author of 3 
book chapters, 318 trade journal articles, 160 county publications, 70 slide sets, 12 
computer programs and thousands of newsletter articles. His greatest contribution has been 

in the area of extension education, primarily on management and nutrition of egg production pullets and laying hens. 
Don is currently the past-President of the Poultry Science Association (PSA). He was also associate editor of the 
PSA journal and a PSA director. Don has received numerous awards including the PSA Pfizer Extension Award, 
USDA Award for Superior Service, UC Distinguished Service Award, and the Pacific Egg and Poultry Association 
Person of the Year and the Poultry Scientist of the Year awards. 

Don enjoys golfing and fishing, and traveling with his wife, Lucy. They have two children, Sharon and Warren. 
Don plans to continue working part-time for the UC Extension on a few pet projects and to consult with United Egg 
Producers. The WPDC is honored to recognize Don Bell for his contributions to the poultry industry. 
 
 

WPDC SPECIAL RECOGNITION AWARD FOR DR. ARTHUR 
BICKFORD 

 
 Dr. Art Bickford was born and raised on a dairy farm in Conventry, Vermont, in 1936. After 2 years of 
undergraduate studies at the University of Vermont, Dr. Bickford was accepted into the veterinary medicine 
program at the University of Pennsylvania, where he graduated with his VMD in 1960. Dr. Bickford then did a year 
of graduate work at both the University of Vermont and Colorado State University before heading to Purdue 
University. In 1964, he obtained his MS, and in 1966 his PhD, both from Purdue University. 
 Dr. Bickford has held numerous positions as a pathologist within universities and industries. He traveled back-
and-forth across the country before accepting the position in 1975 as an extension veterinarian with the University of 
California, filling the position previously held by Dr. A.S. Rosenwald. In 1979, Dr. Bickford moved back to 
Missouri to become the head of the Department of Veterinary Pathology at the University of Missouri. However, 
after 4 years, Dr. Bickford realized his mistake and returned to sunny (and non-humid and tornado-less) California 
as the Branch Chief of the Turlock lab for the California Animal Health and Food Safety Laboratory System 
(CAHFS), of the School of Veterinary Medicine, University of California, Davis. In 1992, Dr. Bickford became the 
Associate Director for CAHFS, and continues in this position until his retirement in June 2001. 

Dr. Bickford’s contribution to the poultry industry has been tremendous. He is now recognized as one of 
the foremost avian pathologist in the country and as such was awarded the American Association of Avian 
Pathologists’ C.A. Bottorff award in 1995. He served on numerous educational and scientific committees, and 
editorial boards. He is an author on 90 publications in refereed journals, 23 book chapters, and 141 abstracts or 
proceeding articles. In addition, Dr. Bickford is currently past-president of the Western Veterinary Conference, and 
for some reason truly enjoys his annual trips to the meetings in Las Vegas. 

Dr. Bickford and his wife Margaret, have three daughters, Carolyn, Patricia and Andrea, all of whom live 
in the mid-West. They are blessed with three grandchildren, Alexandra, Matthew and Daniel, and look forward to 
getting in their first class RV and traveling across the country to visit them. 
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SPECIAL ACKNOWLEDGMENTS 
 

The Western Poultry Disease Conference (WPDC) is honored to acknowledge the many contributions to the 
Conference.  These contributions provide support for outstanding participants and to help pay for some of the costs 
of the Conference. Approximately 50 organizations, companies and individuals have given substantial financial 
support. Many companies and organizations, including some that also contribute, send speakers at no expense to the 
Conference.  We thank all these people, and acknowledge their support and contribution. 

We are extremely pleased to acknowledge three contributors at the Super Sponsor level. They are the American 
Association of Avian Pathologists, Merial, Inc. and Positive Action Publications. In addition, we would like to 
recognize the American Association of Avian Pathologists, IDEXX Laboratories, Inc., Lohmann Animal Health 
International and Nippon Biologicals, Inc. as Benefactors. Once again, our distinguished Patrons, Donors, 
Sustaining Members, and Friends of the Conference are listed on the following pages.  We greatly appreciate their 
generosity and say thanks to them and their representatives. 

Thanks and appreciations are due to Dr. Ken Takeshita, for taking over as the Program Chair at the last minute, 
especially before he realized what he was getting into! Ken has put together an excellent program, and with 50% 
more titles submitted this year than normally, he had a particularly tough time arranging the program. 

Many have provided special services that contribute to the continued success of this conference. The WPDC 
would like to thank Ms. Nicole Gibson and the Center for Avian Biology for their secretarial support to Dr. “Rosy” 
Rosenwald; Gina Hardwood, Kim Buckner, Yvette Valesquez, Judy Brooks and the University of California, 
Veterinary Medicine Extension/Public Programs for administering the contributions and financial services; Dr. 
Rosenwald for once again garnering the outstanding contributions; and to all others who contributed to the program 
and conference. 

A special thanks goes to Dr. Carol Cardona for local arrangements this year. As you know, the 50th WPDC is 
located on the campus of UC Davis. The last time we met in Davis was in 1988. Many things have changed since 
then and numerous arrangements were necessary to organize the location of the meeting rooms, especially with the 
change to double sessions, and the catering. We are especially grateful to Carol for her untold hours of work for 
WPDC. 

We acknowledge and appreciate Ms. Lina Layiktez and her crew at the University of California, Davis, 
Conference and Event Services, who handle the registration and administrative duties of this conference. 

We thank Dr. David Frame for accepting the position as Proceedings Editor and for editing and producing an 
outstanding Proceedings. We look forward to continued excellence with the WPDC Proceedings and hope Dave is 
now ready for the joint meeting with ANECA next year. A special appreciation is in order for Sherry Nielson, 
Senior Secretary of The Utah State University Turkey Research Center, for her untiring and seemingly endless work 
of proofreading and formatting the Proceedings for publication. We express our gratitude to all authors who 
submitted manuscripts – especially those who followed the instructions and submitted their papers on time!  We 
again acknowledge and thank Ms. Rebecca Dodson and Ominpress, Madison, Wisconsin, for the handling and 
printing of this year’s Proceedings. Once again, we thank Bruce Patrick (Graphic Communications, Brigham Young 
University) for the cover design. 
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 4th WPDC – 1955 E. M. Dickinson W. H. Armstrong 
 5th WPDC – 1956 D. E. Stover E. E. Jones 
 6th WPDC – 1957 D. V. Zander H. E. Adler 
 7th WPDC – 1958 H. E. Adler E. E. Jones 
 8th WPDC – 1959 R. D. Conrad L. G. Raggi 
 9th WPDC – 1960 L. G. Raggi A. S. Rosenwald 
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  14th PHS 
  5th ANECA Angel Mosqueda T. (ANECA) 
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33rd WPDC – 1984 G. B. E. West Gregg J. Cutler 
34th WPDC – 1985 G. J. Cutler Don W. Waldrip  Bryan Mayeda 
35th WPDC – 1986 D. W. Waldrip (WPDC) Duncan A. McMartin(WPDC) J. A. Allen 
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50th WPDC – 2001 P. Wakenell Ken Takeshita  Don Bell 
    Art Bickford 
51st WPDC – 2002 K. Takeshita Barbara Daft 
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Minutes of the 49th WPDC Annual Business Meeting 
 

President McMillan called the meeting to order on Monday, 6 March 2000, at 5:05 PM, at the Capitol Plaza 
Holiday Inn, Sacramento, California. There were approximately 40 people in attendance. 
 

APPROVAL OF 48TH WPDC BUSINESS MEETING MINUTES 
 

The minutes from the 48th WPDC business meeting were reviewed and a motion was carried to approve the 
minutes of the 48th business meeting as printed in the Proceedings of the 49th WPDC. 
 

ANNOUNCEMENTS 
 

President McMillan acknowledged all the contributors; in particular, those contributing at the Benefactor level. 
They included the American Association of Avian Pathologists, Elanco Animal Health, Intervet and Merial-Select, 
Inc. He also thanked all the contributors for their generous donations. President McMillan acknowledged the efforts 
of the current WPDC officers. 
 

REPORT OF THE SECRETARY-TREASURER 
 

Dr. R. Chin presented the Secretary-Treasurer report. There were 322 registrants for the 1999 WPDC. At the 
end of the 1998-99 fiscal year, contributions for the 1999 WPDC were $27,925 and income from the meeting was 
$43,170.66. There were expenses of $47,463.71 for the meeting with a net gain of $23,631.95. The current balance 
in the WPDC account is $47,815.99. It was asked if the money was being invested. The money is currently in an 
agency account at UC Davis and cannot be invested. Dr. Chin estimates a net gain of $3000 for the 1999 meeting. 
 

REPORT OF THE PROCEEDINGS EDITOR 
 

Dr. C. Riddell presented the Proceedings Editor report. In general, the production of the Proceedings went well 
with all papers being submitted by E-mail. There were 69 papers in the Proceedings, 53 oral presentations and 16 
poster presentations. There are still problems with authors not following the directions. There is a possibility that the 
instructions can be shortened, so hopefully authors will read it. Dr. Riddell stated that he is not sure if he will be 
available to serve as Proceedings Editor next year due to his retirement. He will let the Conference know this spring. 
 

REPORT OF THE LOCAL ARRANGEMENTS COORDINATOR 
 

Dr. L. Woods reported that on the initial contract from Holiday Inn two years ago there were new charges of 
approximately $10,000 for meeting room rental. After negotiating with the Holiday Inn, we were able to receive 
complimentary room rental with $1600/day of food at breaks and an additional $5/guest room credit. Dr. Woods 
reported that we were having problems with the UCD Audio-Visual group. Finally, Dr. Woods noted that due to 
other obligations she has resigned as the Local Arrangements Coordinator and reported that Dr. Carol Cardona has 
agreed to accept the position. President McMillan thanked Dr. Woods for all her work and effort as Local 
Arrangements Coordinator. 
 

OLD BUSINESS 
 

Dr. R. Chin reported that since the WPDC was financially stable, he contacted members of the Executive 
Committee and received approval to reimburse Dr. Rosenwald for expenses accrued at the WPDC/ANECA meeting 
in Cancun. Dr. Rosenwald asked that he be reimbursed $4500 this year with the remaining $4272 reimbursed in 
2001. A motion was carried to approve reimbursement to Dr. Rosenwald. 
 

NEW BUSINESS 
 

President McMillan reported that the WPDC Executive Committee would like to nominate Dr. Joan Jeffrey for 
Program Chair-elect of the 51st WPDC in 2002. There were no other nominations from the floor and nominations 
were closed. A vote was conducted and Dr. Jeffrey was unanimously elected as the Program Chair-elect for the 51ts 
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WPDC. President McMillan reported that the WPDC Executive Committee would like to nominate Dr. Carol 
Cardona as Local Arrangements Chair. There were no other nominations from the floor, nominations were closed, a 
vote was conducted and Dr. Cardona was unanimously elected as Local Arrangements Chair. Finally, President 
McMillan reported that the WPDC Executive Committee would like to nominate Dr. Ken Takeshita as 
Contributions Chair-elect. There were no other nominations from the floor, nominations were closed, a vote was 
conducted and Dr. Takeshita was unanimously elected as Contributions Chair-elect. President McMillan nominated 
the following officers for 2000-2001: 

Program Chair: Dr. Duane Olsen 
President: Dr. Pat Wakenell 
Local Arrangement Coordinator: Dr. Carol Cardona 
Contributions Chair: Dr. A.S. Rosenwald 
Contributions Chair-elect: Dr. Ken Takeshita 
Proceedings Editor: Dr. Craig Riddell 
Secretary-Treasurer: Dr. Rich Chin 
Program Chair-elect: Dr. Joan Jeffrey 

Nominations for all offices were closed and all nominees were approved unanimously. 
The 50th WPDC, in the year 2001, will be at the University of California, Davis, California, 24-27 March 2000. 

Dr. Chin suggested that we produce a CD-ROM that contains the Proceedings from all previous meetings that will 
be presented to all registrants. One estimate came to about $45,000 for production of 800 CD’s. A lengthy 
discussion followed regarding the cost. A motion was carried to produce the CD if financial support can be raised 
for half of the cost and that Dr. Chin investigate other vendors. 

The 51st WPDC, in 2002, was discussed. Dr. Ernesto Soto, on behalf of ANECA, invited the WPDC to join 
ANECA in Mexico in 2002. There was a lengthy discussion regarding this invitation because of the serious financial 
problems that occurred with the last joint meeting in 1996. A motion was carried to have a joint meeting with 
ANECA if communication can be established that will assure financial responsibility from both organizations. 

It was asked if the Executive Committee meeting on Sunday morning was an opened or closed meeting. It was 
agreed that all meetings are open to everyone. 

President McMillan passed the presidency to Dr. Pat Wakenell. President Wakenell thanked outgoing President 
McMillan for his service to WPDC and adjourned the meeting at 6:20 PM. 
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Introduction to Avian Influenza.  Type A 

influenza viruses are segmented, negative-sense RNA, 
enveloped viruses that can infect a wide variety of 
birds and mammals.  However, the normal host range 
of the virus is considered to be in wild waterfowl, 
gulls, and shorebirds (11,18).  Wild birds were first 
implicated in the ecology of influenza in 1972 with the 
first isolation from free living wild ducks (18).  Since 
that first report, numerous surveillance studies of wild 
birds have shown that all 15 hemagglutinin and 9 
neuraminidase subtypes of influenza can be found in 
wild birds (17, 19, 20, 24).  However, the different HA 
and NA subtypes are not distributed equally within the 
sampled populations, and some important subtypes, 
including H5 and H7 subtypes, are rarely seen in wild 
birds.  However, influenza virus from migratory 
waterfowl are still considered to be the primary source 
of infection for poultry (9).  A review of the United 
States Animal Health Reports shows that H5 and H7 
are regularly isolated from poultry in the United States 
(Table 1) (USAHA reports, various years).  

Poultry, primarily chickens and turkeys, and 
mammalian species represent an abnormal host for 
influenza infection.  This idea is supported by several 
different lines of evidence in poultry.  First, little 
evidence of influenza infection in wild turkeys has 
been detected in three separate serologic studies (5, 6, 
10).  This would suggest that in the wild, turkeys do 
not play a role in propagating influenza viruses and are 
not a natural host species.  Similar studies have not 
been performed with the ancestor to the domestic 
chicken, red jungle fowl, but it is likely that as another 
Gallinaceous bird, chickens would not play an 
important role in the ecology of influenza.   For 
mammalian species, influenza viruses can infect on a 
regular basis a number of different species, but only 
rarely does it become endemic.  Furthermore, different 
endemic influenza viruses often become extinct in the 
new host species.  For example, the H2N2 subtype is 
no longer observed in humans, and in horses the H7N7 
subtype is no longer isolated.  In both cases the 
endemic viruses appeared to be supplanted by another, 
presumably more fit, influenza subtype.  Some of the 
most convincing evidence that influenza does not 
normally infect these species of animals is the rapid 
rate of evolution of influenza observed in mammals 
and chickens and turkeys (8,15,21,22,23), which 

contrasts with the slow rate of evolution observed in 
influenza viruses from wild birds (21, 27).  

Low pathogenic avian influenza outbreaks occur 
every year in the United States.  During the 1980’s and 
early 90’s, infection of turkey flocks with many 
different subtypes of influenza were common, 
particularly in Minnesota where turkeys were often 
raised outdoors.  The number of new infections of 
turkeys, however, have been decreasing, primarily 
because turkeys are now more commonly reared in 
confinement.  The largest continuing threat to the U.S. 
poultry is the continued presence of low pathogenic 
H7N2 influenza viruses in the live bird markets in the 
Northeast U.S. and H5N2 influenza viruses in Mexico.  
The continued circulation of H5 and H7 influenza 
viruses in poultry provides the ideal conditions for the 
mutation of these low pathogenic avian influenza 
(LPAI) isolates to highly pathogenic avian influenza 
(HPAI) viruses which would result in high disease 
losses and loss of export markets.  

H7 Influenza in the Live Bird Markets in the 
Northeastern United States.  Since 1994, H7 avian 
influenza viruses (AIVs) have been isolated from 
different poultry species in the live bird markets 
(LBMs) of the Northeast United States.  The presence 
of AIVs among birds in these markets is of 
considerable concern because of the potential for H7 
LPAI viruses mutating into HPAI viruses.  In 1997 and 
1998, low pathogenic H7 influenza viruses spread from 
the live bird markets to several large commercial 
poultry operations in Pennsylvania causing serious 
economic losses(7), and the virus in the LBMs remains 
a threat to spread back into the large commercial 
poultry operations.  As part of an ongoing surveillance 
of influenza viruses in the LBMs, selected H7 viruses 
have been sequenced for one or more influenza viral 
genes including the hemagglutinin, neuraminidase, 
nonstructural and matrix genes.    

The hemagglutinin gene was compared from 
representative AIV isolates and most of the viruses 
were determined to be in the same lineage of virus, 
suggesting a single introduction of virus was 
responsible for a majority of infections (Figure 1).  
Two exceptions were observed.  In 1998 a single H7N2 
virus isolate was sequenced that was distinctly different 
from the principal lineage and this virus had an 
additional basic amino acid at the HA cleavage site at 
the –5 position.  In 1999 several H7N3 viruses were 
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isolated, and sequence analysis showed a HA cleavage 
site similar to what is observed in wild birds. 

Additional sequencing of the neuraminidase, 
nonstructural and matrix genes was also completed for 
selected H7 viruses.  The majority of the H7 isolates 
from the LBMs were H7N2 viruses, but H7N3 viruses 
were isolated in 1994 and 1999.  The hemagglutinin 
gene from the 1994 H7N3 viruses appeared to be 
similar to other viruses from the main lineage of virus 
and it was assumed that the N3 gene was the result of a 
reassortment event.  All the N2 viral genes examined 
appeared to form a single lineage, and were likely the 
result of a single introduction of this viral gene.  Four 
distinct nonstructural genes and three distinct matrix 
genes were observed from viruses that had H7 genes 
from the same lineage, demonstrating that reassortment 
with these two genes was common (22). 

The H7 gene sequence was directly compared and 
analyzed by regression analysis to determine how 
rapidly the viruses were adapting and evolving among 
birds in the LBM system.  The earliest isolate available 
was used as the index case to compare subsequent 
isolates for sequence changes.  Evidence of rapid 
evolution was observed in the hemagglutinin gene with 
isolates accumulating nucleotide and amino acid 
substitutions.  The rate of evolution was similar to what 
has been observed in influenza viruses in mammalian 
species.  Two different changes were observed near the 
hemagglutinin cleavage site including a threonine to 
proline change at the –2 position and an asparagine to 
lysine change at the –5 position.  Isolates with these 
changes became the predominant isolates in the LBMs.  
The additional basic amino acid at the –5 position 
causes greater concern about the possibility of the 
viruses becoming highly pathogenic, since multiple 
basic amino acids are required for a virus to be highly 
pathogenic.  An additional unique change that has not 
been observed with other influenza viruses was a loss 
of eight amino acids in the HA1 portion of the protein 
that is believed to be near the receptor binding domain.  
Again, viruses with the deletion, first observed in 1995, 
became the predominant isolate observed in the LBMs. 

The H7 influenza viruses are being maintained in 
the LBMs primarily as a single lineage, and not by new 
introductions of virus. It is unclear exactly what part of 
the LBM system that the viruses are persisting.  It 
appears unlikely that the viruses are being perpetuated 
on individual poultry farms, since surveillance studies 
of poultry farms have found few birds positive for H7 
infection.  The viruses are likely being maintained in 
the distribution system or in the LBMs themselves, but 
no data is available to determine for sure where the 
viruses are being maintained.  The sequence data also 
demonstrates that both viral reassortment and 
adaptation of the viruses to poultry are occurring.  This 
rapid change of the virus makes it difficult to predict if 

and when these viruses could become highly 
pathogenic.  

Efforts are increasing to eradicate the virus out of 
the live bird markets, and in March 1999 the Live Bird 
Market Working Group (LBMWG) was formed to help 
address the problem.  The group was formed of state 
and federal regulatory officials, industry 
representatives, and other interested parties to 
coordinate efforts to eradicate influenza from the 
markets.  The LBMWG has produced a Best Control 
Practices guideline to help standardize procedures 
related to the markets.  It has also recommended that 
the best way to eradicate the virus in the LBMs is to 
have a three day “chicken holiday” where all live bird 
markets are depopulated, cleaned and disinfected at the 
same time.  The chicken holiday will be funded as an 
emergency program by the Animal and Plant Health 
Inspection Service (APHIS).  The proposed “chicken 
holiday” is planned in late spring or summer of 2001. 

H5N2 viruses in the U.S., Mexico and 
Guatemala.  The last widespread outbreak of H5N2 
influenza virus in the U.S. was in 1993, primarily in the 
live bird market system.  Additional isolates were 
observed in 1995, 1998 and 2000.  However, three 
different isolates from Minnesota, New Jersey and 
New York were similar based on sequence analysis, 
and they are likely from a common source.  No new 
isolations of H5N2 viruses were made in 1999, so this 
lineage was believed to have become extinct, but recent 
isolates from ducks in New York suggests it has been 
maintained at a low level.   The cleavage site sequence 
for all these viruses are the same as the consensus for 
low pathogenic wild bird viruses, and there is no 
evidence that these viruses have a high potential for 
becoming highly pathogenic based on the 14 day 
embryonated chicken egg model. 

The Mexican H5N2 outbreak that started in 1993 
continues to circulate as LPAI in commercial and 
backyard poultry.  The HPAI virus that occurred in 
1994-95 was eradicated, and continued control efforts 
of surveillance, vaccination, and depopulation continue 
to try and completely eliminate influenza from poultry 
in Mexico.  Sequence analysis of the hemagglutinin 
gene from isolates from 1993-1998 shows that all the 
isolates examined are in the same lineage of virus, 
although variants within the lineage are emerging.     

In early 2000, as part of a surveillance program in 
Guatemala for different avian pathogens, serologic 
evidence of infection with avian influenza was found in 
both backyard and commercial poultry. A low 
pathogenic H5N2 avian influenza virus was isolated 
from commercial chickens in May of 2000.  The 
hemagglutinin gene from five isolates were sequenced 
and compared to the HA database, and the viruses were 
highly similar to Mexican H5N2 viruses.  The closest 
homology was from H5N2 viruses from the state of 
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Chiapas, which shares a border with Guatemala.  This 
provides strong evidence that the Guatemala outbreak 
was an extension of the Mexican outbreak, although it 
is not known when this introduction first occurred.  

Miscellaneous U.S. Outbreaks. In December 
1999 a turkey breeder flock in Missouri developed a 
rapid drop in egg production.  An H1N2 influenza 
virus was isolated and sequence analysis showed that 
the virus was a complex reassortant virus that had 
swine, human, and avian genes.  A similar H1N2 virus 
had also recently been reported from swine in Indiana.  
Serologic evidence of other turkey flocks being 
infected with an H1N2 virus were also reported from 
Missouri, Illinois, and Ohio.  It has been reported since 
the early 80’s that classic swine H1N1 viruses could 
infect turkey flocks and cause egg production drops 
and respiratory infections, but this is the first case of a 
reassortant virus with swine genes infecting turkeys.  
Complex reassortant H3N2 influenza viruses have also 
recently been isolated from swine which could 
potentially cause infect turkeys, but the use of H1N1 
vaccines will be ineffective in protecting these flocks. 

In February 2000 a chicken layer flock in Southern 
California developed respiratory symptoms and a drop 
in egg production.  A H6N2 was isolated and serologic 
evidence of H6N2 infections of other flocks was 
observed.  Because of the size of the layer flock, 
vaccination of the flock was approved to try and 
control the outbreak.  As of December, 2000 at least 
300,000 doses of vaccine have been administered and 
no evidence of new infections have occurred in the last 
several months.  

Hong Kong H5N1 and H9N2.  In 1997 a H5N1 
avian influenza virus infected at least 18 people in 
Hong Kong and resulted in six deaths.  This virus was 
highly pathogenic for poultry and also caused severe 
disease in chicken flocks in Hong Kong.  The virus 
appeared to spread directly from infected chickens to 
humans at the live bird markets that are common in 
Hong Kong.  Fortunately, this virus spread poorly with 
little evidence of person to person transmission.  The 
exact origins of this virus will probably never be 
known, however, by examining other viruses from 
Hong Kong and China, viruses with closely related 
gene segments have been found.  A closely related H5 
hemagglutinin gene was observed in Mainland China 
in 1996 in an outbreak of influenza in Geese, although 
the other seven genes were not closely related to the 
1997 virus (28).  A H6N1 virus also isolated in 1997 
had a neuraminidase gene closely associated with the 
Hong Kong 97 virus, and it also had high homology 
with the six internal genes.  A similar observation with 
high homology of the internal gene was also made with 
H9N2 viruses circulating in Hong Kong in 1997.  It is 
likely that a reassortment occurred with two or more of 
these viruses that resulted in a HPAI virus with the 

ability to cross species.  The H5N1 virus was 
eradicated from Hong Kong by total poultry 
depopulation.  Since that time the Hong Kong 
Department of Agriculture and Fisheries has screened 
all live birds coming into Hong Kong, with Mainland 
China being the primary source.  The birds are from 
monitored flocks and representative serologic samples 
are taken when they enter the province.  In March of 
1999 serologic evidence of an H5 infection in geese 
was detected, and although the birds had been 
marketed before the test results were complete, virus 
was isolated from the cages the birds had been in.  This 
H5N1 virus was very similar to the Chinese goose 
isolate of 1996, where it had an H5 gene similar to the 
Hong Kong 97 virus, but the other seven genes were 
different.  This virus was highly pathogenic in 
chickens, but it did not kill mice like the Hong Kong 
97 viruses did.  So although this virus did not directly 
appear to pose a human health risk, one of the 
precursor viruses from Hong Kong 97 virus still was 
circulating in Mainland China (4). 

The H9N2 viruses that were first isolated in the 
mid 90’s from China has spread widely in the countries 
of Asia and the Middle East.  These viruses, although 
low pathogenic in standard pathotyping, have been 
associated with high mortality in some countries, 
although the mortality is probably the result of 
secondary pathogens.  H9N2 viruses have also been 
associated with infections in humans and swine, 
although it has not been associated with severe disease 
(14).   The H9N2 viruses remain a concern as both a 
poultry pathogen and as a potential human health 
threat.   

Introduction to Newcastle Disease.  On a global 
scale, virulent Newcastle disease (ND) outbreaks occur 
more frequently than outbreaks of HPAI. Those 
outbreaks of ND from infections with virulent ND 
viruses are officially called exotic ND in the U.S., but 
may also be referred to as velogenic ND (VND), 
viscerotropic velogenic ND, neurotropic velogenic ND, 
or simply ND in different countries. The clinical 
disease that is a consequence of infections with low 
virulence vaccine-like ND viruses is not a reportable 
disease and is not included here. In addition to the 
potentially devastating bird losses from a ND outbreak, 
a major negative impact of ND is on developed 
countries that rely on international exports of poultry 
and poultry products for healthy agricultural industries.  
Outbreaks of ND have occurred around the world 
during 1999 and 2000 including the continents of 
Africa, North America, South America, Asia, Europe 
and Australia (2). Below are the highlights of outbreaks 
in Australia, Brazil, Honduras, and Mexico. 
Information on the ND outbreak in Italy is provided 
separately in these proceedings. Other ND issues, 
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including the new OIE definition of ND, are reported 
after the summary of recent important outbreaks. 

Australia.  Velogenic ND outbreaks have 
occurred in several locations in the state of New South 
Wales in Australia between 1998 and 2000(13). Based 
on sequence data, the virulent ND viruses from all 
outbreaks are related and arose by mutation of an 
endemic low virulent ND virus and not the introduction 
of an exotic VND virus.  This is a unique event in the 
history of ND because there may be only one other 
case of a low virulence virus mutating to a strain of 
high virulence. Low virulence strains have been 
indigenous in Australia since 1966. There had been no 
virulent ND outbreaks in Australia since 1932. 
However, the ND viruses underwent a series of 
accumulative mutations over time in the fusion (F) 
gene that changed the amino acid sequence in the 
fusion protein cleavage site and the virulence from low 
-RKQGRL- to high -RRQRRF-(16). Factors that 
precipitated the change in the virus at this time are 
unknown. The virulent ND virus was identified as 
Australian-origin rather than exotic to Australia based 
on an amino acid extension on the hemagglutinin-
neuraminidase protein, a characteristic of Australian 
ND viruses. There was no evidence of wild bird 
involvement in the origin of the virulent ND virus. 
Extensive surveillance is ongoing to attempt to identify 
virus reservoirs. Some details of the Australian 
outbreaks follow.  

The first outbreak occurred in September 1998 in a 
cluster of farms east of Sydney in New South Wales. 
The first case was in a multiage layer flock but later 
affected several broiler farms.  The infection produced 
mostly neurological signs with mortality in some 
groups reaching 50%.  In the layers, the disease spread 
slowly, had accompanying nervous signs, resulted in 
low mortality, and was initially misdiagnosed as 
Marek’s disease. In broilers, the spread was more rapid 
and accompanied by higher mortality. The farms were 
depopulated of approximately 100,000 birds and 
disinfected.  No ND virus was found on follow-up 
surveillance.  

The second outbreak began in a pullet rearing farm 
in the Mangrove Mountain area, near Gosford in New 
South Wales, north of Sydney on 2 April 1999. ND 
spread to other farms in the vicinity.  By 28 May 1999, 
1,900,000 birds were depopulated within the Infected 
Zone, most were broilers but 2000 were aviary and 
other poultry on small non-commercial farms.  An 
additional 2,000,000 broilers on farms in the 
surrounding Surveillance Zone were destocked under a 
special processing permit by 9 June 1999.  Disinfection 
of all farms in the Infected and Surveillance zones was 
conducted twice, 14 days apart, before restocking.  

The third outbreak was in layers on a farm in 
Schofield, West Sydney on 21 August 1999.  A small 

number of birds had ataxia and other nervous signs.  A 
mandatory vaccination program was implemented with 
Australian-origin V4 lentogenic vaccine strain in the 
Mangrove Mountain area of the second outbreak 
during December 1999 in response to isolation of low 
virulent ND viruses in flocks in the Surveillance zone.  
In December, ND viruses with a F protein cleavage site 
of a virulent ND virus were isolated in the Surveillance 
zone of Mangrove Mountain.  The surveillance zone 
was extended to West Sydney, Cumberland 
Surveillance Zone. In January 2000, Virulent ND was 
identified in the new surveillance zone in West Sydney 
at farms in multiage layer farms at Orchard Hills and 
Llandillo.  Virulent ND was also identified in three 
layer flocks near Tamworth in February.  In these latter 
outbreaks, clinical signs was less frequent than in 1998 
and 1999, and virus isolation more difficult.  
Quarantine zones were instituted. 

Brazil.  There were 3 outbreaks in poultry in June 
2000 with 1400 deaths and 75,100 birds destroyed in 
chickens supplying the local market in the State of Rio 
de Janeiro. The poultry were reared on farms 
unconnected to commercial poultry production system.  
This is a similar situation the commercial poultry 
industry in the northeast U.S. faces in relation to LPAI 
(H7N2) in live-bird markets but not in commercial 
poultry.   

Honduras.  Six outbreaks were reported 
beginning in March 2000 in the departments of 
Francisco Morazan and Cortes involving 1,500 deaths 
and slaughter of 411,400 exposed and at risk birds.  
The NDV was confirmed by NVSL as a viscerotropic 
velogenic ND (VVND).  NDV vaccination program 
was initiated in backyard flocks close to the outbreak 
using 43,000 doses of vaccine. Subsequently there 
were three additional outbreaks in July 2000 involving 
approximately 100,000 layers and backyard birds. 
Outbreaks were believed to be secondary with spread 
from the initially infected farms in the same area by 
movement of contaminated equipment. 

Mexico.  An outbreak of exotic ND began in the 
Comaraca Lagunera region within the states of 
Durango and Coahuila of Mexico on March 30, 2000.  
By July 2000, 13,087,787 chickens from 92 broiler 
flocks were infected with VVND virus.  The flocks 
were depopulated under government supervision and 
buried on the farms.  The farms were cleaned and 
disinfected.  Replacement flocks have been placed and 
include some non-vaccinated sentinels.  No indemnity 
was paid.  The industry absorbed all monetary losses. 

The affected flocks were under a lentogenic ND 
vaccination program similar to the one used in the U.S. 
broiler industry. Before the outbreak, 1/4 dose of ND 
virus (B1)-infectious bronchitis was given by spray in 
the hatchery and a boost at 10-14 days in the field by 
water or spray administration. The ND vaccination 
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program after the outbreak includes a live virus 
vaccination and injected, inactivated ND vaccine in the 
hatchery. Reportedly flocks not affected in the initial 
outbreak had been vaccinated in the hatchery with both 
live and inactivated virus vaccines. 

A second issue was infection of backyard or 
village-type poultry in the vicinity of the commercial 
poultry with VVND virus.  Forty VVND isolates were 
made from such poultry in 16 towns located in the 
affected area.  Vaccination was instituted for backyard 
and village-type poultry.  It is unknown whether 
VVND appeared first in village or commercial poultry.  
The role of fighting cocks and pet birds in the outbreak 
cannot be eliminated. 

Other ND Issues – Definition of ND.  The 
definition of the forms of ND requiring regulatory 
action differ in the U.S. and the European Union (EU) 
and an OIE redefinition more like the EU version has 
been approved. In the U.S. exotic ND is any velogenic 
Newcastle disease described as an acute, rapidly 
spreading, and usually fatal viral disease of birds and 
poultry. In the EU ND means an infection of poultry 
caused by a strain of avian paramyxovirus-1 (APMV-
1), i.e. Newcastle disease virus (NDV), with an 
intracerebral pathogenicity index (ICPI) in day-old 
chicks of 0.7 or greater. The OIE definition was similar 
to the U.S. definition until a new OIE definition of ND 
was approved in 1999 (1). The conclusion of the OIE 
Commission was that viruses with an ICPI of 0.7 or 
greater are pathogenic or have the potential to become 
pathogenic. The new OIE definition is now similar to 
the current EU definition based on the ICPI to define 
virulence with the addition of an alternative molecular 
criterion that viruses with multiple basic amino acids at 
the cleavage site of the fusion protein are also a cause 
of ND. Vaccine-like lentogenic NDV are excluded as a 
cause of ND in all definitions. The EU definition and 
the proposed OIE definition both go beyond the U.S. 
definition by establishing regulatory action for virus 
strains presently classified as mesogens and would 
thereby include pigeon NDV isolates. Although 
mesogenic strains haven’t been recovered from U.S. 
chickens and turkeys since the 1970s, the periodic 
isolation of ND viruses from pigeon lofts in poultry 
production areas does occur. The new OIE definition of 
ND poses some potential concerns for U.S. poultry 
industries because following the OIE guidelines would 
increase the number of reports of ND. However, it is 
understood that implementation of the new OIE 
definition requires the revision of the ND chapter of the 
International Animal Health Code and that revision is 
in process as stated in the following paragraph. 

The ND chapter in the International Animal 
Health Code is currently being reviewed. The 
committee may submit revisions for adoption at the 
69th general session of OIE in May 2001. Since there 

were several versions of the definition of ND before 
the current version was adopted, it is not known if 
revising the Code will also require multiple revisions. 
A portion of the currently proposed wording that 
addresses the situation of pigeon NDV isolates is 
summarised here. That wording places birds into one of 
three compartments: 1) domestic birds - commercial 
poultry: all birds raised or held in captivity for the 
purposes of meat or table egg production or for 
restocking supplies of game, or other commercial 
products including the breeding stock for the 
aforementioned birds; 2) domestic birds - other than 
commercial poultry: birds kept in captivity, including 
racing pigeons and captive feral and wild birds; and 3) 
free-living birds: feral and wild birds that live without 
supervision, control by or dependence on humans.  The 
diagnosis of ND in commercial poultry would affect 
international trade whereas a diagnosis of ND in 
domestic birds other than commercial poultry or in 
free-living birds would not. Although the proposed 
definition essentially resolves the issue of ND isolates 
from racing pigeons, it does not resolve the issue of 
back yard birds.  

Other ND Issues – ND Vaccination.  The recent 
(March 2000) ND outbreak in Mexico has raised a 
concern about the level of protection to ND in U.S. 
broiler flocks. This concern followed the observation 
that the majority of flocks affected by the ND outbreak 
in Mexico had been vaccinated with live Newcastle-
infectious bronchitis vaccines applied as a fraction of 
the vaccine label field dose typical of programs used in 
the U.S. broiler industry. In contrast, flocks vaccinated 
with full dose live virus as well as inactivated vaccines 
were not similarly affected (USDA, APHIS). 

It is known that an efficacious dose of 
commercially available ND vaccines in a responsive 
host will induce protection against the morbidity and 
mortality of a velogenic NDV infection. Protection of 
vaccinated birds against infection is usually less 
effective and is usually seen as a reduction in the 
amount of virus shed by an infected bird, a reduction 
that will diminish but not eliminate virus transmission 
to other susceptible birds (3). It was learned during the 
ND outbreak in California in 1971-1973 that 
vaccination reduced losses but it didn’t prevent flocks 
from becoming infected and shedding virus (25). 
Results from a serological survey of broilers (12) and 
from a challenge study of field vaccinated broilers (26) 
are evidence that a level of immunity necessary for 
protection against ND mortality was not being attained 
in most of those flocks when the samples were 
collected. It is anticipated, although not specifically 
known, that the current level of protection of field 
vaccinated birds has not changed since those earlier 
studies. However, there are arguments against 
increasing the ND vaccination program. For flocks not 
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exposed to endemic velogenic NDV, the intensity of 
the vaccination program necessary to attain and 
maintain protection against VND may reduce flock 
productivity because of increased post-vaccinal 
reactions, airsacculitis, and/or reduced feed conversion 
as well as increasing the cost of vaccination. Further 
during the ND outbreak in California vaccination was 
shown to mask clinical disease and decrease lesions 
therefore making ND diagnosis more difficult (25). 
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Table 1.  Isolation of H5 and H7 influenza in poultry in the United States since 1990 
1991 Colorado H7N3NSA Turkeys 
1992 Minnesota H5N2 Turkeys 
1993 Texas H5N2NSA Emus, Rheas 
1993 Pennsylvania, New York, New Jersey, 

Florida, Texas 
H5N2NSB Chickens, Pheasants, Rheas, 

Guinea Fowl, Ducks, Emus 
1993 Maryland H5N2NSA Pheasants 
1993 North Carolina H7N1NSA Rheas 
1994 Arkansas H7N3NSA Quail 
1994-2000 Live Bird Markets NJ, NY, PA, RI H7 N2-3 

NSA-B 
Chickens, Turkeys, Guinea Fowl, 
Quail, Pheasants 

1995 Minnesota H5N2NSA Turkeys 
1995 Texas H7N2 Emus 
1995 Utah H7N3NSA Turkeys 
1998 New Jersey, New York, Minnesota H5N2NSB Pheasants, Env., Chukkars 
1999 Delaware, New York H7N2 Chickens, Quail 
2000 New Jersey, New York H5N2 Chickens, Turkeys 
 
Figure 2.   Phylogenetic tree of hemagglutinin gene from U.S. H7 avian influenza viruses 
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Seal/Massachusetts/1/80

TK/CO/13356/91
TK/UT/24721-10/95

CK/NJ/15086-3/94
TK/NY/4450-5/94

CK/RI/4328-1/95
CK/NY/13833-7/95
CK/NY/3112-1/95

CK/NY/8030-2/97
Quail/NY/13989/98

CK/NY/3202-7/96
CK/PA/7777/97

CK/PA/13552-1/98
CK/NY/1387-8/98

Goose/NJ/8600-3/98
CK/NJ/17206/99
CK/NY/17398-6/99

CK/NY/15827/99
CK/NY/30749-3/00

CK/NY/3572/98
Quail/PA/20304/98

CK/NY/14714-2/99 N3
CK/NY/14714-9/99 N3

Rhea/North Carolina/39482/93
5 changes  
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INTRODUCTION 
 

Avian Influenza (AI) and Newcastle disease (ND) 
are two viral diseases of poultry included in OIE List 
A. In the European Union their control is imposed by 
EU Directives 92/40/EEC and 92/66/EEC, respectively 
(5, 6). These two diseases may have devastating effects 
on the poultry industry particularly following the high 
mortality rates they determine in susceptible birds, but  

 
also their presence in a given territory results in 
restrictions on animal movements, marketing and trade 
of poultry and poultry products. 

North-eastern Italy has been affected by a 
devastating epidemic of highly pathogenic avian 
influenza (HPAI), caused by a type A influenza virus 
of the H7N1 subtype that originated from the mutation 
of a low pathogenicity avian influenza (LPAI) virus of 
the same subtype (2). The LPAI epidemic and the 
subsequent HPAI epidemic occurred in the Veneto and 
Lombardia regions, which raise 65% of Italy’s 
industrially reared poultry. Furthermore, some areas 
affected by the epidemics (particularly south of Verona 
province), are densely populated livestock areas 
(DPLA), which count (in some municipalities of 
Verona province) 70,000 birds raised per square 
kilometer.  

The HPAI epidemic caused directly or indirectly 
the death or culling of over 14 million birds that 
inevitably determined the disruption of the marketing 
system and great economic losses to the poultry 
industry and to the social community. The dramatic 
economic and social problems determined by the 
epidemic indirectly led to the introduction of 
Newcastle disease that, for obvious reasons, led to 
additional losses and trade restrictions. 
Following depopulation and restocking of the HPAI 
infected areas, LPAI re-emerged, thus determining the 
poultry industry to request and obtain vaccination 
against avian influenza of the H7 subtype. The events, 
which connect the four epidemics mentioned above, 
are, in our opinion, linked together, and are reported 
below. 

 
 
 

Low pathogenicity avian influenza epidemic. On 
the 29th of March 1999 the first isolation of a type A, 
H7 avian influenza virus was officially notified. The 
virus was further characterized, in accordance to EU 
Directive 92/40/EEC (5) as a LPAI virus, by the EU 
Reference Laboratory for Avian Influenza and 
Newcastle Disease, Weybridge UK, as a type A avian 
influenza virus of the H7N1 subtype. The intravenous 
pathogenicity index (IVPI) of the isolate, in 6 week-old 
SPF chickens was of 0.0, and the deduced amino acid 
sequence of the genome segment which encodes for the 
cleavage site of the precursor of the hemagglutinin 
molecule was typical of LPAI viruses since it did not 
contain multiple basic amino acids (8, 9).  

Following the first official notification a 
significant number of outbreaks were diagnosed and 
notified for a total of 199 infected flocks. The highest 
number of outbreaks affected meat turkeys (164), and 
only a limited number of turkey breeder flocks were 
affected (6). Infection also affected chickens (12 
outbreaks in layers, 11 in broiler breeders and four in 
broilers) and two guinea fowl flocks. From the 
epidemiological inquiry it appeared that at the moment 
of the first submission approximately 60-70 turkey 
farms had already been infected. Infection was 
particularly severe in the turkey industry, causing 
severe losses to farmers (4). 

Nevertheless, this virus could not be defined as 
“avian influenza” since it did not have the 
characteristics listed in EU Directive 92/40/EEC; 
therefore, no compulsory stamping out policy could be 
implemented, and it was not possible at the time to 
stamp out such a consistent number of flocks on a 
voluntary basis. Moreover, since LPAI is not 
considered in Italian veterinary legislation, there were 
no legislative tools to prevent its spread. However, the 
regional authorities of the two affected regions 
implemented restriction orders with the aim of 
reducing the number of new outbreaks. The main 
strategies of these orders were to avoid movement of 
viremic birds, and to avoid movement of dead birds 
and infected litter, which were identified as being 
among the primary sources of infection. These policies, 
aided by the oncoming warm season, determined a 
decrease in the number of outbreaks during the summer 
that inevitably increased from the month of September. 
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Highly pathogenic avian influenza epidemic. On 
the 13th of December 1999 a private practitioner 
submitted pathological samples from a meat turkey 
flock exhibiting high mortality rates. The outbreak was 
confirmed as HPAI on the 17th of December with the 
characterization of an H7N1 isolate with an IVPI index 
of 3.0 and a deduced amino acid sequence containing 
multiple basic amino acids, typical of highly 
pathogenic viruses (3). 

Due to the complex field situation (isolation of an 
H7 virus was not unusual at the time) it was not 
possible to suspect immediately the presence of HPAI 
virus when it first appeared and to promptly implement 
eradication measures, thus resulting in spread of 
infection. Furthermore, the holiday season was 
approaching and high slaughter levels resulted in a 
further spread of the virus with complete loss of control 
of infection. Four hundred thirteen outbreaks were 
diagnosed involving 177 meat turkey flocks, 121 table-
egg layer flocks, 39 broiler flocks, 29 broiler breeder 
flocks, 25 backyard flocks, nine guinea fowl flocks, six 
turkey breeder flocks, three ostrich farms, two pheasant 
flocks, one Pekin duck flock and one quail flock; and 
death of over 14,000,000 birds. The last outbreak was 
notified on April 5, 2000. 

As a result of mass mortality, (stamping out policy 
and pre-emptive slaughter), several establishments 
such as hatcheries, feed mills, abattoirs, processing 
plants and other connected activities were forced to 
interrupt their activity, causing unemployment and 
heavy economic losses to the poultry industry and to 
the social community due to disruption of the 
marketing system. Further economic losses were also 
determined by the export bans imposed on the infected 
regions and by the depopulation of the infected area. 

Eradication of HPAI. Following the 
implementation of directive 92/40/EEC (5) infected 
flocks were stamped out, and cleaning and disinfection 
of infected premises was carried out. To improve 
eradication procedures, a complete depopulation of the 
infected area was imposed. An area of 5500 square 
kilometers was depopulated, including intensive, semi-
intensive and backyard flocks that remained empty for 
a minimum period of 60 days. Restocking began on 
June 15, 2000. 

Newcastle disease epidemic. Due to mass 
mortality caused by the HPAI epidemic and to the 
consequent unavailability of chicks on the Italian 
market, day-old chicks and hatching eggs were 
imported from several European and non-European 
countries. These imported batches originated from 
different countries with different sanitary statuses and 
were mingled in the same hatcheries. Veterinary 
controls were reduced on imports due to the urgent and 
rising demand. 

Furthermore, in AI free areas, stocking densities 
were increased, resulting in poor environmental 
conditions for the birds. In addition, due to the high 
stocking densities, and to the fact that the immune 
status to ND of the imported chicks was generally 
unknown, vaccination programs for ND were reduced 
or abandoned. 

The first industrial flocks that were affected by ND 
originated from a single broiler hatchery that had 
imported from several foreign countries. Infection 
spread to other industrial flocks, to dealers (who sell all 
sorts of poultry to backyard farm owners), and 
subsequently to backyard flocks, for a total of 17 
outbreaks in industrial farms, 17 in dealers, 219 in 
backyard flocks and one ostrich flock. 

The ND strain involved ids a highly virulent virus, 
with an intracerebral pathogenicity index of 1.8 and a 
deduced amino acid sequence at the cleavage site of the 
F protein of …SGGRRQ*RRF…., which contains 
multiple basic amino acids, a feature typical of virulent 
viruses. It was subsequently typed with a panel of 28 
monoclonal antibodies as a virus belonging to the C1 
group (1). 

Following the implementation of Directive 
92/66/EEC, all infected flocks were stamped out, and 
at present we only have occasional outbreaks in 
backyard poultry. 

Re-emergence of LPAI. On the 14th of August 
2000 a clinical suspicion of LPAI was forwarded in a 
turkey flock located in the DPLA, and was confirmed 
by the laboratory on August 20, 2000. The Italian 
Ministry of Health ordered the eradication of infection 
with a stamping out policy imposed by an 
extraordinary act. Fifty-two outbreaks were diagnosed 
and stamped out. 

A vaccination policy against avian influenza was, 
at this point, strongly requested by the farmers and by 
the poultry industry, and a vaccination program was 
drawn up and approved by the European Commission. 

Vaccination policy. The vaccination program 
began on November 15, 2000 and will last until May 
2002. Six million birds [only meat type birds and table-
egg layers (that apply the all-in all-out system)] raised 
in a restricted zone (1155 km2) south of Verona are 
involved in the vaccination program. No vaccinated 
live birds or poultry products that originate from the 
vaccination zones will be authorized for intra-
community trade.  

The vaccine that has been used does not contain a 
homologous H7N1 virus, but has been prepared from 
an inactivated H7N3 virus (A/CK/Pakistan/95/H7N3). 
The reason for this is the possibility of using it as a 
natural “marker” vaccine, or more correctly a DIVA 
[Differentiating Infected from Vaccinated Animals] 
vaccine. In fact, the presence in the vaccine of an H7 
antigen ensures protection against clinical signs and the 
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reduction of virus shedding, since it is well known the 
neutralizing antibodies to influenza A viruses are 
induced primarily by the hemagglutinin molecule (7). 
The presence of a different neuraminidase (N) subtype, 
which will induce specific antibodies (against N3 
rather than N1) will enable us, with the aid of an “ad 
hoc” diagnostic kit, to discriminate between infected 
and vaccinated flocks, and to monitor and follow the 
evolution of the situation. 

 
DISCUSSION 

 
A few considerations can be made from this 

experience. Firstly, farmers and private companies 
should bear well in mind that within the current 
European legislation there is no financial aid from local 
or national governments or from the European Union 
in case of LPAI. Therefore, on one hand permanent 
surveillance programs should be implemented in order 
to allow the prompt diagnosis of infection by H5 and 
H7 LPAI viruses to allow the stamping out of infected 
flocks until this is economically feasible. In the spring 
of 1999 we were faced with 60-70 outbreaks, and it 
was not possible to stamp out infected flocks without 
compensation. 

The spread of infection was also a result of the 
structure and organization of the local poultry industry. 
In several areas worldwide, the poultry industry has 
substantially grown in an often irrational way, 
particularly where the system has developed as a semi-
vertical integration. The latter (i.e. house owned by the 
farmer and day-old chicks and feed supplied by private 
company), has the disadvantage that there is no 
planning behind the spatial distribution of the units that 
are involved in the system, and furthermore, there are a 
sensible number of contacts between establishments. In 
fact, frequently feed trucks and other vehicles (e.g., 
abattoir delivery), visit a number of farms daily, 
regardless of the species reared and of the type of 
production, and basic biosecurity measures are rarely 
respected. The concentration of poultry houses, 
hatcheries, abattoirs, litter processing plants, and other 
establishments in a restricted area is definitely 
convenient from an organizational point of view, but 
has a series of drawbacks from the sanitary point of 
view, that dramatically emerge when an epidemic of a 
highly contagious disease is faced.  

The disruption of the marketing system determined 
social consequences, forcing farmers out of business 
and in some instances favoring the use of illegal 
vaccines. This practice most probably determined the 
re-emergence of LPAI, through the movement of 
infected litter collected from farms containing 
clinically healthy carriers. 

Furthermore, the commercial pressure posed on 
the companies determined imports at risk, which 

associated to insufficient veterinary controls, managing 
inaccuracies, and weak vaccination programs led to the 
emergence of ND. 

With reference to the vaccination program, this is 
being used as a last resort, although there are 
conflicting opinions on its effectiveness as an 
eradication tool. 

In conclusion, the Italian experience with avian 
influenza shows that it is extremely difficult to control 
avian influenza in densely populated areas, especially 
if infection with LPAI is already widespread in the 
area, and therefore in order to avoid similar situations 
prevention systems should be implemented. 

Besides a structural change in the industrial 
system, which must inevitably take place in order to 
reorganize production circuits, veterinary surveillance, 
quarantine and controlled marketing particularly in 
restocking procedures are also essential to prevent 
sanitary emergencies. In addition to this, education of 
farmers and staff to the basic concepts of biosecurity is 
also a critical point to the eradication of avian influenza 
and Newcastle disease and are fundamental to the 
management of intensively reared poultry. 
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INTRODUCTION 

 
Avian influenza viruses may be classified on the 

basis of the clinical condition they determine in 
susceptible birds. Low pathogenicity avian influenza 
(LPAI), may be caused by viruses belonging to all 15 
hemagglutinin types (H1-H15) and determine a mild 
disease in susceptible poultry, characterized by 
respiratory and enteric signs that are often associated in 
breeders and table-egg layers to reproductive 
abnormalities. Highly pathogenic avian influenza 
(HPAI) that is caused by only certain viruses of the H5 
and H7 subtypes is instead a devastating disease of 
poultry with mortality that approaches 100% in 
gallinaceous birds.  

Evidence collected from recent influenza 
outbreaks indicates that LPAI viruses belonging to the 
H5 and H7 subtypes may mutate and become HPAI, 
probably after introduction to poultry (9,12) resulting 
in extremely complex situations, which may have 
dramatic effects on the poultry industry. 

Italy has been affected by both HPAI and LPAI 
throughout the years. However, in recent years a minor 
epidemic of HPAI caused by a virus of the H5N2 
subtype in semi-intensive and backyard farms in 1997-
1998 occurred in northeastern Italy (2). Also, a limited 
number of isolations of LPAI have been recorded from 
1990 (10,11). 

During 1999 northeastern Italy has been affected 
by an epidemic of LPAI due to a virus of the H7N1 
subtype. The epidemic involved 199 outbreaks and 
caused considerable losses to the poultry industry (7). 
In the month of December 1999 the H7N1 LPAI virus 
mutated to a HPAI virus, which rapidly spread, causing 
413 outbreaks, and determining direct or indirect death 
of over 14 million birds of different species (3). 

Intensively reared chickens, turkeys, ostriches, 
guinea fowl, quail, ducks, geese, and pheasants were 
affected by the epidemic; and in the present paper we 
report on the clinical, gross and microscopic findings 
recorded in affected birds during the epidemic.  
 

 
MATERIALS AND METHODS 

 
Laboratory investigations. Birds of different 

species exhibiting clinical signs were submitted for 
laboratory investigations including post-mortem 
examination, bacteriology, histopathology and 
attempted virus isolation. 

Following the implementation of Directive 
92/40/EEC (8), samples were collected from all 
infected and suspect flocks for virological 
investigation. Virological investigations were 
performed in accordance with the guidelines reported 
in Directive 92/40/EEC, and the isolates were 
characterized as reported by Alexander and Spackman 
(1). The virulence of the isolates was determined 
through the intravenous pathogenicity index test [IVPI] 
(8) and by nucleotide sequencing in the region of the 
genome coding for the cleavage site of the 
hemagglutinin molecule (13,15). 

For histopathology, selected organs were sampled 
and immediately fixed in 10% phosphate-buffered 
formalin. Tissues were embedded in paraffin, sectioned 
at 3 µm and stained with hematoxylin & eosin. 
Unstained paraffin embedded sections were 
immunohistochemically examined for presence of 
influenza A nucleoprotein. The primary antibody was a 
monoclonal antibody against type A influenza virus 
nucleoprotein (kindly supplied by Dr. D.E. Swayne, 
USDA, ARS, Athens, GA, USA). Briefly, an antigen 
retrieval step was performed by pressure-cooking for 
25 min. in citrate buffer pH 6; the primary antibody 
was applied at 1:2000 dilution, using the En Vision AP 
(DAKO K1396) detection system and Nuclear Fast 
Red (DAKO K1396) as chromogen. Routine 
bacteriology was performed on the viscera of the 
affected birds. 
 

RESULTS 
 

Virological investigations. Virus isolation 
attempts yielded hemagglutinating agents on first 
passage, often accompanied by early embryo mortality 
(within 48 hours). Viruses were characterized 
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serologically and all influenza isolates were 
characterized as type A influenza viruses of the H7N1 
subtype. 

The IVPI test performed on a number of isolates 
scored 3.0, and deduced amino acid sequence of the 
cleavage site of the hemagglutinin molecule was 
…PEIPKGSRVRR*GLF.……, which contains 
multiple basic amino acids, a feature typical of highly 
pathogenic viruses. 

Bacteriology. Routine bacteriological tests 
constantly yielded a negative result. 

Clinical investigations. In chickens, turkeys, and 
guinea fowl reared on litter, 100% mortality was 
observed 48-72 hours from the onset of the first clinical 
signs. Anorexia and depression were followed by 
nervous signs characterized by tremors and 
incoordination. Similar clinical signs were recorded in 
pheasants although mortality rates appeared to be 
lower. In a limited number of broiler breeder flocks, 
cyanosis of the comb and wattles and petechial 
hemorrhages on the hock could be seen. 

A different situation was noted in caged birds, 
such as layers and quail, in which the disease 
eventually killed all the birds, but moved within the 
flock in a much slower way. At first, severe depression 
or mortality could be seen in only one bird per cage in 
a restricted area of the house, but slowly spread to 
neighboring cages. This different behavior in spread 
between caged and litter-reared birds was probably 
related to the amount of infected feces in direct contact 
with the birds. 

In free ranging ostriches (5), the first clinical signs 
observed were anorexia and depression in a limited 
number of the young birds (7-9 months) that in the 
following days spread to a significant number of young 
birds. Common clinical findings, apart from depression 
and anorexia, were a swollen appearance of the throat 
and neck associated with nervous signs such as 
incoordination, paralysis of the wings, and tremors of 
the head and neck. A consistent clinical sign was the 
production of brilliant green urine, which was also rich 
in urates and of hemorrhagic feces. Following the onset 
of clinical signs, a total of 44 (30%) birds died. The 
remaining birds recovered (to normality) within a week 
from the onset of the clinical condition. The adults 
(breeders) appeared healthy throughout the episode. 

Quite unexpectedly, mortality also affected 
Muscovy ducks and geese in a backyard flock (4). The 
ducks had exhibited an abnormal gait associated with 
incoordination prior to death. 

Post mortem findings. On post mortem, a lesion 
which was common to all affected birds was 
pancreatitis. The gross finding was most severe in 
chickens and turkeys. Besides this finding, in chickens 
occasionally, the spleen presented necrotic foci on its 
surface, and the cecal tonsils appeared hemorrhagic. 

Generally speaking, internal organs appeared 
congested, and in a limited number of cases, affecting 
both turkeys and chickens urate deposits in the kidney 
could be seen. 

On the contrary, the gross findings seen in the 
ostriches resembled infection by Clostridium spp. In 
fact, apart from edema of the head and upper part of 
the neck, and presence in the oral cavity and 
oesophagus of bile-green mucous liquid, the most 
striking lesions were observed in the intestine and in 
the liver. Most of the intestine was affected by a severe 
hemorrhagic enteritis, and its lumen contained a 
hemorrhagic exudate and blood clots. The liver 
appeared enlarged with rounded margins and its 
surface exhibited whitish and dark brown irregular 
areas. As previously mentioned, in a number of birds 
the pancreas appeared hemorrhagic, enlarged and 
hardened. The kidneys also appeared enlarged, friable 
and contained urate deposits. The spleen also was 
increased in size. The lung and trachea appeared 
congested and the epicardium exhibited petechial 
hemorrhages. 

With reference to the affected waterfowl, on post 
mortem examination both geese exhibited pancreatic 
lesions. In particular, in one of them the pancreas 
appeared enlarged, hardened and yellowish in color. Its 
surface exhibited a foamy appearance with small 
rounded greyish vesicles. The duodenum appeared 
congested, and on opening it, it contained hemorrhagic 
material. The spleen appeared reduced in size, and an 
inflammation of the proventriculus was also present. 
The heart appeared congested and enlarged. No other 
lesions were detected in other organs. No gross lesions 
were detected in the two Muscovy ducks. 

Histopathology and immunohistochemistry. The 
histopathological findings recorded in chickens and 
turkeys were very similar. Pancreatitis with severe, 
focal to diffuse necrosis of acinar cells was the main 
finding. Pancreatic lobes exhibited strong irregular 
eosinophilic staining caused by acinar necrosis. The 
most severe necrotic foci were lined by a thin rim of 
inflammatory cell debris. Interstitial edema was also 
present, associated with fibrinous peritonitis affecting 
both pancreas and intestine. Spleen lesions were of 
vascular wall fibrinoid necrosis. Brain and cerebellum 
showed focal necrosis in affected turkeys. 
Lymphocytic choroiditis was also observed. No other 
relevant lesion was detected in other districts. Avian 
influenza virus nucleoprotein was identified in necrotic 
acinar epithelium of the pancreas, nervous and heart 
tissues. 

In the dead ostriches, focal to diffuse coagulative 
necrosis of spleen, kidney and liver were detected. 
Inflammation and fibrinoid necrosis of the arterioles 
were prominent in the spleen and brain. The pancreas 
was affected in a limited number of birds and exhibited 
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focal coagulative necrosis of acinar cells, restricted 
mononuclear infiltration and mild to severe fibrosis 
surrounding a few small rounded lobules, which 
appeared compressed and atrophic. Brain and 
cerebellum sections revealed foci of malacia and 
neuronophagia. Lymphocytic choroiditis was also 
present. Necrotic and hemorrhagic lesions were present 
in the intestine. No other relevant alterations were 
detected histologically. Type A avian influenza virus 
nucleoprotein was detected by immunohistochemistry 
in necrotic lesions. 

Focal to diffuse necrosis of the pancreas 
occasionally associated with lymphohistiocytic 
infiltration and sclerosis was observed in guinea fowl 
and quail. No other significant lesion was evident on 
histology. Necrotic lesions were 
immunohistochemically positive for avian influenza 
virus nucleoprotein. 

Interestingly, different lesions were observed in 
the ducks and geese. In contrast to diffuse necrosis of 
affected organs observed in other birds, the main 
histological lesion was inflammation of the affected 
organs in these birds. Only a limited number of 
necrotic foci of the acinar cells of pancreas were 
observed in the geese and, to an even lesser extent, in 
the Muscovy ducks. Mild hemorrhagic duodenitis was 
observed in both geese and in the Muscovy ducks, 
while necrosis of the cecal tonsils was observed in the 
geese only. The latter also presented with congestion, 
mild hydropic degeneration and focal granuloma in the 
liver. Mild to moderate lymphocytic encephalitis with 
perivascular cuffing was observed in the brain of geese 
and Muscovy ducks. 

Mild positive immunohistochemical reaction 
against the viral nucleoprotein antigen was detected in 
the acinar cells of pancreas of the geese. Similarly, 
nuclei and cytoplasm of the neurons and astrocytes in 
the grey matter of the central nervous system of geese 
showed an intense, positive immunohistochemical 
reaction, while in the Muscovy ducks, a positive 
reaction was restricted to a few individual neurons and 
glial cells. Lymphocytic perivascular cuffing never 
showed a positive reaction on immunohistochemistry. 
The remaining organs for both species were negative 
by immunohistochemistry. 
 

DISCUSSION 
 

Clinical and pathological data collected during the 
epidemic confirm that gallinaceous birds are highly 
susceptible to HPAI, and that all efforts should be 
made to control this disease, which may have 
devastating consequences on the poultry industry and 
on the social community. 

Furthermore it appears that ostriches are also 
susceptible to HPAI, although it should be stated that 

only the young birds exhibited clinical signs while 
adults remained clinically healthy. This evidence 
should stimulate further research aiming to establish 
whether adult ostriches could behave as carriers of this 
infection when imported for breeding purposes into 
countries that are free from HPAI. 

Of particular interest are the findings observed in 
the infected waterfowl. In fact, although waterfowl are 
considered refractory to HPAI, from the evidence 
collected, it appears that in some instances they may 
exhibit clinical signs and experience viremia that 
results in viral replication in vital organs. It should be 
stated that isolation of HPAI from the brain of 
experimentally infected Pekin ducks has been reported 
in the past (14). 

In addition to this, from the gross, 
histopathological and immunohistochemical data 
collected in the epidemic, it appears that the pancreas 
has a crucial role in the pathogenesis of HPAI, possibly 
due to the presence of proteolytic enzymes that are 
involved in virus activation. Further studies are 
necessary to elucidate the role of this organ in the 
pathogenesis of HPAI. 
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Pigeons are the most common source of Newcastle 
disease virus (NDV) isolates of moderate virulence. 
Viruses of similar virulence, classically defined as 
mesogens, have not been isolated from poultry in the 
U. S. since the 1970s. In 1999 the definition of 
Newcastle disease (ND) recognized internationally was 
changed by the Office International des Epizooties. ND 
was formerly defined as a disease of birds caused by a 
virus significantly more virulent than vaccine strains 
like B1 and La Sota, a definition very similar to that 
utilized in the U. S.  In the new definition ND is an 
infection of birds with a virus of avian paramyxovirus 
serotype 1 (APMV-1), i.e. NDV, with an intracerebral 
pathogenicity index (ICPI) of 0.7 or greater or with 

multiple basic amino acids in the fusion protein 
cleavage site. Most pigeon APMV-1 isolates are 
characterized as virulent by the new definition, but 
their potential to cause disease in chickens is generally 
unknown. In the present study selected isolates were 
characterized for virulence before and after serial 
passage in specific-pathogen-free white leghorn 
chickens.  

Seven NDV isolates, 6 from pigeons and 1 from 
doves, were included in the study. The virus isolates 
were from 2 ND outbreaks in pigeons in 1984, 2 from 
ND outbreaks in racing pigeons in Texas and Georgia 
in 1998, and 3 from quarantine station or regulatory 
actions, 2 from pigeon in 1975 and 1 from quarantined 
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doves in 1998. Serial passage was done in 2-wk-old 
chickens inoculated intramuscularly. A homogenate of 
spleens harvested at 2 days post-inoculation was 
inoculated intramuscularly for the subsequent passage. 
Virus pathotyping was completed on the initial passage 
inoculum and chicken embryo propagated virus from 
the fourth or final passage. 

A pigeon NDV specific monoclonal antibody 
inhibited 4 of the isolates, the 1984 and 1998 pigeon 
isolates, in a hemagglutination-inhibition test and 
differentiated those 4 isolates from the 1975 pigeon 
and 1998 dove viruses that were not inhibited by that 
antibody. Viruses inhibited by the pigeon specific 
antibody are typical of those classically identified as 
pigeon paramyxovirus serotype 1 (PPMV-1). Increased 
virulence from chicken passage was evident in the 
results of the pathotyping tests of the 4 PPMV-1 
isolates. The mean death time (MDT) of inoculated 
embryos decreased and the ICPI and intravenous 
pathogenicity index (IVPI) increased for all 4 viruses.  
Although all of the pathotyping test results indicated an 
increased virulence after chicken passage, an increase 
beyond moderate virulence was evident for only one of 
the viruses.  There was however no virulence 
difference among the 4 passaged PPMV-1 viruses 
when they were inoculated by eye drop in 4-wk-old 
chickens. Lesions of the brain and heart were a 
consistent finding even though clinical disease was 
mild and limited to depression and some nervous signs 
in no more than 33% of the birds inoculated with each 
of the isolates. Mortality and greater morbidity did 
occur in 2-wk-old birds inoculated eye drop with 1 of 
the passaged PPMV-1 isolates. 

In contrast to the PPMV-1 results, the isolates that 
were not inhibited by the pigeon specific monoclonal 
antibody were either of high virulence or acquired high 
virulence by chicken passage.  A viscerotropic 
velogenic form of ND was produced by the initial 
passage inoculation of the two 1975 isolates. The 
MDT, ICPI, and IVPI of the 1998 dove isolate 
indicated it was of moderate to high virulence initially 
and became more virulent during passage. Intracloacal 
inoculation of the initial dove isolate produced no 
clinical disease but after passage a viscerotropic 
velogenic form of ND occurred. 

Passage of PPMV-1 isolates in chickens increased 
their virulence but not to the level inherent in those 3 
isolates that produced viscerotropic velogenic ND 
before or after passage. Further, the observation that 
the tested isolates induce different clinical forms of ND 
are evidence that all isolates from birds of the Order 
Columbiformes are not of the classical PPMV-1 type. 
The increased virulence in pathotyping tests of 
passaged PPMV-1 was not reflected in an increased 
severity of clinical disease. However, the fact that 
some clinical disease was evident, which included 
mortality in younger birds, is an indication that these 
isolates are a greater hazard to chickens than the low 
virulence NDV strains routinely recovered from 
poultry. NDV infected pigeons are a potential hazard 
for infection of commercial poultry and every effort 
should be made to prevent those infections. 
 
(A full report of the study will be submitted for 
publication in Avian Diseases) 
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SUMMARY 

 
This paper describes the isolation and 

identification of a novel virulent reovirus, the so-called 
Enteric Reovirus Strain  (ERS). Virulence, 
dissemination, and reaction patterns with different 
monoclonal antibodies are reported. Screening of field 
isolates revealed that reovirus strain ERS is also 
present in other countries, being isolated from cases of 
malabsorption syndrome (MAS). Furthermore, efficacy 
data after the use of a new monovalent inactivated 
reovirus ERS vaccine is presented. 

INTRODUCTION 
 

Avian reovirus infections in chickens cause major 
economic problems for commercial poultry producers 
throughout the world. Mainly in heavy breeds, avian 
reoviruses have been associated with a variety of 
diseases, including viral arthritis/infectious 
tenosynovitis, stunting, malabsorption syndrome, 
growth retardation, pericarditis, myocarditis, enteritis 
and immunosuppression. Recently, high mortality has 
been reported in commercial broilers from well-
vaccinated parents in Poland. Difficulty in walking and 
high mortality in the flock are the most common signs 
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in affected flocks. White spots on the liver and 
pericarditis are seen at post-mortem. Later on the 
causative agent: a so-called Enteric Reovirus Strain 
(ERS) was isolated from affected chickens. In this 
paper the properties of this novel reovirus strain and 
the work that led to the production of an inactivated 
vaccine are presented.  
 

MATERIALS AND METHODS 
 

Virus isolation. Organs (liver, kidney, thymus 
ceacal tonsils, spleen, intestine and heart) from 
clinically affected chickens were individually 
homogenized and used for virus isolation. For the 
isolation attempt primary chicken embryo fibroblasts 
(CEF) or primary chicken-embryo-liver-cells (CELi) 
were used. 
 

VIRUS CHARACTERIZATION 
 

Inmunofluorescence test. Different avian 
reovirus strains were characterized compared by means 
of IFT using polyclonal and different monoclonal 
antibodies (MCA). The virus strains investigated were 
1133, 2408, 2177, UM203, Olson, 1733 and CO8 (all 
described in literature). Also commercially available 
live vaccines Enterovax (MBL, USA) and Tensynvac 
(Intervet Inc., USA) and reovirus strains recently 
isolated in different countries were included in the 
comparison. 

Plaque reduction test. The antigenic relatedness 
between the reovirus isolates was determined by the 
plaque reduction test. The amount of antibodies against 
reovirus present in different sera was quantified by 
means of IFT against reovirus strain 1133 before being 
used in the plaque reduction test. Antibodies against 
reovirus induced by different reovirus strains (1733, 
2408 and 2177) and 4 commercially available vaccines 
were compared in their ability to neutralize reovirus 
strain ERS in the plaque reduction test. The capacity of 
antibodies induced by reovirus strain ERS to neutralise 
reovirus strains 1733, 2408, 2177 and ERS was 
included in the study.  

Pathogenicity and dissemination studies of 
reovirus strain ERS. In a first experiment, one day old 
SPF chickens were orally inoculated with reovirus 
strain ERS. In a second experiment, 3 weeks old SPF 
birds were inoculated with reovirus strain ERS via the 
foot pad or subcutaneously. The presence of virus in 
liver, heart, spleen, bursa, cecal tonsils, tendons, 
pancreas, whole stomach (proventriculus and gizzard) 
and intestine was investigated at 3, 7, 14 and 21 days 
after inoculation in both experiments. In a third 
experiment, 9 weeks old SPF birds were inoculated 
with reovirus strain ERS via the foot pad route and 
animals were observed daily for mortality. 

Growth retardation induced by reovirus strain ERS 
in commercial broilers. Two groups of 15, one day old 
commercial broilers (with maternal antibodies against 
reovirus) were orally or subcutaneously inoculated 
with reovirus strain ERS (from Poland) using a dose of 
5 log10 TCID50/bird. Two other groups of 15 
commercial broilers per group of the same origin, were 
orally or subcutaneously inoculated with reovirus strain 
ERS (from Poland) at 8 days of age. Fifteen animals of 
the same age and source were not inoculated and 
served as negative controls. Animals were weighed 
each week for a period of 7 weeks to investigate 
growth retardation. At each weighing point, the 
average weight of the uninoculated animals was set at 
100%. 

Protection studies using an inactivated monovalent 
ERS vaccine. SPF animals of 3-4 weeks old were 
intramuscularly vaccinated (0.5ml/bird) with an 
inactivated monovalent reovirus ERS water-in-oil 
emulsion. Not vaccinated animals of the same age and 
source served as challenge control. Three and 5 weeks 
after vaccination sera were investigated for the 
presence of antibodies against reovirus with the IFT-
test. Five weeks after vaccination animals were 
challenged via the foot pad route with pathogenic 
reovirus strain ERS. Mortality and morbidity were 
scored daily. The average lesion score of the degree of 
inflammation and discoloration of the foot pad and 
shank was measured for a period of 14 days after 
challenge. The score ranges from 0 to 3.5 in which 0.0 
= no swelling and 3.5 = severe swelling in foot pad and 
swelling in whole shank with discoloration. 
 

RESULTS 
 

Isolation of reovirus from clinically affected 
chickens. Enteric reovirus strain (ERS) was isolated 
from liver, kidney, thymus, ceacal tonsils, spleen and 
heart. The isolated virus was characterized as a 
reovirus by the immune-fluorescence-technique (IFT) 
using rabbit polyclonal anti reovirus serum. The 
isolated reovirus was plaque purified and further 
characterized. 

Characterization of reovirus strains using 
monoclonal antibodies. The results of the 
characterization of different reovirus strains by means 
of the IFT using polyclonal and different monoclonal 
antibodies are presented in Table 2. Reovirus strain 
ERS from Poland and isolates from different 
geographical parts of the world show a distinct panel 
pattern with different MCA’s when compared to 
reovirus strains that have been described in literature. 

Plaque reduction test. Antibodies against 
reovirus induced by different reovirus strains (1733, 
2408 and 2177) and different commercial vaccines 
were unable to neutralize reovirus strain ERS in a 
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plaque reduction test. In contrast, antibodies induced 
by reovirus strain ERS could neutralize reovirus strains 
1733, 2408, 2177 and ERS. The data is summarized in 
Table 1. 

Pathogenicity and dissemination of reovirus 
strain ERS. In the first experiment, reovirus strain 
ERS caused 100% mortality within 7 days after oral 
inoculation of one day old SPF birds. Three and 7 days 
after inoculation, virus was reisolated in all animals 
from the following organs: liver, intestine, tendons, 
pancreas, ceacal tonsils, spleen, bursa of Fabricius, 
whole stomach (proventriculus and gizzard) and heart. 
In the second experiment, reovirus strain ERS caused 
53 or 12% mortality when applied to 3-weeks-old SPF-
birds via the foot pad or subcutaneous (SC) route, 
respectively. Virus was present in all above mentioned 
organs, investigated 3 and 7 days after inoculation. 
Furthermore, in all animals at 2 weeks of age and in 3 
out of 5 animals one week later reovirus strain ERS 
was isolated from the pancreas. In the third experiment, 
reovirus strain ERS caused 12% mortality when 
applied to 9-weeks-old SPF-birds via the foot pad 
route.  

Growth retardation induced by reovirus strain 
ERS in commercial broilers. At the age of 7 weeks, 
animals infected at one day of age via the oral or 
subcutaneous route showed a growth retardation of 
approximately 34% compared to the non-infected 
control animals. At 7 weeks of age, the weight for non-
infected control animals was 2469 ± 261g versus 
1635g ± 272g for the infected animals. At the age of 7 
weeks, animals infected at one week of age via the oral 
or subcutaneous route showed a growth retardation of 
approximately 25% compared to the non-infected 
control animals. At 7 weeks of age, the weight for non-
infected control animals was 2469 ± 261g versus 1842 
± 376g for the infected animals. 

Protection studies using a inactivated 
monovalent ERS vaccine. After challenge none of the 
vaccinated animals died or showed signs of disease. In 
contrast, 87.5% of the animals were ill and 12.5% of 
the animals in the challenge control group died. Post-
mortem examination revealed as cause of death 
exposure to the challenge virus. The serological 
response induced by the inactivated monovalent ERS 
vaccine 3 and 5 weeks after vaccination was 
respectively 9.6 and 9.2 (log2). Fourteen days after 
challenge the average foot pad and shank scores were 
1.4 for the vaccinated group and 3.1 for the none-
vaccinated challenge control group, indicating that all 
vaccinated animals were protected, whereas none of 
the animals in the control group were protected.  
 
 
 

DISCUSSION 
 

Recently, high mortality has been reported in 
broiler flocks in Poland. Even the progeny from well-
vaccinated parents was affected. The causative agent 
could be isolated and was identified as a reovirus, 
designated as “Enteric Reovirus Strain” (ERS). After 
plaque purification it was shown that the reovirus is 
highly pathogenic, causing high (100%) mortality in 
one day old SPF birds infected orally. Dissemination 
studies in 3 weeks old SPF birds infected via the SC 
route revealed that the virus could be reisolated from 
many different organs at 3 and 7 days after infection. 
Furthermore, the virus was still present in the pancreas 
3 weeks after infection.  

Characterization of the virus isolate from Poland 
with a panel of monoclonal antibodies revealed that the 
isolated reovirus had a distinct panel pattern when 
compared with reovirus strains that have been 
described in literature. Furthermore, the results of the 
plaque reduction test showed that reovirus strain ERS 
could not be neutralized with antibodies directed 
against reovirus strains 1733, 2408 and 2177 nor with 
antibodies induced by different inactivated commercial 
reovirus vaccines. In contrast, antibodies induced by 
reovirus strain ERS could neutralize reovirus strains 
1733, 2408, 2177 and ERS. It was concluded that the 
Polish isolate was different from the strains 
investigated in this study. Further studies using MCA 
have demonstrated that field isolates from different 
countries (see table 2) show an identical reaction 
pattern as reovirus strain ERS as well as cross plaque 
reduction test (data not shown) and may be considered 
as belonging to the same group. This indicates that 
reovirus strains of the ERS type are present in different 
geographical regions and awareness for the problems 
they may cause (malabsorption) should be considered. 
Therefore, the need for a homologous vaccine based on 
the new reovirus strain ERS was obvious. In order to 
evaluate the efficacy of such a product challenge 
experiments were carried out. 

Animal experiments show that the monovalent 
inactivated reovirus vaccine based on the Polish isolate 
can induce a serological response in animals, protects 
vaccinated animals from mortality and clinical signs, 
and protects chickens from severe lesions in the foot 
pad and shank. 
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Table 1.  Identification of reovirus strain ERS by means of plaque reduction.  
    Chicken serum → 

 
 

 1733 2408 2177 ERS Negative serum 

Virus↓       
1733  99 ND ND 96 - 
2408  ND 95 ND 87 - 
2177  ND ND 90 83 - 
ERS  0 0 0 97 - 

Chicken sera were directed against different reovirus  
ND = not done. 
 
Table 2.   Identification of different reovirus strains by means of IFT 

    Monoclonal antibodies → 
Strain Identification Country Rabbit 68A 154 14-67 INT INT 14-11 INT13-6 15-1-INT 

S-1133 L. van der Heide USA + + + + + + 
2408 Rosenberg USA + + + + + + 

UM 203 Johnson USA + + + + + + 
WVU 1675 

Olson 
Olson USA + + + + + + 

Enterovax MBL USA + + + + + + 
Tensynovac Intervet USA + + + + + + 

1733 Rosenberg USA + + + + + - 
2177 Rosenberg USA + + + - - + 
CO8 Hieronymus, Villegas USA + + + - + + 
ERS Isolate 1 Poland + + + - - - 
ERS Isolate 2  Netherlands + + + - - - 
ERS Isolate 3 United Arab 

Emirates 
+ + + - - - 

ERS Isolate 4 Indonesia + + + - - - 
ERS Isolate 5 United 

Kingdom 
+ + + - - - 

ERS Isolate 6 South Africa + + + - - - 
ERS Isolate 7 Germany + + + - - - 
ERS Isolate 8 Belgium + + + - - - 
ERS Isolate 9 Argentina + + + - - - 
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SYNDROME: VERTICAL INDUCTION WITH FOWL ADENOVIRUS 

AND CHICKEN ANEMIA VIRUS 
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ABSTRACT 
 

The hypothesis that fowl adenovirus (FAV) and 
chicken anemia virus (CAV), transmitted vertically and 
simultaneously, induce the inclusion body 
hepatitis/hydropericardium (IBH/HP) syndrome in 
progeny chickens was tested. Thus, 35 wk old light 
brown layer breeders, showing absence of antibodies 
against FAV and variable titers against CAV, were 
intramuscularly singly infected with the FAV serotype 
4 isolate 341 or dually infected with CAV (isolate 
10343) and FAV. In the present study, both infective 
viruses FAV and CAV were isolated from progenies 
obtained as early as 5 days after infection of their 
breeders. Hematochemical values showed few 
significant differences between the chicken groups. 
Most of these differences were detected in the dually 
infected progeny chickens. These changes could be 
interpreted as the result of a more severe damage in the 
livers of this group. However, almost all values met 
reference ones obtained by other authors for the 
species. Therefore, the values obtained do not strongly 
help to support our hypothesis. The pathological 
findings showed that progeny chickens obtained from 
both singly and dually infected breeders developed 
macroscopic and histopathological changes of IBH/HP. 
Additionally, chickens whose parents received CAV 
and FAV showed lymphocyte depletion and apoptosis 

in the spleen. These lesions were attributed to the CAV 
infection. There is conflicting evidence concerning the 
role of adenoviruses as the primary etiologic agent of 
IBH/HPS. Although a few reports have underlined the 
role of FAV’s as primary etiologic agents of IBH/HPS, 
most studies have suggested that outbreaks of 
IBH/HPS in chickens involve concurrent marked 
immunodepression. These findings have been 
corroborated using Chilean FAV isolates. Previous 
results showed the use of FAV-4 isolate 341 alone via 
the intramuscular route in 20-day-old SPF chickens 
induced 10% mortality due to IBH/HPS. The oral 
infection with this isolate determined neither mortality 
nor IBH/HPS lesions. Interestingly, in the present 
study, the progeny of breeders receiving FAV isolate 
341 alone reproduced the IBH/HP syndrome. This 
result was not expected since neither synergisms nor 
prior immunodepression by CAV was concurrent. 
Accordingly, the present results do not allow the 
confirmation of the hypothesis that the association of 
FAV and CAV is necessary for the successful 
induction of the IBH/HP syndrome in chickens when 
transmitted vertically. 
 
Financed by the Chilean National Science Foundation 
FONDECYT (1990816) 
(Full article will appear in Avian Diseases)
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ABSTRACT 

 
Two broiler farms that had been experiencing 

production problems on the Delmarva Peninsula were 
monitored weekly through flock observations, post-
mortem examinations, serology using Enzyme-Linked 
Immunosorbent Assay (ELISA), histopathological 
examination of sections of bursa of Fabricius, and virus 
isolation.  Field and laboratory findings indicated high 
IBDV field challenge.  Management changes such as 
vaccination of broilers at 7 and 14 days of age with an 
intermediate strain of IBD, placement of chicks from 
not more than three mid-production breeder sources, 
application of litter acidifiers and insecticides, and 

reinforcement of biosecurity, hygiene, and sanitation 
were initiated.  Better feed conversion and livability 
were observed after proper implementation of 
management changes on one farm.  This provides 
further evidence that, while eradication of IBD may be 
unrealistic and impractical, significant improvements 
in broiler performance can be achieved through proper 
vaccination and timing, good chick uniformity, strict 
biosecurity, and good hygiene and sanitation. 
 
(A full-length article will be submitted for review and 
consideration for publication in the Journal of Applied 
Poultry Research) 

 
 

VERY VIRULENT INFECTIOUS BURSAL DISEASE VIRUS IN 
EGYPT: ISOLATION, RESISTANCE OF LOCAL BREEDS AND 

IMMUNOGENICITY OF CLASSIC VACCINE 
 

Mohamd K. HassanA, Manal AfifiB    and Mona M. AlyA 

 
AAnimal Health Research Institute  

BFaculty of Veterinary Medicine, Cairo, Egypt 
 

Infectious bursal disease (IBD) is still an important 
economic problem facing the Egyptian poultry 
industry. In 1999, six commercial poultry flocks, 
located in lower and upper Egypt, were diagnosed with 
severe bursal lesions and high mortalities (8% - 28%). 
All flocks were vaccinated with live classic vaccines. 
On post mortem examination, typical IBD lesions were 
noticed; detection of IBDV antigen was performed by 
agar gel precipitation test and inoculation of SPF 
embryos. Six continuous cell lines and one primary cell 
culture were tested for their ability to support 
replication of very virulent IBDV (VVIBDV). None of 
the six VVIBDV isolates could be adapted to BGM-70, 
Vero, BHK, RK-13 and MDBK cell lines or chicken 
embryo fibroblast cells after 6 blind passages.   

Susceptible chickens from five Egyptian and one 
foreign breeds were evaluated for genetic resistance to 
VVIBDV. Birds of the 6 breeds were divided into 
vaccinated and nonvaccinated, and exposed by eye 
drop route to VVIBDV. Five parameters were 
monitored: mortality, relative bursa and spleen weight, 
bursal lesion score, antibody titer and the response of 
blood lymphocytes to mitogens. In the pathogenicity 
experiment, birds of the Mandara breed were 
significantly more resistant than chickens of 
Gimmizah, Golden, Fayoumi, Balady, and foreign 
white leghorn breeds. In the immunogenicity 
experiment, chickens were vaccinated with a live 
classic vaccine (Bursine 2) and challenged 10 days 
later with the VVIBDV. Mortality, following 
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challenge, was not significantly different among the 6 
breeds. The vaccinated birds were partially protected 
against challenge with VVIBDV. The challenged birds 
were protected against clinical disease and death but 
not bursal damage and atrophy. The correlations of the 
five parameters with resistance to VVIBDV were 
inconsistent, indicating that nonimmunogenic factor(s) 
might play a critical role in IBD resistance. The study 
illustrated the importance of IBD resistance evaluation 
in both vaccinated and nonvaccinated chickens. 

In another experiment, the protection induced by 
graded doses of classic-intermediate vaccine in both 
IBD resistant (Mandara) and susceptible (Gimmizah) 
local chickens was investigated. The immunogenicity 
of the tested doses was evaluated by measurement of 
the serological response and resistance to VVIBDV 
challenge 10 days post vaccination. Results showed 
that similar immune responses to the vaccine could be 

generated over a wide (100 fold) dose range. It was 
concluded that single vaccination, by eye drop route, 
with live intermediate vaccine (1x) could protect 
chickens against clinical disease and mortality. 
However, the immune responses generated by 1x, 10x 
or 100x vaccine doses did not protect against VVIBDV 
super infection of the bursa following challenge. This 
finding point out the highly invasive nature of the 
prevailing VVIBDV in Egypt. Further investigations 
are needed to evaluate the antigenic and immunogenic 
relatedness of the VVIBDV and commercially 
available vaccines.   
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EFFICACY OF A BURSAL DISEASE - MAREK’S DISEASE 
VACCINE IN BROILERS ADMINISTERED THROUGH 

IN OVO VACCINATION 
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Two hundred twenty-five thousand, eighteen day-
old embryonated commercial broiler eggs were 
injected in ovo with Bursal Disease - Marek’s Disease 
Vaccine Serotype 3 Live Virus (S-706 + HVT).  The 
chickens were observed daily for forty-two days.  
Serological and production parameters were evaluated. 

The results were then compared against a control group 
(HVT in ovo + S-706 by spray at one day old).  The 
results showed the safety and efficacy of in ovo 
vaccination with Bursal Disease - Marek’s Disease 
Vaccine Serotype 3, Live Virus was satisfactorily 
demonstrated in commercial broiler chickens.

 
 

MAREK'S DISEASE: RECENT DEVELOPMENTS AND  
CURRENT STATUS 

 
R. L. WitterA and R. W. MorganB 

 
AUSDA, Agricultural Research Service, Avian Disease and Oncology Laboratory, East Lansing, MI 

BDepartment of Animal and Food Sciences, University of Delaware, Newark, DE 
 

INTRODUCTION 
 

In 1978, an international symposium was held in 
Berlin to address current concerns and research 
developments in Marek's disease.  Twenty-two years 
later, in August 2000, the 6th symposium in this series 
was held in Montreal.  This current symposium, 
organized by K.A. Schat, featured 56 presentations and 
17 posters by prominent scientists in the field from 

many countries.  The symposium was held in 
conjunction with the XXI World's Poultry Congress.  
Like its predecessors, this symposium provided an 
excellent snapshot of the state of the disease and 
documented many new developments, some of which 
will surely alter the course of future activity in the 
disease.  This summary is based largely, but not 
entirely, on results presented in the symposium.  No 
attempt is made to cover all the presentations.  The 



 23 

proceedings will be published early in 2001 and should 
be consulted for more detailed information.   Two 
excellent summary reports on the symposium by B.W. 
Calnek and Robin Morgan, respectively, are published 
in the proceedings (3, 14) and provided both 
information and inspiration for this report.   
 

STATE OF THE DISEASE 
 

Broiler condemnations and layer mortality from 
Marek's disease (MD) are at an all time low.  MD 
condemnations for the United States in 1999 were 
0.012% and, for the first 9 months of 2000, were 
0.009%.   This level is about 10-fold less than in 1961 
when statistics were first recorded and about 150-fold 
less than peak levels in 1970.  These favorable trends 
also are reflected in many other countries although we 
learned from one of the MD Symposium workshops 
that sporadic outbreaks have been seen recently in 
Pakistan, Israel, United States, Vietnam and Korea.  
Subsequently, additional reports of excessive MD 
losses have been received from Nepal and Brazil.  The 
low passage CVI988 vaccine is widely used and 
appears highly effective in most cases.  In ovo 
vaccination is now widely practiced for broilers, at 
least in the United States.  Revaccination is also widely 
practiced, mostly outside the United States, but specific 
protocols vary and benefits remain controversial. 

Diagnostic criteria for MD are not applied 
uniformly by all laboratories.  Although traditional 
pathology still forms the basis for differential diagnosis 
of MD lymphomas, some laboratories tend to rely on 
polymerase chain reaction (PCR) assays even though it 
seems clear that MD virus (MDV) can be present in 
chickens in the absence of overt disease.  The issue of 
differential diagnosis is reemerging and is being 
currently addressed by a subcommittee of the AAAP 
Tumor Virus Committee.  However, it seems likely 
that a diagnostic scheme based on traditional criteria of 
clinical presentation, gross and microscopic pathology, 
and epidemiology will be most useful, especially if 
supplemented with tests to demonstrate T-cell markers 
or the presence of MDV and its antigens in tumor cells. 

Despite the favorable situation with MD, there are 
valid concerns that the virus will continue to mutate to 
greater virulence and that current vaccines will no 
longer provide adequate protection.  In fact, some 
recently isolates strains have greater virulence for 
CVI988-vaccinated chickens than earlier strains. Witter  
(20) addressed this concept in depth at the MD 
Symposium and concluded that the virus will not easily 
be defeated and that some kind of commensal 
relationship with its host may be both inevitable and 
beneficial.  Such an outcome could be advantageous, 
especially if the industry cannot support the costs of 
complete eradication, but is not yet assured.  

HIGHLIGHTS FROM MD SYMPOSIUM 
 

The MD Symposium covered virtually all aspects 
of the virus and the disease.  The proceedings should 
be consulted for details.  The intent here is to showcase 
a few carefully selected accomplishments that may 
have special relevance to increasing our understanding 
of the disease and improving methods for its control.  
By necessity, many interesting presentations are 
omitted from this discussion. 

Genomic sequences.  During the past year, 
complete DNA sequences have been obtained for 5 
virus isolates representing all 3 serotypes.  Of 
particular interest were the sequences for two strains of 
serotype 1 MDV that differ in relative virulence, i.e., 
GA (10) and Md5(19).  This is a landmark 
accomplishment that will have a far reaching impact on 
the course of MD research.  Lee (11) presented the GA 
sequence at the MD Symposium and compared the 
genomic organization to that of herpes simplex virus.  
Of particular interest are the several open reading 
frames that appear to have no counterparts in other 
herpesviruses.  This information will permit a more 
systematic and focused approach to identify MDV 
genes that may have important roles in replication, 
oncogenicity and immunogenicity. 

Techniques for mutant viruses.  The second 
landmark accomplishment revealed in the symposium 
was the development of not one but two improved 
methods for making directed mutations in the MD viral 
genome.  The first method developed by Reddy (17) 
utilized a series of five overlapping cosmid clones 
derived from the Md5 strain to produce recombinant 
viruses.  In one of these viruses, the pp38 gene was 
deleted to demonstrate the utility of the technique.  The 
technique permitted construction of the mutant as well 
as a recombinant control virus without the specified 
mutation.  This strategy allows direct comparisons 
between mutant and recombinant control virus, thereby 
facilitating the association of the mutation with 
changes in biological properties.  The pp38-deleted 
mutant virus replicated in chickens but less vigorously 
than the recombinant control and did not cause gross 
tumors. 

The second method (presented by Osterreider in an 
informal workshop) involved production of a bacterial 
artificial chromosome (BAC) that contained an 
infectious clone of a high passage serotype 1 virus 
derived from vv+ strain 584A.  This technique was 
used to produce a gB deletion mutant that replicated on 
quail cells previously transfected with the gB gene.  
Since complementation by the gB cell line was needed 
for replication, one could conclude that gB is essential 
for replication in cell culture. 

These two methods, taken together, represent a 
quantum leap in MDV technology.  Mutants represent 
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the most direct way to identify the function of specific 
viral genes.  Mutation (or deletion) of genes associated 
with virulence represent a strategy for molecular 
attenuation of serotype 1 MDV strains and the 
production of candidate vaccine strains.  On the other 
hand, traditional but elegant technologies continue to 
be used to develop additional mutants.  For example, 
Parcells (16) reported on a group of mutants of the 
RB1B strain where green fluorescent protein was fused 
to various genes.  Interpretation of the biological data 
is difficult in the absence of rescuants but new 
information was obtained for several genes that are 
apparently not essential for oncogenicity, e.g., US2, 
pp38 and vIL8. 

Induction of host genes.  DNA microarrays or 
gene chips is a powerful new technology that was used 
to identify a number of host genes that were apparently 
induced by infection with MD virus.  Morgan reported 
that several specific host genes such as NK-lysin are 
consistently induced by MDV infection in vivo (15); 
these genes may represent targets for the virus and in 
some cases may be linked to previously identified 
quantitative trait loci (QTLs).   In most cases, the viral 
gene responsible for the induction is not known.  
However, Liu and Cheng (12), using the yeast two-
hybrid system, identified a unique interaction between 
the viral SORF2 gene and the cellular gene for growth 
hormone (GH).  The association of GH with lymphoma 
susceptibility in one of two commercial lines of 
chickens was especially intriguing and provides 
impetus to further efforts to link specific viral genes 
with specific host genes in ways that determine disease 
susceptibility. 

MHC down regulation.  Flow cytometry was 
used by Hunt (6) to show that the cell surface class I 
MHC molecules are down regulated in MSB-1 cells or 
MDV-infected OU2 cells following treatment with 
BUDR.  In both cases, down regulation was associated 
with the onset of productive infection.  Kent (8) used 
confocal microscopy to demonstrate down regulation 
of MHC class I on MDV-infected chicken embryo 
fibroblasts.  Gimeno (5) also showed down regulation 
of class I Mhc in the brain subsequent to MDV 
infection, although in this system there was very 
limited productive infection.  Down regulation of the 
Mhc may be a mechanism for the virus to evade 
cellular immune responses, but more information is 
needed to determine how this functions in practice.  

Pathogenesis and immunity.   Due to the 
development of new technologies, studies on 
pathogenesis are now often supplemented by data 
obtained by quantitative PCR assays.  Such measures 
of "viral load" are potentially a useful measure of viral 
activity in MDV-infected chickens.  However, some 
reports at the MD Symposium provided PCR data that 
did not correlate well with assays for infectious virus, 

prompting concerns about the relative sensitivity of the 
two techniques.  Quantitative PCR has a huge potential 
to add valuable knowledge, but more work will be 
needed to standardize procedures and to properly 
interpret data.  Similarly, it is perhaps disconcerting 
that techniques for viral isolation and propagation 
worked out and used successfully for 30 years are, in 
some cases, modified in ways that appear to decrease 
their sensitivity.  It may be a challenge to retain the 
knowledge developed previously in MD research and 
transfer it to new investigators. 

Macrophage function and cytokines in MD 
infection were the subject of several reports.  Schat 
(18) reported that suppressor macrophages induced by 
MDV infection can decrease, through nitric oxide 
production, the mitogenic responsiveness of 
lymphocytes as well as the replication of MDV in 
permissive cells.  Schat also reported that gamma 
interferon produced by macrophages upregulated IL8 
expression on T cells.  Kaplan and Heller found that 
interferon down regulated early viral proteins while 
Jarosinski (7) showed interferon decreased NK 
cytotoxicity.   

Immune responses in MD infection, studied by 
Markowski (13), identified gE and gI but not gD as 
potential targets for cytotoxic T cell responses.  Some 
target antigens seemed to be more important in specific 
genetic strains of chickens. 

Neurotropism of MDV was discussed by Gimeno 
(5) who presented evidence of viral DNA and antigens, 
indicating at least a limited productive infection in the 
brain 9-24 days post infection.  Effects differed with 
viral strain and with chicken strain. 

Evolution of virulence.  Continued surveillance 
of field isolates for virulence has not revealed evidence 
of major changes in the past 4 years, although modest 
incremental changes are likely.  However, some recent 
isolates may be selectively more virulent in chickens 
vaccinated with CVI988/Rispens although this 
impression is based on limited data and requires 
confirmation (20). 

Association of viral properties with virulence.  
Whereas information on relative virulence of MDV 
isolates is important and of general interest, there is no 
agreement on the methods to obtain biological data on 
viruses or on the criteria to classify viruses by 
pathotype.  Buscaglia (2) reported that a relationship 
between lymphoid organ atrophy with virulence was 
apparent with some but not all field isolates and 
concluded that this method would not be a substitute 
for traditional pathotyping.  However, the 
immunosuppressive ability varies significantly among 
different serotype 1 MDV isolates and represents an 
opportunity to better understand the role of 
immunosuppression in the disease. 
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An interesting report by Barrow (1) described the 
unique tropism of a contemporary MDV isolate, 
C12/130, for replication in macrophages.  Moreover, 
the authors implied that this property may be linked to 
increased virulence of MDV strains and may even be a 
marker for vv+ or highly virulent pathotypes.  Surely 
this will be tested soon on a larger collection of strains. 

Vaccines - recombinant and conventional.  
Interestingly, few papers discussed development of 
new MD vaccines and no breakthroughs were apparent.  
The next generation of more effective products is not 
yet apparent.   
Dudnikov (4) conducted cross protection studies with 
attenuated serotype 1 vaccine strains to show that 
autologous vaccines were no more protective than 
heterologous vaccines.  This finding suggests it may 
not be important to use contemporary, highly virulent 
strains as the starting point for future serotype 1 
vaccine development and supports the absence of 
antigenic variation among serotype 1 isolates.   
The review talk by Witter (20) reported that two new 
attenuated serotype 1 strains provided significant 
protection but were less effective than 
CVI988/Rispens.  However, the RM1 strain was 
superior to all others tested.  There was some 
indication that partially attenuated vaccines provided 
superior protection compared to fully attenuated 
viruses, but the mechanisms involved have not been 
determined.  Partial attenuation, along with synergism 
and revaccination, were identified as classical 
strategies that warranted additional effort. 
 
APPLICATIONS OF THE NEW TECHNOLOGY 

 
Recent developments in MD research are 

substantial and exciting.  Elucidation of the complete 
DNA sequences for all 3 serotypes and the 
development of cosmid clone technology that can be 
used to create specific mutations are major 
breakthroughs.  We should now be able to determine 
what genes are the most likely to have important 
functions and, moreover, be able to create the mutants 
to confirm the biological functions of specific genes.  
The implications are huge.  Through this technology 
we will not only advance our understanding of basic 
viral properties and host response but also the 
possibilities of novel vaccines.  Deletion of 
oncogenicity in low passage viruses may be an 
attractive strategy for new vaccines since such 
vaccines, compared to those attenuated by serial cell 
culture passage, may replicate better and produce a 
more robust immune response. 

Additional information on differences among 
serotype 1 strains continues to be an attractive area for 
research.  As biological properties and DNA sequence 
variations are identified, these can be screened in 

panels of field isolates representing different 
pathotypes or other characteristics.  Such panels are 
available and deserve more frequent use.  We also need 
to continue to monitor the evolution of field strains for 
virulence and other properties since a thorough 
understanding of evolution may be essential to long 
term control strategies. 

Immune response mechanisms and innate 
resistance are areas that are slowly yielding 
information that will be useful to immunization 
strategies.  This difficult area should be substantially 
assisted by the technological breakthroughs described 
above.  Similarly, host genes and genetic resistance 
represent an arena on the verge of significant 
breakthroughs.  However, it is important that this 
resistance be compatible and additive with that of 
vaccines. 

Also promising is the ability to determine the host 
genes that interact with the virus and that may 
determine disease resistance.  As QTLs and specific 
host genes are identified, some of these may well prove 
valuable to breeders in improving resistance of 
commercial lines to MD challenge.  Evaluations of 
some genetic loci are being conducted in commercial 
chicken stocks and more such studies may be 
beneficial.  It remains to be determined, however, how 
best to utilize this information in breeding programs 
and how much resistance can be added by such 
techniques.  It is also important that host gene-derived 
resistance be additive to the immunity induced by 
vaccination since it is unlikely that any genetic 
resistance will be sufficient in the absence of vaccines. 

The development of improved vaccines has 
languished in recent years but should be stimulated by 
the advent of new molecular technologies.  It is not 
enough to produce an effective vaccine - it will need to 
confer some improvement over existing products to 
have commercial value.  New vaccines are indeed 
needed, since viral virulence continues to increase and 
other control mechanisms are either too costly or 
require long periods for development.  Also, any new 
vaccine must be compatible with in ovo administration 
and the limited profit margins of the poultry industry. 
 

A VISION FOR THE FUTURE 
 

In conclusion, the MD situation appears stable and 
quiet at present.  No major virulence shifts or failures 
of existing vaccines have been noted.  Nonetheless, the 
acquisition of virulence through selection pressure by 
increasingly effective vaccines remains a major 
concern.  This prompts and justifies continued efforts 
to identify new sources of genetic host resistance and 
to develop new vaccines.  The role of industry, 
however, is critical because even now cost factors 
restrict the options that industry is willing to consider.   
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At this point there is an urgent need to focus, i.e., 
to judiciously select the most productive avenues 
among the myriad of possibilities created by the new 
technologies discussed previously.  Equally important 
is to strengthen the interface between molecular and 
classical virologists to unravel the biology of the 
expected plethora of new recombinant strains. 

Witter (20) previously invoked a battlefield 
metaphor to describe the evolutionary conflict between 
MDV and the host chicken.  The virus wins by 
mutating and because man abdicates responsibility.  
The chicken wins because man invests the funds 
needed to produce better vaccines and to provide 
barriers to limit the evolutionary drift of the virus.  
With enough resources, one might even consider 
eradication through SPF housing, transgenes or 
sterilizing immunity.  Failing this, however, a 
compromise may be the most practical solution where 
the host moderates but does not extinguish primary 
viral infection and the virus inhibits competing 
infections, as described by Lederberg (9).  Such a 
solution is evolutionarily correct and appears to serve 
the needs of both virus and host.  Perhaps man should 
attempt to facilitate such an outcome. 
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Induced molting is an important economic tool 

used by the egg industry to recycle an aging layer 
flock.    As a laying flock ages, its ability to lay eggs 
decreases (15, 13) and the decline reaches a point 
where it is no longer economically feasible to keep the 
flock in lay. At this time, the producer must decide 
whether to retire the flock and bring a new flock into 
production, or recycle the current flock to achieve a 
second, or even third, lay from the hens. In 1987, an 
estimated 60% of laying flocks nationally and 90% in 
California were recycled annually (3) and use of the 
procedure is currently estimated at 70% for flocks 
nationwide and almost 100% in California.  
Considering that there are approximately 240 million 
hens in production in the United States, a rough 
estimate of the numbers of hens molted every year 
would be between 144 and 168 million birds, a 
substantial number.  Industry estimates that fully one-
third of the profits from a flock are derived from 
molted hens (Dr. Don Bell, University of California, 
Riverside).   

There are many methods to induce molt but feed 
removal until the hens drop a specific weight is the 
most prevalent molt strategy in the U.S. (38).  
Increased body weight loss correlates with increased 
postmolt egg production and egg quality (2).  The 
flocks require 9-10 weeks before resuming optimum 
egg lay which is generally 80-90% of the maximum lay 
achieved during the initial cycle (3, 6, 7). 

While feed removal provides the benefit of 
extending the effective egg-laying life of the flock, the 
potential stress in which the hens may be subjected 
during the molt may negatively affect their health and 
wellbeing.   Research over the past 30 years has shown 
that exposure of mammals (11, 14) and birds (5; 1981) 
to deficient diets results in diminished immune 
responsiveness in those individuals.  Experiments in 
our laboratory showed that molting hens through feed 
withdrawal altered their immune responsiveness.  
Antibody responses remained largely unaffected while 
cell-mediated immunity, as indicated by three different 
tests, was significantly depressed (17).  Total 
peripheral blood lymphocyte numbers were 
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significantly decreased in molted birds (17) and a flow 
cytometric examination of the lymphocyte subsets 
showed that the CD4+ T cells, the helper T cell subset, 
was significantly decreased in these birds (18).  This 
lymphocyte population is very important in protecting 
the body against infectious agents as witnessed by the 
devastating consequences when viruses infect and 
destroy this cell in diseases such as AIDS. 

The discovery that the immune system in molted 
hens was compromised therefore prompted an 
investigation into the effect of the procedure on the 
progression of an infection.  Salmonella enteritidis 
(SE) was the organism chosen for the studies since SE 
is primarily a layer industry problem (8, 9, 10, 16, 34), 
molting is primarily a layer industry procedure (3), and 
cell-mediated immunity is important in protecting 
against a Salmonella infection (12, 27).  The organism 
therefore appeared to be the most appropriate choice 
for the study, directly addressing potential industry 
problems. 

As was observed with the immune system, 
responses of molted birds to SE infection were also 
affected - hens exposed to an exogenous source of SE 
concomitantly during molt induction exhibited a much 
more severe infection as compared to their unmolted 
counterparts. The intestinal shed rate was higher in 
these birds (24, 25, 20), these hens also shed more 
organisms (19,24, 25,21,20), exhibited significantly 
more intestinal inflammation, primarily in the colon 
and cecum, due to the infection (1, 24, 20, 28, 29), 
were 100-1000-fold more susceptible to an SE 
infection (19, 21), and readily transmitted SE 
horizontally to birds in adjacent cages (20) and to birds 
via the airborne route  (23). Molting also caused the 
recurrence of a previous SE infection (26) indicating 
that the procedure can significantly affect an SE 
infection at different times in the infection cycle. 

The realization that a very important economic 
tool of the layer industry exacerbated an SE infection 
in hens prompted research into methods to ameliorate 
the situation through alternate methods of inducing a 
molt.  A low-energy, low-calcium diet, shown 
previously to cause an egg-lay pause in hens (31), was 
the first molt procedure, alternative to feed removal, 
which was investigated with respect to their relative 
effects on an SE infection.  Birds on the molt diet shed 
less SE, were less susceptible to an infection by this 
pathogen, and exhibited less intestinal inflammation, 
compared to the fasted birds (21).   These results 
indicated that low-nutrition diets may allow producers 
to recycle their aging hens without the radical 
exacerbation of an SE problem observed during feed 
removal.  A comparison of effects of several other molt 
procedures alternative to full feed withdrawal have 
since been conducted.   The emphasis of the studies 
was to test whether providing hens full access various 

feed ingredients, which lack the energy and nutrients 
necessary to maintain egg lay, would provide the 
necessary bulk to help keep the intestine full.  Soybean 
hulls, cracked corn, or wheat middlings were 
administered ad libitum to hens and reduced SE levels 
were observed in all 3 groups.  However, hens 
administered wheat middlings, a by-product of wheat 
processing, exhibited the most pronounced SE 
reductions.  Fecal excretion of SE was significantly 
decreased in these hens compared to the full feed 
withdrawal group, and this was observed by 3 days 
post challenge and continued at days 10 and 17 (33).  
Significantly lower liver/spleen and ovary levels were 
observed at day 7 post challenge in the wheat middling 
group of hens and, in one trial, 62% of ovaries from 
full feed withdrawal hens were culture positive for SE 
while no SE could be detected in the wheat middlings 
group of hens.  Egg lay generally ceased within 7 days 
of wheat middlings administration, indicating that use 
of this product may have commercial applications, but 
this will have to await full-scale field trials to 
determine just how economically feasible the use of 
wheat middlings may be in a commercial setting.   
Intervention strategies such as antibiotics (32) and 
vaccination (Holt, unpublished data 2000) have also 
been shown to reduce intestinal shedding and internal 
organ contamination by SE in hens undergoing molt.  

Much attention has been paid by government and 
nongovernment groups in recent years to the possible 
link molting may have with human SE outbreaks.  The 
FSIS SE Risk Assessment task force listed molting as a 
significant variable in its risk assessment document 
(37), and Objective 7.1.1 of the President's Council on 
Food Safety Action Plan (1999) identified the need for 
more research on molting and its relation to SE 
prevalence.   The animal welfare groups have weighed 
in heavily against molting.   United Poultry Concerns 
and the Association of Veterinarians for Animal Rights 
submitted petitions to the USDA and the FDA to ban 
molting based on both welfare and food safety issues.  
Further, a bill was recently presented before the 
California legislature to ban molting based on similar 
grounds.  Two areas continue to come to the forefront 
with regards to molting: welfare and food safety.  The 
welfare aspects of molting, while an important concern 
and possibly germane to the susceptibility of hens to 
infectious agents such as SE, will not be addressed in 
this paper.   The question that arises then "Is molting a 
food safety issue?"  The answer is maybe, maybe not.  
Experimental studies provide overwhelming evidence 
that molting has a significant impact on an SE infection 
in hens.  However, caution should be exercised before 
extrapolating the results derived from the laboratory to 
on-farm experience.  Actual results from the field will 
provide a more complete picture and some recent 
studies do provide insight into possible effects of 
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molting on commercial flocks.  Swayne et al (35) 
observed that intestinal spirochete infections were 
more severe in molted hens, indicating that, similar to 
what was observed experimentally for SE, molting 
upset the equilibrium normally attained between the 
host and that parasite.  A study conducted by the SE 
Pilot Project in Pennsylvania (36) showed that the 
production of eggs contaminated with SE increased 
during the molt and prompted the authors to categorize 
molting as a risk factor for SE.  The recent 
USDA/APHIS National Animal Health Monitoring 
System Layers 99 study showed a 9-fold increase SE 
recovery in the environment of molted hens 1-16 
weeks post molt (39). However, this study only 
provides a snapshot of molting as it relates to an SE 
infection - no prior knowledge of the SE situation in 
the houses will be known.   It is therefore crucial for 
the egg industry, the consumer, and the regulatory 
agencies to ascertain the role, if any, molting plays in 
the current egg-borne outbreaks of human SE 
infections occurring in this country. This can only be 
determined through in-depth surveillance on the farm.   

So what needs to be done?  First, determining 
whether molting does indeed have an effect on the 
flock SE situation is a major priority.  Along with this, 
the type of molt needs to be defined: short feed 
withdrawal with a possible skip-feed regimen, full feed 
withdrawal for 1-2 weeks, or feed restriction to achieve 
a particular body weight loss.  This will tell us whether 
1) molting affects an SE infection and 2) the relative 
effect each procedure has on the SE situation.  Second, 
if molting does impact a flock SE problem, it is 
important to determine what risk factors/prevention 
strategies may affect the SE outcome: house size, flock 
age, manure handling, rodent and fly situation, 
vaccination, and biosecurity, to name a few.  If these 
can be identified, it may be possible to implement 
intervention strategies to reduce or eliminate SE 
problems which may occur during molt. 

In closing, it should be emphasized that the SE and 
molting question will not go away on its own.  More 
pressure will be brought to bear by the welfare groups 
and consumer groups will inevitably become involved 
in the future.  Sooner or later the FDA will be forced to 
implement rules to regulate molting.  These regulations 
can either be based on facts obtained from earlier 
studies, the bulk of which are experimental and reflect 
poorly on molting, or from actual studies on the farm 
under real-life commercial settings.  It is crucial that 
this food safety issue be resolved soon or the layer 
industry stands to lose an important management tool. 
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Two thousand eight hundred and fifty four 
samples of poultry meat, rinse water of chicken 

carcasses, fluff, environmental samples, and samples 
collected from diagnostic accessions were tested for the 
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presence of Salmonella over a period of 15 months 
during 1999 and the first quarter of 2000.  Three 
hundred and seventy seven samples were found to be 
positive (13.21%) and 87.79% were negative for the 
Salmonella.  Of all Salmonellas about 98% belong to 
somatic serogroup B & C and the remaining to D, E, 
and K.  One hundred Salmonella specimens were 
serotyped.  Of those 26% were S. heidelberg; 23% S. 

kentucky; 12% S. montevideo; 5% each of S. infantis 
and S. enteritidis; 4% each of S. typhimurium, S. ohio, 
S. thompson, S. cerro and S. hardar; 3% S. mbandaka; 
2% S. seftenberg and 1% each of S. indiana, S. saint 
paul, S. instanbul and S. berta.  To further summarize, 
15 species of Salmonella were identified from poultry 
in the proportion given above. 

 
  

TRENDS IN SALMONELLA DECONTAMINATION OF POULTRY 
FEEDS IN EUROPE 
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Feeds traditionally have been a high-risk source of 

Salmonella contamination for poultry.  In Europe the 
trend now the use of heat to decontaminate finished 
feeds and this is mainly driven by consumer 
(supermarket) demand.  For "Salmonella Kill" two 
main processes are being used; long term conditioning 
(LTC) and anaerobic pasteurization conditioning 
(APC).  Typically LTC is 86ºC for 5 minutes and APC 
82ºC for greater than 2 minutes for parent stock feeds.  
Technical difficulties include quality controlling these 
processes, nutrient and digestibility changes, 
throughput and the prevention of recontamination until 
presentation to the chicken.  Initial investment is high 

but the processes are now considered proven and 
reliable. Initial validation of the ability of a 
process/plant to kill salmonella kill is usually done by 
microbiological enumeration studies on feed.  
Processes are quality controlled by monitoring feed 
temperature time conditions.  Short term conditioning 
(STC) of feeds is used for "Salmonella knockdown" at 
broiler level although some producers are now using 
Salmonella kill processes for broiler feeds developing 
meat products that are marketed directly to consumers 
(via television advertisements) as Salmonella free (and 
even Campylobacter free). 
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The animal and public health problems related to 

Salmonella in poultry have increased to such an extent 
that they have become major political issues, of which 
the general public has become very aware. This 
problem has indicated to industry and government 
agencies an increasing requirement for effective 
measures to control the infection. In Germany 
according to Poultry Salmonella Order from 1994, the 
commercial pullets should be obligatorily vaccinated 
against Salmonella. Till mid 2000 only live Salmonella 
typhimurium (ST) as well as ST and S. enteritidis (SE) 
inactivated vaccines were licensed in Germany and are 
 

 
being used extensively in the field. The protection 
against SE in many cases, where ST live vaccines were  
used alone was not sufficient enough. This forced the 
industry to develop SE live vaccine. The present 
investigation was carried out to estimate the efficacy of 
SE live and inactivated vaccine in layer flocks under 
field condition.  

In the present investigation 12 layer flocks, with 
35000 to 75000 birds per flock, kept on farms with 
floor and/or free range rearing form, with SE infections 
history, although ST live vaccines were used for 
several years before were included. The birds were 
vaccinated twice with SE live vaccine (Salmovac SE, 
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DT Impfstoffwerk, Dessau-Tornau GmbH, Germany) 
at 2nd and 16th days of age via drinking water (the 
vaccine is licensed in Germany since mid 2000) and 
then once between 15th and 16th weeks of age with 
inactivated SE vaccine (Salenvac, Intervet). Fecal 
samples were collected at 3 to 5 week intervals starting 
from first day of age till 72nd week of age (end of the 
production) and bacteriologically examined for 
Salmonella. In addition, 60 birds at 20th and some 
flocks at 30th and 40th weeks of age were collected 
from each flock, humanly killed, and examined for 
Salmonella. 

SE vaccinal strain could be detected in some 
flocks till 21 days post vaccination. From the first 7 
vaccinated flocks SE could be detected in two flocks at 
week 20, re-examination of those flock at several 
intervals till the end of production period revealed 
negative results.  

In 4 out 5 flocks (still in production) SE could be 
detected. In flock 9, S. agona as well as SE were 

detected at week 55. In flock 10, SE was isolated at 
first day of age and the flock remained positive by 
week 53. In the flock 11, SE was isolated at first day of 
age. At 20th weeks of age S. agona could be isolated 
but SE could not be redetected till 46th week of age. In 
flock 12, SE could be isolated at 30th and 40th weeks of 
age. 

The results indicate, that the application of live 
and inactivated vaccines together with improvement in 
the production hygiene, have been remarkably 
successful and have resulted in a marked decline in 
salmonella at least in the first 7 vaccinated flocks. In 
birds previously infected with a field Salmonella strain 
(at first day of age), the vaccine did not eliminate the 
infection. It seems to be, that the use of the vaccine 
might send the wrong message, since the salmonella 
detection rates were increased in the last four 
vaccinated flocks. In conclusion, vaccination must be 
considered as an important support to good hygiene 
and husbandry practices in all production systems. 
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INTRODUCTION 
 

Vaccination of commercial layers to aid in control 
of Salmonella enteritidis (SE) has been an option for 
the layer industry for a number of years.   The 
commercial egg producer in the United States now has 
both SE bacterins and modified live Salmonella 
typhimurium (ST) vaccines available with which to 
immunize leghorn pullets.  Experimental studies have 
shown that both SE bacterin (4) and live ST vaccinated 
birds (6) have less fecal shedding, less colonization of 
the internal organs, and reduced egg contamination.  
This large commercial study compared three different 
commercial Salmonella vaccines (two SE bacterins and 
one live ST vaccine).  Serum and egg yolk SE antibody 
levels were monitored throughout lay with the enzyme-
linked immunosorbent assay (ELISA from IDEXX, 
Westbrook, ME) for the detection of antibodies to 
Salmonella enteritidis.  The challenged birds consisted 
of 25 hens from the various vaccination groups, 
including non-vaccinated controls.  The hens were 
removed from the lay houses at 63 weeks of age, taken 
to a laboratory and orally challenged with a phage type 
13a SE inoculum.  Bacteriological sampling of ceca, 

intestines and internal organs for the presence of SE 
was conducted.  
 

MATERIALS AND METHODS 
 

Study design. A large U.S. commercial layer 
company cooperated in this study.  The company uses 
an in-house vaccination crew for all of their vaccine 
administrations.  Eighty commercial leghorn pullets 
were assigned to each vaccination group in a tiered 
cage pullet house. Cages were assigned randomly 
throughout the house for the respective vaccination 
groups.  The pullet farms were confirmed to be SE 
negative on environmental testing prior to vaccination 
of the pullets.  The pullets were moved to SE negative 
lay houses in several geographic regions.   

Vaccines evaluated. Two commercial oil 
emulsion SE bacterins and one live gene-deleted ST 
vaccine were evaluated.  Bacterin A was administered 
once intramuscular in the leg and Bacterin B was given 
once subcutaneous in the inguinal fold. Both bacterins 
were administered at 13 weeks of age.  The live ST 
vaccine was administered by coarse spray at 2, 4, and 
14 weeks of age.  
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Serology. Twelve blood serum samples were 
taken from each of the vaccinated groups at various 
times throughout lay to assay their serum SE antibody 
levels.   The bacterin vaccinated groups were sampled 
at 12 weeks (pre-vac sample), and at 16, 22, 28, 34, 40, 
52, and 62 weeks of age. The live ST vaccinated group 
was sampled at 13 weeks (prior to the 14 wk vac), then 
at 16, 22, 28, 34, 52, and 70 weeks of age. 

Egg Yolk Antibody Assay. Yolk was assayed 
from 12 eggs per treatment group at 40 and 62 weeks 
of age. The yolk was diluted 1:2 upon harvesting to 
prevent gelation during extended low-temperature 
storage.  Samples were then sent to IDEXX 
Laboratories for the FlockChek SE assay.  The ELISA 
test is a g.m. flagellin-based test utilizing the microtiter 
wells coated with purified SE antigen.  The yolk 
sample was diluted 1:10 with sample diluent and mixed 
well before pipetting into the microtiter wells.  

Challenge study. At 63 weeks of age 25 hens 
from each of the three vaccinated groups along with 25 
non-vaccinated hens (controls) were transported to the 
Fort Dodge Animal Health laboratory at Fort Dodge, 
IA.  The four groups of commercial hens along with 
another control group of 25 SPF leghorns were 
challenged by oral gavage with a 1.32 x 107 cfu per 
dose of a nalidixic acid resistant strain of SE phage 
type 13a (FDAH 1105-03). All birds were observed for 
7 days post-vaccination for any clinical signs of 
disease. At the end of the 7-day period all surviving 
chickens were necropsied and examined grossly for the 
presence of visible lesions. 

Bacteriological examination of tissue samples. 
Approximately one gram each of the ovary, oviduct 
(infundibulum, magnum, isthmus and uterus), spleen 
kidney, and liver were aseptically obtained from each 
bird.  Tissues obtained from each bird were pooled 
(ovary and oviduct in pool 1; spleen, kidney and liver 
in pool 2).  Pools were placed in sterile whirl pak bags 
and then transferred to the lab.  Ten milliliters (10 mL) 
of BGTB (Brilliant Green Tetrathionate) Broth) was 
added to each bag and the contents were macerated in a 
Stomacher blender for a period of 30 seconds.   The 
bags were incubated for 24 hours at 370 C. 

A 10 mm sample of the duodenum (bottom of the 
duodenal loop below the pancreas), jejunum (region of 

the yolk sac diverticulum), and the ileum (anterior to 
the ileocecal junction) was aseptically collected from 
each bird, flushed internally and externally with sterile 
PBS (pH 7.2), pooled (pool 3), and processed similarly.  
The bags were incubated for 24 hours at 420 C. 
  After 24 hours of incubation, a loopful from each 
whirl pak bag culture was streaked onto brilliant green 
agar containing a 100ug/mL nalidixic (BGAN) and 
onto xylose-lysine tergitol 4 agar (XLT4).  Plates were 
examined after 24 hours of incubation at 370 C.   If SE 
grew on either of the plate media, the pool was 
considered positive.  If plates were negative on the 
initial culture, plates were restreaked from the whirl 
pak bag culture (48 hrs. incubation) and incubated at 
370 C.   

Cecal contents were collected from each bird (pool 
4) and placed in a whirl pak bag.  The net weight of the 
contents of each bag was determined by weighing on a 
tare-adjusted balance.  Sterile PBS (pH 7.2) was added 
to each bag in the ratio of 100 ml PBS per gram of 
cecal contents.  The contents were plated on duplicate 
plates of BGAN.  The plates were incubated for 24 
hours at 370 C.  Growth of SE on either of the plate 
media was considered positive. 

An agglutination test with group D Salmonella 
antiserum was performed on at least one colony per 
plate from all positive plates to confirm the presence of 
a group D Salmonella species. 
  

RESULTS 
 

Serum antibody assay.  The live ST group which 
had been vaccinated by coarse spray at 2 and 4 weeks 
were serum antibody negative at 13 weeks prior to their 
3rd spray vaccination at 14 weeks (Table1).  This group 
was 91% positive at 16 weeks, 2 weeks after their 3rd 
vaccination with live ST.  Antibody titers continued to 
drop from this point in time throughout lay in the live 
ST vaccinated birds.  At 34 weeks (peak production) 
50% of the ST vaccinated birds were SE positive and at 
70 weeks only 17% of the birds were SE positive.   The 
Bacterin A and Bacterin B groups were 100 and 91% 
positive respectively at 16 weeks (3 weeks post 
vaccination) and remained 80 to 90% SE positive 
through 63 weeks of age.     

 
Table 1. 12 birds from each group were assayed for serum antibodies at various times throughout lay.  
     
Age Wks     13              16             22        28           34             40         52            62             70                 
Bact A 0 100 100 92 90 82 92 83 NT 
Bact B 0 91 92 83 83 90 92 100 NT 
Live ST 0 91 83 58 50 NT 21 NT 17 
                                                                             % Positives on SE ELISA Test 
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Detection of Egg Yolk SE antibodies. Egg yolk 
was tested at 42 and 62 weeks of age from each 
vaccination group as well as the non-vaccinated 
controls (Table 2).  Both bacterin vaccinated groups 

were 80 to 90% ELISA positive at 42 and 62 weeks of 
age while the live ST group were 27% and 53% ELISA 
positive at the same respective ages.     

 
Table 2. Yolk from 12 eggs in each group was assayed twice during lay. 
                Age                              42 wks                       62 wks 
Bacterin  A 80 87 
Bacterin  B 80 93 
Live ST Vac 27 53 
Non-Vac Controls 0 0 

% Positives on SE ELISA Test 
 
Ref. Table 3. 

Recovery of SE post challenge.   SE isolation 
rates from the ceca, intestines, organs, and reproductive 
tracts from five groups of birds were analyzed. Birds 
vaccinated with either Bacterin A or Bacterin B had 
significantly lower isolation rates from the intestines 
than the Live ST product, significantly lower isolation 
rates from the intestines and organs than the field 
controls, and significantly lower isolation rates from 
the ceca, intestines, and organs than the SPF controls.  
There was no significant difference between Bacterin 
A or Bacterin B across all comparisons.  There was no 
significant difference in isolation rates from the 
reproductive tract across all five groups.  A description 
of the complete analysis follows. 

Recovery of SE from ceca. The isolation rates 
from the ceca were significantly lower in the bacterin 
vaccinates compared to the SPF controls (RR 0.04, 
95%CI 0.01, 0.30).  There was a borderline non-
significant difference in the SE isolation rates between 
the bacterin vaccinates and the Live ST vaccinates (RR 
0.14, 95%CI 0.02, 1.08).  There was no significant 
difference in the rate of SE isolation between the two 

bacterin vaccinates or the bacterin vaccinates and the 
field controls. 

Recovery of SE from intestines. The isolation 
rates from the intestines were significantly lower in the 
bacterin vaccinates compared to the Live ST vaccinates 
(RR 0.33, 95%CI 0.12, 0.89), the field controls (RR 
0.26, 95%CI 0.10, 0.67), and the SPF controls (RR 
0.17, 0.07, 0.43).  There was no significant difference 
in the rate of SE isolation between the two bacterin-
vaccinated groups.   

Recovery of SE from organs. The isolation rates 
from the organs were significantly lower in the bacterin 
vaccinates compared to either the field controls (RR 
0.28, 95%CI 0.11, 0.72) or the SPF controls (RR 0.18, 
95%CI 0.07, 0.45).  There was a borderline non-
significant difference in the SE isolation rates between 
the bacterin vaccinates and the Live ST vaccinates (RR 
0.40, 95%CI 0.14, 1.11).  There was no significant 
difference in the rate of SE isolation between either 
bacterin vaccinated groups.   

Recovery of SE from the reproductive tract. 
There was no difference among any of the groups in 
the rate of SE isolation from the reproductive tract. 

 
Table 3.  Birds were orally challenged with pathogenic SE at 63 weeks of age. 

 
_____         % SE Culture Positive Birds____________________ 

 
Group No. Treatment Ceca Intest Pool Organ Pool Reprod Pool 
1 Bacterin A 1/25 (4%) a  4/25 (16%) a 4/25 (16%) a  0/25 (0%) a 
2 Bacterin B 1/25 (4%) a 3/25 (12%) a 2/25 (8%) a 1/25 (4%) a 
3 Live ST Vac 7/25 (28%) a 12/25 (48%) b 10/25 (40%) a 2/25 (8%) a 
4 Field Control 3/26 (12%) a 16/26 (62%) b 15/26 (58%) b 3/26 (12%) a 
5 SPF Controls 23/25 (92%) b 23/25 (92%) b 22/25 (88%) b 3/25 (12%) a  

 
DISCUSSION 

 
The bacterin vaccinated birds elicited a strong and 

long lasting humoral antibody response, maintaining 
80-90% positive on the ELISA through 62 weeks.  The 
antibody response to the live ST vaccine was much 

weaker and titers depleted much more rapidly. Since 
immunity against Salmonella infection also includes a 
cell-mediated or mucosal component, measurement of 
circulating antibodies alone can be an uncertain value 
as indicators of overall protection. Therefore as an 
important part of this study it was necessary to evaluate 
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protection of each vaccinated group in the face of an 
SE challenge in late lay and compare that protection to 
both non-vaccinated field controls (same house) and 
SPF controls. 

Egg yolks are an alternative source of antibodies 
that can be measured by methods similar to those 
applied in serum (2,3). In addition, obtaining egg yolk 
samples requires less labor and eliminates stress on the 
birds. Sampling egg yolks could be another way to 
either monitor proper vaccine administration or in non-
vaccinated flocks, to detect field exposure to wild 
strains of SE. In this study, the ELISA test was used to 
measure the level and duration of specific SE 
antibodies in the yolk in response to vaccination.  Since 
the ELISA is a g.m. flagellin based test, other 
Salmonella serotypes that share the epitopes of g.m. 
flagellin can potentially yield positive results.  To 
assure that the non-vaccinated birds did not have 
elevated anti-SE antibodies, eggs were sampled from 
the controls at 42 and 62 weeks of age.  Egg yolk 
antibody levels in this study were found to closely 
mirror serum antibody levels throughout lay in both the 
live ST and killed SE groups. 

Holt and co-workers have shown in the laboratory 
the inhibitory effect of SE growth in egg yolk from 
hens that were vaccinated with a SE bacterin (6).  The 
inhibitory effect of SE antibodies was found to be 
specific for the SE organism and could potentially 
serve as a protection to the consumer should eggs be 
mishandled before consumption.   The effect of 
vaccination on growth inhibition of SE in egg yolk was 
not included in this study. 

As the commercial layer goes beyond peak 
production and into late lay it becomes more difficult 
to infect her with Salmonella enteritidis.   This 
resistance could be a result of exposure to various non-
pathogenic Salmonella during lay and the production of 
cross-reactive antibodies that may neutralize SE to 
some degree.   Therefore, the commercial layer in late 
lay becomes a poor model for a challenge study.  To 
demonstrate differences in protection between the 
controls and the vaccinated birds an unusually high 
challenge of highly pathogenic SE at a dose of 1.32 x 
log 107 cfu was given by oral gavage.   

The live ST vaccinated group did not protect 
against challenge as well as the bacterin vaccinated 
birds but this extremely high artificial challenge is 
unlike that which occurs in a commercial lay house.  
One would expect the live ST vaccinated birds to 
protect better in a lower challenge setting.  It is 
important to note that the SE bacterin birds protected 
against intestinal shed significantly better than the live 
ST vaccinated group in the face of severe challenge.  
The bacterins similarly protected better against SE 
recovery from the ceca and organs except for a 
borderline non-significant difference between the 

bacterins and the live ST group. One could presume 
that less fecal shedding and contamination of the 
environment would occur in the bacterin vaccinated 
birds in the face of challenge.  Davison and co-workers 
showed that SE positive farms could be returned to SE 
negative status by vaccination of flocks with a SE 
bacterin (1).  Recovery from the reproductive tract was 
low in all groups (0-12%) whether the birds were 
vaccinated or not.  This demonstrates why recovery 
from SE in the eggs as a means of monitoring SE status 
in a flock is not a very reliable method. 

Vaccination of flocks as a preventative method in 
the control of Salmonella enteritidis in commercial 
layers has shown to be a sound approach.  A 
vaccination program will only be successful if all of the 
other intervention measures are in place; including 
biosecurity, clean chick source, clean feed and water, 
proper dead bird disposal, and good rodent and insect 
control. The convenience and ease of administration of 
live vaccines by mass application through spray or 
drinking water is appealing as compared to the 
injection of SE bacterins.  It would appear from this 
study that to get similar protection from live vaccines 
as compared to bacterins, one would be required to 
give multiple booster vaccinations throughout lay to 
maintain the same level of protection.  Some studies 
have shown that administering live ST vaccine early in 
the bird’s life to prime the immune system followed by 
the SE bacterin prior to lay could be a valid approach. 
(7).  The live/killed vaccination program was not 
evaluated in this study. More responsibility will 
certainly be put on the producer of meat and egg 
products to assure a safe and pathogen-free product to 
the consumer.  Vaccination programs to prevent SE 
will become an integral part of the Salmonella 
prevention management on commercial layer farms. 
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Salmonella enteritidis is not considered to be a 
significant cause of morbidity or mortality in 
commercial layer flocks. The major threat to the 
producer is that the farm will be implicated in a trace 
back investigation following a human illness due to S. 
enteritidis and the associated cost in fulfilling the 
regulatory compliance. For the industry as a whole 
there is the negative publicity from the public 
perception that eggs are linked to human salmonellosis. 
This risk associated public perception could translate in 
to a financial loss for the egg industry.  Alternatively, if 
the producer chooses to implement a S. enteritidis 
control program, there may be a reduced risk of human 
salmonellosis, improved consumer confidence and the 
industry will benefit from sustained product demand 
and financial gain.  However, implementing a S. 
enteritidis control program in a commercial layer flock 
is not simple and it could certainly increase production 
costs. There is no previous documentation dealing with 
the economic impact of the S. enteritidis control 
program. The purpose of this paper is to present two 
cost estimates: 1) a S. enteritidis control program for 
the California Egg Industry and 2) the loss of income 
incurred by a producer in the absence of a S. enteritidis 
monitoring program based on a retrospective study. 
 
COST ESTIMATES FOR CONTROL PROGRAM 

 
The limitations in estimating costs for a S. 

enteritidis control program stem from the many 
variations in flock sizes, age, type of housing and 
equipment, environmental conditions, and management 
practices. However, the great majority of California 
producers have joined the California Egg Quality 

Assurance Plan (CEQAP) and subscribe to common 
basic core program components. Therefore in 
estimating costs, components such as cleaning and 
disinfection, rodent control and testing for S. enteritidis 
etc. are required by the plan and assumptions are made 
that they are practiced by all participants. It is 
recognized that these farm practices existed long before 
the S. enteritidis problem but producers became more 
vigilant following the implementation of CEQAP. Cost 
estimates for rodent control and cleaning and 
disinfection were based on 2 companies’ expenditures: 
a large company with a capacity of 1,776,900 birds, 
and a mid size company with a capacity of 63,000 
birds.   

Assumptions. There are 32 companies, 100 farms, 
1000 houses with 23 million laying hens in California 
with an average of 23,000 birds per house.  Eighty five 
percent of the companies hire veterinarians; and 25% 
of the annual veterinary services, 50% of the rodent 
control and 25% of the cleaning and disinfection 
efforts are estimated for a S. enteritidis control 
(monitoring) program. Eight percent of the laying hens 
are vaccinated.   

The cost of not monitoring for S. enteritidis.  
When shell eggs are implicated in human 
salmonellosis, a trace back investigation is initiated by 
regulatory agencies. The cost of compliance with the 
regulatory protocol is very expensive because eggs are 
diverted to pasteurization or the infected flock is 
depopulated. Unlike some of the zoonotic diseases 
such as brucellosis and tuberculosis in cattle, there are 
no indemnities paid if the producer chooses to 
depopulate the infected flock. If the producer chooses 
to divert eggs for pasteurization the shell egg premium 
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will be lost (by as much as 50%). Indirect income 
losses to the producer include lack of replacement 
pullets for example, if replacement pullets are not 
planned several weeks in advance the producer may 
incur cost of idle capital; other indirect costs may 
include the cost of purchasing eggs in the open market 
to fulfill existing contract obligations. Other costs 
include laboratory testing, liability claims, increased 
insurance premiums, decreased consumer confidence, 
etc. 
 

INCOME LOSS ASSOCIATED WITH S. 
ENTERITIDIS PHAGE TYPE 4 OUTBREAK IN 

COMMERCIAL LAYER CHICKENS (19 
MONTHS FOLLOW UP) – 

A RETROSPECTIVE STUDY 
 

In May of 1994 S. enteritidis phage type 4 (Se 
PT4) was isolated from five of six 27-week old layer 
chickens submitted for necropsy from a flock of 
43,000. Bacteriologic and epidemiological 
investigations on the farm revealed that 5 of the eight 
flocks (n=176,000) were infected. The prevalence of Se 
PT4 in randomly selected healthy birds ranged from 
1.7% (cage birds) to 50% (free range birds) and the 
prevalence in culled birds (kept in dirt floor houses) 
ranged from 14 to 42%.  The estimated overall 
prevalence of group D Salmonella was 2.28 per 10,000. 
The estimated prevalence of group D Salmonella in 
eggs from caged birds in three infected houses ranged 
from 1.5 to 4.1 per 10, 000, whereas in 2 houses of free 
range birds, prevalence was 14.9 to 19.1 per 10,000. 
Three of the 8 flocks on the farm remained negative for 

Salmonella throughout the observation period (May 
1994 to December 1995). The producer voluntarily 
diverted eggs for pasteurization and there was no 
human illness associated with this outbreak and no 
trace back investigation was initiated. 

Estimated loss of income associated with Se 
PT4. The different age layer flocks were kept in 8 
different houses and produced regular or specialty type 
eggs. For estimating loss, one price was chosen for all 
the eggs (large price +50 Cents) produced on the farm. 
At the start of the outbreak egg production was about 
92% and a mortality of 0.2% per week was estimated 
thereafter until the flock was removed or marketed. 
Three flocks were never infected during the 
observation period (19 months). The other flocks 
became positive intermittently and eggs were treated 
according to protocol. This entailed testing 1000 eggs 
from a positive flock four times (every 2 weeks). 
During this testing period, eggs were diverted to 
pasteurization. If eggs became negative for four 
consecutive times, the producer was allowed to sell 
shell eggs and the flock was monitored for the rest of 
the production life by sampling 480 eggs every 3 
months. If at any time eggs became positive, diversion 
to pasteurization would resume and eggs would be 
tested every 2 weeks (1000 eggs per house). The net 
loss from each flock was calculated by subtracting the 
sum of the sampling cost and the income from 
pasteurized eggs from the original value. Diverted eggs 
were estimated to be 50% of the shell egg price (Table 
1).  At the start of the outbreak the producer opted to 
hire a veterinarian and additional cost was incurred. 

Annual Se monitoring cost estimates for the state of California Egg Industry 
Cost of S. enteritidis testing 
16 swabs per house (4 pools), 10 houses per farm 
$45/per pool, for 1000 houses 
= $45 X 4 X 1000 

 
$180,000 

  
Cleaning and Disinfection 
$1927 per house (25% estimated for the Se program) 
= $1927 X 1000 (25%) = $481,750 (18 months) 
For 12 months = 67% ($481,750) 

 
$322,772 

  
Rodent Control 
$1327 per Farm (50% estimated for the Se program) 
= $1327 X 100 (50%) 

 
$66,350 

  
Vaccination for S.enteritidis 
14 Cents per bird, 8% of 230,000,000 birds 
$0.14 X 1,840,000 

 
$257,600 

  
Consultation/Professional fee, $12,000/year/company (25% 
est., for SE) 
32 companies, 85% hire veterinarians = 27 
$3000 X 27 

 
$81,000 

  
Total $907,722 
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  Table 1. Estimated Loss of Income (US $) Associated with Se PT4 Infection of Laying Flocks 
Flock # Original Value 

of Eggs 
Cost of eggs used for 

testing 
Net Value of 

eggs 
Income from 

Eggs 
Net Loss 

1 1,493,957 1,253 1,492,704 156,250 1,337,706 

2 761,830 844 760,986 94,344 667,486 
3 Not 
infected 387,147 407 386,740 386,740 407 
4 Not 
infected 246,842 329 246,513 246,513 329 
5 Not 
infected 1,200,175 329 1,199,846 1,199,846 329 

6 305,779 1,274 304,505 32,212 273,567 

7 76,061 960 75,101 12,026 64,034 

8 63,953 1,148 62,805 10,400 53,553 

Total 4,535,744 6,544 4,529,200 2,138,331 2,397,413 

Total Net Loss= Original value-income from diversion=(4,535,744-2,138,331)=2,397413  
Other Costs: 
                                            Flock Vaccination Cost (SE)                                 $ 2,195 
                                             Professional fee                                                     $ 4,500 

Grand Total                                                                                                 $2,404,108 
 

Laboratory costs related to the outbreak: 
Collection of Samples (time) 
31 trips, 3hrs each trip, $100/hr = $300 X 31 

 
$9,300 

  
Cost of necropsy and Salmonella culture of laying hens: 
655 birds @ $30 per bird 
@ 5% positive for group D Salmonella 
33 isolates serotyped ($12 each) and phage typed ($11 each) = 33 X $23 = 

 
$19,650 
 
 
$759 

  
Cost of environmental testing: 
Drag swabs 180@ $45 each 
13% (23 isolates) serotyped at $12 each 

 
$8,100 
$276 

  
Rodent and other feral animal sample culture 58@ $30 each 
Group D Salmonella was serotyped ($12 each) and phage typed ($11 each) 
12 isolates @ $23 = 12 X 23 

$1,740 
 
$276 

  
Feed Samples 7 @ $30 each 
One isolate of Salmonella serotyped @ $12 each 

$240 
$12 

  
Tank Water samples 8 @ $30 each 
Cost of serotyping 6 isolates ($12 each) 

$240 
$72 

  
Cost of testing eggs 
85,360 eggs, pool of 20 eggs 
4268 pools @ $17 per pool 
4268 X $17 = 
Cost of serotyping and phage typing = $23 each 
58 group D Salmonella isolates = $23 X 58 

 
 
 
$72,556 
 
$1,334 

  
Cost of testing Moore swabs (creek water) for Salmonella 
40 swabs @ $30 each = 
68 Salmonella isolates were serotyped 68 @ $12 each 
Total 4 Salmonella enteritidis were phage typed 4 @ $11 each 

 
$1,200 
$816 
$44 

  
Total $116,585 
  
Grand Total $2,520,693 
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CONCLUSION 
 

The S. enteritidis monitoring cost estimates 
outlined in this study would pale in to insignificance 
should the egg industry experience negative consumer 
confidence like what occurred in Europe in the 1980’s. 
The 1994 Se PT4 outbreak in California caused 
significant financial loss to a producer and resulted in 
an estimated additional $5 million loss to the industry 
due to a short-term trade embargo. It has also alerted 

the California Egg Industry to reinforce the importance 
of the Se monitoring program. It is imperative for the 
producer to weigh all the decision-making factors 
whether to divert eggs or not. In this study the producer 
took a great risk and allowed the sampling process to 
continue in the hope that eggs would be negative. The 
loss would have been greatly reduced should he 
discontinued sampling of eggs and decided to 
depopulate the flocks.  
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 INTRODUCTION 
 

The US poultry industry continues to have a 
heightened awareness of the importance of reducing 
the level of Salmonella contamination of broiler 
carcasses.  It is well established that a significant step 
in reducing the level of Salmonella contaminated 
carcasses, is to reduce the contamination of broilers 
arriving at the processing plant.  Numerous studies 
support this hypothesis and have been reviewed (1). 

One area of focus has been the development of a 
non-invasive monitoring technique in order to best 
determine possible levels of broiler flock infection or 
colonization.  Most particularly, studies have shown 
that there is a relationship with environmental 
contamination and bird colonization (3,5).  Currently 
many techniques are under investigation.  However, the 
technique most often used to monitor Salmonella 
presence in a poultry house environment is the drag 
swab technique.  The drag swab technique was first 
introduced by Kingston in 1981 (2).  This technique 
was further endorsed by the NPIP and protocols have 
been established (4).  Waltman showed in 1998 that the 
drag swab technique was one of the most sensitive 
indicators of the presence of Salmonella in a broiler 
type environment (7). 

The current method for the detection of 
Salmonella on broiler carcasses as specified by the 
USDA-FSIS inspection code is the carcass rinse 
method.  Conventional discussions within the industry 
state that Salmonella contamination levels are 
dependent on several things.  One of those items is the 
season of the year.  To date, there is no referencable 
research that indicates that there is a correlation 
between drag swab contamination levels and the 

carcass contamination level in birds from this 
environment.  The purpose of this study was to monitor 
the level of Salmonella contamination of commercial 
broiler farms, as detected by the drag swab method 
over a 12-month period of time.  Possible influences 
and correlation of the environmental contamination 
level is hoped to shed some light on what might 
influence carcass contamination levels.     
    

     STUDY DESIGN 
 

An integrated operation in the Southeastern US 
was identified as the trial location.  This operation 
processes 1 million broilers per week.  Sampling 
occurred on either the first or second Wednesday of 
each month starting on April 7, 1999 and ending 
August 9, 2000.  Five farms were selected for testing at 
each sampling time.  The bird age range was between 
34 to 37 days of age at the time of sampling. The 
grower profiles for the farms was to include two of the 
better producing farms, two average producing farms 
and two underperforming farms.  Two houses per farm 
were sampled.  All farms and houses were selected by 
the company personnel, and most generally, the farms 
differed with each sampling time.  The December, 
1999 sampling was missed because of weather 
irregularities. 

The litter drag swabs were prepared by Dr. W.D. 
Waltman, Georgia Poultry Laboratory and stored 
frozen in double strength skim milk transport media.  
The sampling of broiler houses were conducted 
according to NPIP protocol (4) with four swabs 
obtained for each identified house.  With the 
completion of the sampling, all swabs were shipped via 
next day courier to Dr. W.D. Waltman.  Isolation and 
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identification and confirmation of Salmonella spp. 
were performed by the Georgia Poultry Laboratory 

according to previously described sampling techniques 
(6). 

Serogrouping of the Salmonella positive samples 
revealed that serogroup B Salmonella was identified on 
40 of the 64 farms sampled.  Serogroup C1, C2 and E 
were identified on 3, 6 and 1 of the farms sampled, 
respectively.  Of the farms identified as being 
contaminated with serogroup C1 all were also 
contaminated with serogroup B.  Of the farms 
contaminated with C2 all but 2 farms were also 
contaminated with serogroup B.  One of the farms was 
only contaminated with serogroup C2 and one farm 
was contaminated with a combination of serogroup C2 
and E.  None of the 64 farms sampled during the 17 
month study were contaminated with more than two 
serogroups of Salmonella and none were contaminated 
with a combination of serogroups C1 and C2. 
 

DISCUSSION 
 

Based on the Salmonella drag swab results it 
appears that indeed there may be some seasonal 
variation in Salmonella contamination in the 
environment of broiler houses.  The highest recovery 
rates occurred in the winter months, February and 
April, with the lowest recoveries during the summer 
months.  It is unclear how this data correlates with 
carcass wash data at this operation.  Live production 
and processing plant quality assurance personnel stated 
that the drag swab results graph resembled the 
variations they see in the carcass wash data. 

The significance of the serogrouping results is 
unclear.  It is the hope of this author that this data may 
further the discussion of what significance serogroup 
isolation results may have on carcass wash data, as 

well as advance discussions on appropriate methods in 
monitoring broiler house environments and their 
correlation on carcass wash data. 
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The objective of this study was to identify the 

causative agent of cellulitis in turkeys. Eighteen flocks 
from 9 producers were sampled at the local processing 
plant and 37 birds with cellulitis on legs or caudal 
thoracic area were obtained. None of the 37 birds with 
cellulitis had lesions in other organs. On gross 
examination, lesions were categorized into two groups 
(a) cellulitis with open skin lesions and (b) cellulitis 
with unopened skin lesions. Histopathologically, 
cellulitis with open skin lesions had chronic 
granulomatous/granulation tissue type reaction 
associated with foreign materials but cellulitis with 
unopened skin lesions had dermal necrosis with 
underlying fibrin and inflammatory exudate. A 

complete bacteriological study was conducted on 25 of 
37 birds. Bacteria were isolated from 12 of the 25 birds 
with cellulitis lesions. No aerobic, microaerophilic or 
anaerobic bacteria were isolated from the remaining 13 
birds with cellulitis lesions. E. coli was the organism 
isolated frequently from the lesions in low numbers 
from 9 of 12 but in mix cultures with Proteus mirabilis, 
Lactobacillus spp, Klebsiella, Staphylococcus spp. The 
remaining few cases yielded P. mirabilis in pure 
cultures or mixed with Pseudomonas aeruginosa. 
These types of cellulitis lesions [(a) and (b)] in turkeys 
could be associated with primary skin abrasions and 
contact dermatitis, respectively. Their occurrence is 
likely associated with different management practices. 
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SUMMARY 

 
In the recent history there has been global interest 

in quantitative risk assessment (QRA) approach as 
evidenced by the number of publications on this topic. 

The interest is driven by the public concern regarding 
the safety of the food they consume and environment in 
which they live. Epidemiologic approaches to QRA 
combine deterministic and stochastic mathematical 
modelling. As such, epidemiologic risk assessment has 
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a great potential for utility in poultry diseases. We 
demonstrate its utility in assessing the potential risk of 
Campylobacter jejuni infection associated with the 
consumption of meat from live-poultry markets. 
Scenario pathway and event tree approaches were used 
to model the sequences of events which take place at 
the live-poultry market and determine the consequent 
hazard of contamination of carcasses. The probabilities 
in the events were derived as function of events whose 
events were not known. Monte Carlo sensitivity 
analysis was used to assess the risk associated with the 
C. jejuni. Initial bacterial load and the sanitary level of 
the defeathering machine had significant impact on the 
hazard of carcass contamination. Knowledge gained 
through epidemiologic risk assessment can be used in 
the development of cost-effective hazard analysis of 
critical control points. 

 
INTRODUCTION 

 
Risk assessment is one of the three complementary 

components of risk analysis (Molak 1997). The other 
two components are risk communication and risk 
management. Several national and international 
organizations have developed their own documentation 
on how to carry out risk analysis (Codex Alimentarius 
1997; ICMSF 1996). All these documentations agree 
on the general principles of the risk analysis and 
admitted the complexity of the issue. They agreed on 
three components but they disagree on how to perform 
each and to integrate these components in a 
complementary way. The difference between the 
proposed approaches in the risk analysis and risk 
assessment among different disciplines stems from the 
confusion in the taxonomy. The term risk has been 
defined differently by different scientists in different 
disciplines and sometimes within the same discipline. 
Furthermore, instances of application of the traditional 
approaches in risk analysis can be criticized for having 
several pitfalls including ignoring variability, 
uncertainty, and science.   

On the other hand, the discipline of epidemiology 
has been poorly understood by a variety of scientists. 
Epidemiology is the study of determinants of health in 
a population. The epidemiologic approaches have 
always emphasized understanding, prediction, and 
evaluation (Kleinbaum et al., 1983). This process 
entails systematic data collection, coalition and 
analysis. Analyzing these helps the epidemiologist to 
predict the emergence of new situations, evaluate the 
factors that influence the situation (either worsen it or 
improve it), design strategies to control and manage the 
situation, and continuously evaluate the efficacy of 
these interventions and revise them as more knowledge 
becomes available. As such, the epidemiological 
approach accounts for the variability and addresses the 

uncertainty in the occurrence of the risk. 
Epidemiologic approaches in a sense encompass two 
major components of risk analysis: risk assessment and 
risk management. Traditionally, the epidemiologic 
approaches have not emphasised risk communication. 

There are many similaraties between 
epidemiologic methodologies and risk analysis 
approaches. In this manuscript I will present my 
perspective of epidemiologic risk assessment and 
demonstrate its utility in the poultry industry. A case 
study of the risk of Campylobacter jejuni in live 
poultry market wll be used to illustrate the utility of the 
approach. In the the process I will demonstrate 
similarities and differences between the two 
approaches, highlights the points of confusion, and 
suggest where collaboration could be beneficial to 
both. 

Covello and Merkhoffer (1993) defined risk as “a 
characteristic of a situation or action wherein two or 
more outcomes are possible, the particular outcome 
that will occur is unknown, and at least one of the 
possibilities is undesired”. In the epidemiologic 
context, risk is defined as “A probability that an event 
or phenomenon will ocurr” (Last 1983). Close 
examination of these two definitions highlight the 
conceptual similarity. Therefore, in principle, “risk” 
has been perceived similarly by risk assessors and 
epidemiologists. 

Traditional risk assessment consist of four steps: 
hazard idenfication, dose-response assessment, 
exposure assessment, and risk characterization (Haas et 
al., 1999). The epidemiological approaches have 
always emphasized understanding, prediction, and 
evaluation in a population. These are three 
complementary approaches that were designed to 
address a scenario objectively and constructively. If the 
ultimate goal is to make an objective decision about a 
phenomenon, there should a better understanding of the 
factors that led to its introduction, transmission, and 
perpetuation. These factors that played a role in the 
manifestation of the problem in a population are agent, 
environment,and host dependent. The epidemiologic 
approach emphasizes collecting information on the 
factors, analyze the data, and make the correct 
inference regarding their role in manifesting the 
phenomenon. In doing so, epidemiologists have 
adopted systematic and standardized methodologies. 
These methods varied from observational studies 
(where there is no manipulation in the study factor, 
Kelsey et al., 1999), to experimental studies (where the 
study factor is manipulated, Rothman 1986) or a 
combination of both. The common theme among these 
studies is the validity and reliability of the estimates 
and inferences.  

Validity of the study refers to the bias in the 
estimate(s) made in a study. Bias is a systematic error 



 43 

that might have resulted from the way the study units 
are assembled (selection bias), information on exposure 
or other factors are collected (information bias), or the 
effect of other factors (confounder or effect modifier) 
is ignored. On the other hand, reliability of a study 
refers to the precision in the estimate made or the 
reproducibility of the study. The reliability of the study 
can be measured in terms of the variability around the 
estimated parameters. All epidemiologic studies, if 
done correctly, are expected to take into consideration 
the issues related to validity and reliability. These 
studies are expected to be free of bias and have precise 
estimators (Rothman 1986).  

The epidemiologic approach being holistic in 
nature doesn’t separate between the risk assessment 
and the risk management process. In the process of risk 
factor identification the epidemiologists feature 
elements of the risk management. For example, in 
studying the risk of C. jejuni that is associated with the 
consumption of contaminated meat, the epidemiologist 
report a risk model as follows: 

P(C) = ƒ(level of exposure (frequency of eating) ↑, 
storage temperature ↓ , shelf life ↓, immune status ↓) 
where P(C) is the likelihood of C. jejuni and it is 
modeled as a function of the frequency of meat 
consumption which reflects the level of exposure, 
storage temperature of the processed meat, shelf life, 
and the immune status of the consumer. The 
epidemiologist concludes that the risk of C. jejuni 
increases with the amount of contaminated meat 
consumed, but decreases with the decrease in the 
storage temperature, the shelf life of the meat, and the 
immune status of the consumer. The latter two factors 
can be used in the risk management to control the risk of 
C. jejuni associated with poultry meat. These are the 
factors that modify or eliminate the risk. Combining 
elements of program evaluation (i.e., intervention 
evaluation, decisions analysis, and hazard analysis of 
critical control points) with risk identification, the 
epidemiologist would be able to communicate to the 
consumer, stakeholders, and decision makers an 
integrated picture of the risk and the alternative strategies 
to control this risk. 

On the other hand, the main tool of the traditional 
risk assessment is the qualitative or quantitative 
description of the chain of events leading to the 
disease. The model inputs (ie, hazard identification, 
dose-response, and exposure assessment) are generally 
obtained from published studies and/or expert opinion 
and incorporated in a model as stochastic distribution. 
And hence, the risk characterization is presented using 
an approach as Monte Carlo simulation. In principle, 

the modeling approach is not only used for risk 
distribution it can also provide valuable information on 
the uncertainty associated with the inputs and control 
options to be suggested to the risk managers.  

An example of epidemiologic risk assessment: 
C. jejuni in live-poultry market. To illustrate the utility 
of epidemiologic risk assesment in poultry industry, we 
carried out a study to evaluate the potential hazard 
associated with the presence of C. jejuni in poultry at 
live-poultry markets in New York State. The live-
poultry market is one point in a complex process of 
production of safe food. Knowledge regarding the 
potential hazards at this point will help in devising 
hazard analysis of critical control point (HACCP) plan 
to mange the associate risk. 

Campylobacter jejuni is known to be prevalent in 
chickens and turkeys (Acuff et al., 1987; Izat et al., 
1988). The organism was detected in 67 (74%) of 91 
chicken products purchased from 16 retail markets 
representing 11 franchises in the Minneapolis-St Paul 
metropolitan area (Smith et al., 1999). C. jejuni was 
isolated from surrounding environment, including 
sands, housefly, litters, drinking water containers, 
water, air, dogs and cats. Such a prevalence has the 
potential to pose risk to human health. It is estimated 
that the incidence of campylobacteriosis in human is 
2%, mean duration of the disease of 10 days, and a 
case-fatality of 1% (Sobel et al., 1996). Thirty percent 
of the foodborne outbreaks in human during 1980-1982 
were attributed to the consumption of contaminated 
poultry products (Finch and Blake, 1985). The majority 
of these outbreaks are sporadic in nature and attributed 
to mishandling or the consumption of undercooked 
poultry (Deming et al., 1987; Harris et al., 1986). A 
lesser source of exposure that has been incriminated in 
these outbreaks is the cross contamination of foods by 
raw poultry (Harris et al., 1986).  

We carried out an epidemiologic risk assessment 
using a scenario pathway and tree event model – one of 
the quantitative risk analysis methodologies. The 
conceptual framework for the pathway model is 
presented in Figure 1. This scenario represents a chain 
of events that measured by conditional probabilities 
(Pi). The probability of occurrence of an event is 
conditional on the occurrence of the previous events. 
The initial hazard is at the bird level (event 1). The first 
event in this scenario is that the birds are infected with 
C. jejuni before they are brought to the live-bird market 
and they have a potential to shed the organism in the 
environment. If the birds are not infected then there is 
no risk of contamination to the environment, down 
arrow (shaded arrow). The probability that a bird is  

infected (prevalence) with C. jejuni is estimated to be 
0.45.  

Infected birds pose a potential hazard to their 
immediate environment (killing platform) by shedding 

the organism in their feces (right arrow, P1). Several 
factors would influence the survival of the C. jejuni in 
the killing platform. These include the contamination 
rate and the sanitary level. However, if the 
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circumstances are not conducive for the survival or 
contamination, then the organism will die and the 
killing platform would not pose a risk (right arrow at 
event 2). This risk was assumed to follow the triangular 
distribution with the minimum of 0.0, most probable is 
0.1, and a maximum of 0.3. If the organism survives on 
the killing platform it will be transmitted through 
fomites (utensils, handlers, and other structures in the 
habitat) and hence, contaminate the scalding bath (P2). 
The probability distribution of the contamination at the 
scalding bath was assumed to follow the beta-
distribution with the parameters (35, 210.5). If the 
organism survived the conditions at the scalding bath, 
the birds (carcasses) in the bath will be contaminated 
and have a potential to contaminate birds in the 
defeathering machine (P3). The likelihood for this 
scenario to happen is rare, therefore, the probability 
distribution is assumed to follow the Poisson with the 
parameter (1.2). The final probability outcome (end-
state), risk of presence of C. jejuni, on finished 
carcasses, was estimated using simulation models. 
Because of the uncertainty associated with some of the 
PI’s several iterations were performed using the Monte 
Carlo simulations in @RISK software (Palisade 
Corporation, Newfield, NY). 

 
RESULTS AND DISCUSSION 

 
Our analysis showed that the hazard of the 

presence of C. jejuni in processed carcasses at the live-
poultry market depends largely on the initial 
contamination rate of birds as they arrive in the market 
(Figure 2). The cumulative probability graph predicted, 
with 95% confidence, that the risk of carcass 
contamination is one in a thousand if the prevalence of 
C. jejuni in birds arriving at the market is below 1 %. 
Figure 2 shows in addition to the initial bacterial load 
on the bird, three different levels of contaminations at 

the scalding bath (10, 20, and 25%, respectively. As the 
initial bacterial load increases and the rate of 
contamination in the scalding bath increases, the 
likelihood of carcass contamination increases (Figure 
2). The level of contamination of the carcass is 
maximum, under our assumptions, when the initial 
bacterial load is 5X105 and the contamination rate at 
the scalding bath is at 25%. At these levels, the 
probability that the carcass would be contaminated 
with C. jejuni is 25%. It appears that there is a 
diminishing return effect for the initial bacterial load 
on the likelihood of carcass contamination as shown in 
Figure 2. The likelihood of carcass contamination starts 
to drop beyond an initial bacterial load of 5X105. One 
plausible explanation for this observation is the 
constraint we built in the model by assuming that the 
contamination rate at the killing platform is triangular 
which has a minimum, most probable, and a maximum 
values. By definition of the distribution, the likelihood 
of a higher bacterial load will drop after the most 
probable number. Another plausible explanation would 
be the implementation of good sanitary practices at the 
killing platform which will have an impact on the 
bacterial count in the scalding bath. 

To account for the uncertainty in the estimates of 
the parameters of the model at different levels of the 
processing plant and their impact on the total count of 
C. jejuni on the carcass, we ran the simulation using 
different parameters. Figure 3 shows the impact of the 
frequent changing of water in the scalding bath on the 
number of organisms on the carcass. Frequent 
changing of the water in the scalding bath is three 
times more likely to reduce the number of organisms 
on the carcass in comparison to not changing the water 
frequently.  

This study demonstrated the application of 
epidemiologic risk assessment to an important part of 
the poultry study. One could think of many other 
situations where such an approach would be applicable, 
that strict risk mitigation efforts have e.g., a decision to 
implement vaccination strategies on a farm to control a  
potential risk. Although our approach is a simulation 
approach, which favors a worse case scenario, it was 
evident significant impact on the hazard of carcass 
contamination and would provide knowledge to be 
used in a HACCP program.  
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SUMMARY 

 
In an attempt to achieve higher maximal serum 

concentrations (Csmax) of enrofloxacin after oral 
administration, a two fold concentration of the drug 

(0.2%, total dose of 10 mg/kg) was administered to 
chicken. A set of control groups was dosed using a 
customary concentration (0.1%) of enrofloxacin. A 
quantitative/qualitative microbiological analytical 
method and a software program to obtain 
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pharmacokinetic variables revealed that time vs 
concentration relationships best fitted double hump 
shapes; therefore, Csmax1 and Csmax2 were obtained. 
Statistically significant (P> 0.01) increments were 
obtained when two-fold concentrated enrofloxacin oral 
solutions were administered. Csmax1 increments ranged 
from 175% to 338% and Csmax2 from 69% to 342%. 
Because optimal bactericidal concentration of 
enrofloxacin are twice the value of the minimal 
inhibitory concentration, doubling the concentration 
without increasing the dose can both reduce the rate of 
appearance of bacterial resistance and increase clinical 
efficacy without affecting the cost per treatment.  
 

INTRODUCTON 
 

Intensive and economically viable production of 
chicken meat often requires the administration of 
antibacterial drugs to treat specific outbreaks of 
bacterial diseases. In many countries, enrofloxacin has 
become the drug of choice for many of such cases. It 
has been stated that the antibacterial effects of 
enrofloxacin, at the clinical level, are more dependent 
upon a greater peak in serum concentration than upon 
an extended residence time (6,7). It is accepted for 
most drugs, including enrofloxacin, that bolus-like 
administration of the antibacterial will render higher 
maximum serum concentration (Csmax) in the shortest 
possible time (Tmax) (8). Considering the above, the 
aim of this study was to evaluate whether or not, the 
administration of a concentrated form of enrofloxacin 
(0.2%) in the drinking water could increase Csmax and 
reduce Tmax as compared with the administration of the 
customary concentration of enrofloxacin (0.1%), also 
in the drinking water, and setting the same dose in both 
cases (10 mg/kg). 

 
MATERIALS AND METHODS 

 
Pharmacokinetic analysis of a commercial 

preparation of enrofloxacin was carried out in 
triplicate, either at a 0.1% or 0.2% concentration, but 
using the same dose (10 mg/kg) in all cases.  Two 
hundred and forty Arbor-Acres broilers, not previously 
medicated with any antibacterial, weighing 
approximately 750 g and clinically healthy were used. 
They were randomly divided into six groups of 40 
animals each: odd number groups received the 
customary dilution of enrofloxacin, i.e., 0.1% (A1, B3, 
C5), while even number groups received the two fold 
concentrated form of the drug i.e., 0.2% (A2, B4, C6). 
To minimize variations in absorption patterns between 
birds, due to enrofloxacin-feed interactions, animals 
were fasted for 6 hours before dosing. Each chicken 
was individually weighed, and then received a single 
oral bolus dose of enrofloxacin by means of a semi-

rigid tubing, placing the drug directly into the 
proventriculus. Then blood samples were taken from 
five birds per time at 25 and 45 min, 1.5, 3, 6, 9, 12, 
and 24 hours, with only one sample taken from each 
chicken. Blood samples were immediately centrifuged, 
serum recovered, identified, and frozen until analyzed. 
Close timing interval between administration of the 
drug and blood sampling was achieved. In this 
manner, an excess of three complete sets of samples 
for each repetition were obtained. Determination of 
enrofloxacin was carried out using the 
quantitative/qualitative microbiological agar diffusion 
analysis, described by Bennet et al. (1), using 
Escherichia coli ATCC 25922 as the test 
microorganism and chicken serum as vehicle to obtain 
a reference linear regression between 0.08 µg/ml and 
10 µg/ml, with a per cent recovery of 94 ± 2.5 and an 
intra-assay error smaller than 5%. Standard 
enrofloxacin was donated by Bayer of Mexico. Serum 
activity/concentrations of enrofloxacin (and active 
metabolites) vs. time relationships were analyzed 
using the software from PKAnalyst*.  Area under the 
curve (AUC), β half lives (T½β), maximal serum 
concentration (Csmax), time to reach Csmax (Tmax), and 
absorption half-life (T½abs), values were recorded, 
utilizing standard formulas (5). Mean values of serum 
concentrations of enrofloxacin from the three groups 
(A, B and C), and the two concentrations tested (0.1% 
and 0.2%) were compared using a non-parametric 
Kruskall-Wallis analysis, through the software 
package JMP†. Considering that data showed a non 
normal distribution, individual pharmacokinetic values 
were compared using Dunn tests, after Kruskall-Wallis 
analysis.  

RESULTS 
 

Figure 1 shows the mean serum concentrations 
obtained for enrofloxacin dosed either as 0.1% or as 
0.2% in the three replicates. Table 1 shows derived 
pharmacokinetic variables. Both Csmax values were 
higher in all three even number groups (A2, B4 and 
C6) as compared with data in odd number groups, with 
increments as large as three fold increments for Csmax1 
and 1.6 fold for Csmax2 (P<0.01). Also, AUC values 
were higher in the 0.2% enrofloxacin groups (P<0.05); 
Tmax T½β and absorption half-lives, did not vary in any 
group. 

DISCUSSION 
 

The analytical method used has been regarded as 
reliable as HPLC (4). This study shows that higher 
                                                 
* MicroMath. Scientific Software. Salt Lake City, Utah. 
† JMP Statistic Mode Visual 1989-1995 SAS Institute 
Inc. Version 3.1.6.2, SAS Campus Drive Cary, N.C. 
27513 



 47 

Csmax in a shorter Tmax, can be achieved by the simple 
maneuver of doubling the concentration of 
enrofloxacin (from 0.1 to 0.2%), without modifying the 
actual dose (10 mg/kg/day). Increments in serum 
concentrations of enrofloxacin averaged 338.46% for 
Csmax2. However, neither Tmax nor T½abs were altered 
as expected. This may be due to fast absorption of 
enrofloxacin and to insufficient number of blood 
samplings early after placing the drug in the 
proventriculus. In this study T½β remained almost 
unchanged, and therefore it is unlikely that withdrawal 
times need to be modified. However, biovailability 
based on AUC was higher in groups dosed with the 
0.2% solution of enrofloxacin (P< 0-05). The double 
peak shape of the serum concentration/activities vs. 
time obtained in this experiment are considered to be 
the result of entero-hepatic recycling of the drug, a 
feature not described in other studies (2,3). Different 
blood sampling times and deliverance of the drug 
directly into the proventriculus may explain this 
discrepancy. 

Usually, enrofloxacin is administered as the 
treatment of choice for outbreaks of various diseases 
such as chronic respiratory disease complicated with 
Escherichia coli, outbreaks caused by Pasteurella spp, 
Haemophillus gallinarum, etc. For these purposes a 
higher dose (10 mg/kg/day) is usually chosen and with 
it, a higher Csmax value expected.  Although the clinical 
significance of doubling the concentration of 
enrofloxacin still awaits further field investigations, the 
fact that the effect of enrofloxacin is more dependent 
upon reaching a higher peak concentration than upon a 
long residence time (7), allows the speculation that 
higher Csmax values could result in better clinical 
outcomes. Because the daily total dose is unaltered, 
costs of medication would not be increased. To achieve 
0.2% solutions of enrofloxacin half emptying the water 
tank or adjusting the dose-dispenser apparatus, will 
suffice. Considering that the optimal bactericidal 

concentration of enrofloxacin is usually twice the value 
of the minimal inhibitory concentration, a more bolus-
like administration of enrofloxacin will tend to reduce 
the emergence of bacterial resistance.  
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Table 1. Mean ± 1 SD pharmacokinetic variables obtained for enrofloxacin after a single bolus dose of a 

commercial preparations of the drug, at a dose of 10 mg/kg, delivered into the proventriculus by a semi-rigid tubing 
at a concentration of 0.1% (odd numbers) and at a concentration of 0.2% (even numbers). 

Variable Group A1 
X   ±    SD 

Group A2 
X   ±    SD 

Group B3 
X   ±    SD 

Group B4 
X   ±    SD 

Group C5 
X   ±    SD 

Group C6 
X   ±    SD 

T½abs (min) 8.2 1.2 8.5 1.3 8.0 1.6 8.2 0.9 8.2 1.6 8.0 1.4 
β1 0.15 0.002 0.207 0.002 0.200 0.005 0.27 0.002 0.025 0.003 0.24 0.355 
β2 0.015 0.022 0.015 0.038 0.016 0.01 0.018 0.038 0.018 0.002 0.016 0.180 
T½ β (hours) 12.15 0.02 11.58 0.02 12.25 0.03 10.55 0.02 11.05 1.58 11.55 0.23 
Csmax1 (µg/ml) 1.3 0.04 4.4 0.02 1.0 0.06 4.3 0.02 1.6 0.03 4.3 0.23 
Csmax2 (µg/ml) 2 0.05 2.9 0.07 1.8 0.52 3.2 0.07 2.1 0.08 3.3 0.09 
AUC 14.57 0.03 23.59 0.02 12.75 0.04 26.59 0.02 10.61 0.02 24.65 0.45 
Tmax1 (hours) 0.83 0.05 0.7 0.04 0.82 0.03 0.82 0.04 0.78 0.05 0.85 0.02 
Tmax2 (hours) 2.8 0.03 3.2 0.03 2.7 0.01 3.1 0.07 2.9 0.07 3.0 0.08 
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Figure 1. Double Csmax shapes of the serum concentration of enrofloxacin vs. time relationships for enrofloxacin 
administered orally as a bolus to broilers, either as a 0.1% (odd numbers) or a 0.2% solution (even numbers).  
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The topic concerning antibiotic use in animals in 
farm animals and subsequent impact on the resistance 
patterns in human pathogens is not a new debate, 
beginning in the 1960s. The issue has been raised 
several times since then without any definitive 
conclusion being reached. As we’re all aware, the latest 
flare-up came when the EU began the process to ban 
certain, long established growth promotant antibiotics 
from use in animal feeds. The EU invoked the 
“precautionary principle” to justify its position despite 
the lack of scientific data to support their concerns. In 
doing so, they essentially ignored the report of their 
own committee of experts (SCAN) which concluded 
that there was no justification to take action at the time. 
It should also be noted that this debate came at a time 
when food safety issues were at an all time high in 
Europe due to other unrelated concerns. 

As a result, the debate became headlines in the US 
with much activity being initiated. There have been 
positions taken by individuals and agencies/groups on 
both sides of the issue with data being used to support 
each side’s point of view, but there has been some 
sharp debate on the validity and conclusions of certain 

reports. In reality, it appears that the question is still 
very much unanswered, as the topic is a very complex 
matter. While research projects, risk assessments, and 
prudent use guidelines for antibiotic use in animals 
have been initiated worldwide and are to be 
commended, the simplistic belief that the banning of 
growth promotant antibiotics will halt or reverse the 
current trend towards antibiotic resistance patterns in 
human medicine is not rational and must be challenged. 

The theoretical hazard to human public health 
related to antibiotic use in animals revolves around the 
transfer of resistant bacteria from animals to humans 
largely through the food chain. The best examples of 
these are the resistant, zoonotic organisms caused by 
non-typhoid salmonellae and campylobacters. Of these, 
the salmonellae are virtually unaffected by the growth 
promotants which have an overwhelmingly anti-gram-
positive spectrum. The campylobacters can be affected 
by the macrolide growth promotants such as tylosin, 
but also by macrolides and quinolones used for the 
treatment of animal infections. It should be noted that 
very real differences exists when discussing this topic 
with regard to the therapeutic use of antibiotics via 
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injection or water versus those used for performance 
enhancement in the feed. 

It seems much more difficult to assess the risk 
posed by commensal animal bacteria such as E. coli 
and enterococci, although resistance has been identified 
in the animal enterococci towards some of the growth 
promotant antibiotics. In order for resistant animal 
commensals to successfully transmit through the food 
chain, they must develop resistance and survive a 
myriad of obstacles throughout the production, 
processing, transportation, storage, and cooking of the 
food source. Once consumed, the animal enterococcus 
would have to contend with various enteric defenses to 
prevent their survival and then colonize if possible to 
optimize the potential for resistance transfer to human 
commensals. 

The current debate evolves around Enterococcal 
infections in humans, which has become an important 
pathogen in immunosuppressed individuals and a 
potential nosocomial complication in post-operative 
patients. The initial concern involved Vancomycin 
resistance development by these organisms, which at 
the time was one of the few remaining efficacious 
antibiotics against Enterococcal infections approved 
for use in humans. Vancomycin is a glycopeptide class 
antibiotic. Avoparcin, a growth promotant antibiotic 
used in Europe at the time, was removed from the 
market in 1997 because of its relatedness to 
Vancomycin. On the other hand, Vancomycin 
resistance was much more prevalent in the US where 
Avoparcin had never been used. This would tend to 
suggest that human clinical use of Vancomycin was the 
primary instigator of glycopeptide resistance in the US. 

Shortly afterwards, a new product, Synercid, was 
being reviewed for treatment of human Enterococcal 
infections in certain countries. It belonged to the 
streptogramin class of antibiotics.  Virginiamycin, also 
a streptogramin antibiotic, had been in use in the 
worldwide animal market for over 25 years with little 
evidence of streptogramin resistance to date; yet it 
became the target of debate. It should be noted that 
enterococci resistance data is often reported as a group, 
but needs to be differentiated by species due to the 
natural resistance of certain species to different 
antibiotics. For instance, E. fecalis is naturally more 
resistant to virginiamycin, but is often included in 
relevancy data pertaining to this issue. This is of vital 
importance when attempting to draw accurate 
conclusions from the data pool. Unfortunately, most 
labs do not or cannot speciate Enterococcal infections 
due to the technical expertise required to do so.   

In one very large, yet little cited clinical study by 
Jones et al (Diagnostic Microbiology and Infectious 
Disease, Volume 31, Issue 3, July 1998), which 
involved over 28,000 human clinical isolates from 200 
different medical centers in the US and Canada, found 

streptogramin resistance to be 0.2% in the E. faecium 
isolates. This is a highly significant study in that it 
involved over 1,000 E. faecium isolates from a clinical 
setting. Similarly, pristinamycin, another human 
streptogramin approved for use in France since 1973, 
has been used along with virginiamycin for decades 
without any unusual rates of streptogramin resistance 
development in that country. Thus, there is 
circumstantial evidence that the contribution by 
virginiamycin to any streptogramin resistance problem 
in human Enterococcal infections is miniscule. 

There are other findings which tend to suggest that 
the human health risk posed by the use of growth 
promotant antibiotics is negligible. For example, a 
number of studies suggest that enterococci strains have 
host preferences similar to the Group B streptococci 
and Staphylococcus aureus bacteria. Recent work by 
Dr Judith Johnson at the University of Maryland (2000 
AVMA/AAAP meeting abstract) looked at fifty E. 
faecium field isolates from chickens and fifty E. 
faecium human isolates from hospitals in different 
geographical regions using ribotyping technology. Her 
findings suggested that enterococci from poultry and 
humans represent apparently distinct populations, 
suggesting that direct colonization from chickens to 
humans is rare.   

Various governmental and independent 
organizations have weighed in on the matter, but most 
have agreed that there is simply not enough 
information to draw any conclusion. The 1998 National 
Research Council Report, The General Accounting 
Office Report of 1999, the SCAN Opinions, and the 
HAN Foundation Report of 1999 fall into this category. 
The consensus was that while use of drugs in food 
animals does have some concerns, the evidence to date 
does not constitute an immediate public health concern. 
Having said this, the WHO organization recently 
issued new guidelines to “slow the growth of microbes 
resistant to commonly used antimicrobials” which 
included calling for mandatory prescriptions for all 
antibiotics used to control diseases in animals and the 
cessation of the use of antimicrobials to promote 
animal growth. 

In the US, a number if initiatives are underway or 
recently completed. A risk assessment model has been 
developed by CVM to estimate the human health 
impact of fluoroquinolone-resistant Campylobacter 
infections associated with the consumption of chicken. 
FDA-CVM subsequently proposed to withdraw 
approval for fluoroquinolone use in poultry. A second 
model is being developed by CVM to assess the 
association between the development of streptogramin-
resistant Enterococcus faecium in humans and the use 
of virginiamycin in food producing animals. In 
addition, FDA has proposed a framework document in 
response to public concerns which would require 
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sponsors of new animal drugs to provide data on the 
risk of the antibiotic to human health. Various 
resistance surveillance projects have been funded and 
other research projects are underway to help fill in the 
data gaps, but it will take time to begin to get a 
reasonable chance for accurate answers.  

In the meantime, the issue is far from over, but 
hopefully most involved parties have come to 
recognize that good scientific information is needed 
before taking any further regulatory action. In the US, 

there is a newly approved antibiotic called Zyvox, 
which is a new class of antibiotic available for the 
treatment of Enterococcal infections. This should 
alleviate some of the pressure for the need of Synercid, 
as Zyvox reportedly has a better efficacy and safety 
profile than Synercid. In addition, other products may 
be on the horizon. Hopefully, the true risk factors at 
stake will be elucidated, as this issue is much too 
important to human and animal health for wrong 
associations to be made.               
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Fowl pox has a world wide distribution.   This 
disease of chickens and turkeys is caused by a DNA 
virus of the genus Avipoxvirus of the family 
Poxviridae (14,15).   Its incidence is variable in 
different areas because of variation in climate, 
management and hygiene, and the practice of regular 
vaccination. It can cause drops in egg production, or 
retarded growth in younger birds and significant 
mortality.   

Fowlpox virus (FPV) infection is usually 
manifested in two forms: cutaneous and diphtheritic 
although an unrecognizable systemic form of infection 
also occurs.    The cutaneous form (dry pox) is 
characterized by the development of proliferative 
lesions, ranging from small nodules to spherical wart-
like masses on the skin of the comb, wattle and other 
unfeathered areas. In the diphtheritic form (wet pox), 
slightly elevated white opaque nodules develop on the 
mucous membranes. They rapidly increase in size to 
become yellowish diphtheritic lesions.  When these 
proliferative lesions occur on the mucous membranes 
of the mouth, esophagus, larynx or trachea, difficulty in 
feeding and respiration ensues. The mortality rate due 
to the diphtheritic form associated with tracheal and 
mouth lesions is greater than that associated with the 
cutaneous form, and can sometimes near 50%, 
particularly in young birds.  Both forms of the disease 
can occur in a single bird. Because of its economic 
importance, attempts are made towards prevention of 
the disease by regular immunization with live virus 
vaccines of fowlpox or pigeonpox virus origin. 

In recent years, FPV has been isolated in several 
outbreaks of fowlpox in chickens previously 
vaccinated with commercial fowlpox or pigeonpox 
virus vaccines in Minnesota, Nebraska, Indiana, 

Arkansas, New York, California and Pennsylvania.    
In most of these occurrences, the diphtheritic form of 
the disease resulting in high mortality has been the 
common feature. Reduced egg production in affected 
layer flocks has also been observed. The continued 
persistence of fowlpox in poultry operations in spite of 
regular immunization with either fowlpox or 
pigeonpox virus vaccine strains alone or in 
combination has indicated a lack of adequate protection 
being provided by vaccination.  Some possible reasons 
for this deficiency are:  (a) passive immunity in young 
birds may interfere with the multiplication of the 
vaccine virus and thus prevent development of an 
adequate immune response; (b) a single vaccination of 
birds at a young age may not provide enough 
protection during the later part of their lives, especially 
in the case of layers; (c) inadequate concentration of 
virus in the vaccine dose;   (d) improper vaccination 
practice in that some birds are missed and (e) lack of 
protection by the vaccines against  re-emerging 
"variant" strains.      

Experimental studies have shown   differences in 
the protective ability of both vaccine and field strains 
of FPV.   Because of its   large size genome (300 kb), 
genetic and antigenic changes are difficult to detect by 
routine procedures.  However, restriction fragment 
length polymorphism of the viral genomes and 
immunoblotting of antigens have demonstrated minor 
genetic and antigenic differences among FPV strains 
(5,7,9). It should be noted that in an environment 
where commercial poultry is   raised in high density, 
the birds are not only immunized with live virus 
vaccines but may acquire pathogens through natural 
exposure.  Thus, it is conceivable that some of the 
changes could occur as a result of interaction by 
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different viruses simultaneously infecting the 
respiratory system of birds resulting in the   emergence 
of antigenically different viruses for which the immune 
response generated by vaccine viruses would not be 
adequate.  For example, a dual viral infection by 
fowlpox virus and herpes virus has been reported 
previously (4,12).  In one instance chickens had not 
been vaccinated against either type of virus and the 
FPV strain isolated from this outbreak was initially   
thought to be an avirulent strain but instead was highly 
pathogenic for susceptible day-old chicks (11).  When 
39 week old laying hens were infected with this virus, 
it caused a drop in egg production.  Moreover, the 
lesions at the primary site of inoculation persisted for 
the 5 week duration of the experiment in contrast to 
vaccine strain-generated ones which usually resolve 
within 2 weeks.    In addition, some birds developed 
secondary lesions (13).  Recently, molecular genetic 
analysis of this virus revealed reticuloendotheliosis 
virus (REV) provirus integration in its genome.  A 
similar presence of unrelated genetic material was 
reported when the homologues of FPV   open reading 
frames were detected in the genome of Marek’s disease 
virus, a herpes virus (2).  These observations indicate 
the possibility of exchange of genetic material between 
distinct viruses.  That such an event often occurs by 
“natural genetic engineering” has been further 
supported by the presence of REV sequences in the 
genome of Australian as well as US strains of FPV 
(3,6,8).   While vaccine strains of FPV retain variable 
lengths of long terminal repeats (LTRs) of REV, all 
field isolates of FPV tested are mixed populations 
comprised primarily of viruses having intact REV 
provirus with a minority carrying partial LTR 
sequences.  Since the site of REV integration has 
remained constant in all the strains so far examined, 
this event certainly has some advantage for the FPV.    
Further, most of these field strains show greater 
pathogenicity than vaccine viruses for susceptible 
chickens and an antibody response against both REV 
and FPV is detected in experimentally immunized 
birds.  Since REV has been associated with 
immunosuppression, its presence in the genome of 
FPV seems to play an important role in the 
pathogenesis and prolonged persistence of FPV in the 
bird population.   Susceptible young chickens 
immunized with field strains of FPV develop both 
primary and secondary lesions, which persist longer 
than those produced by the vaccine viruses (8).   
Moreover, in layers there is an appreciable drop in egg 
production, which is related to the severity of the 
disease (13).  

FPV has one of the largest genomes containing 
more than 200 genes which encode for both essential 
and non-essential proteins.  Currently, the entire 
sequence of the DNA of one vaccine-like strain of FPV 

has been determined (1).  Although complete sequence 
information for other strains is not available at this 
time, differences can be discerned by the comparison 
of selected genomic fragments.   It is apparent that FPV 
has acquired several genes which may not be essential 
for its multiplication but may prolong its survival in 
nature and persistence in the host. It is important to 
remember that poxviruses in dried scabs can survive in 
the environment for extended periods.    Since fowlpox 
is a slow spreading disease, the virus can persist and 
circulate in a susceptible flock. In such cases, 
especially when only minor cutaneous lesions are 
present and   a small percentage of birds are involved, 
the disease may remain unnoticed.   In this regard, FPV 
persistence in some flocks for a long period as 
evidenced by the presence of minor cutaneous lesions 
has been observed.   When the birds are subjected to 
various stresses e.g., molting, or concomitant microbial 
infections, the mild inapparent infection can be induced 
to become a serious outbreak.     

While many viruses would not survive outside 
their host (s), FPV   can be isolated from dried scabs 
that have been exposed to the environment for 
extended periods of time.  Thus for outside survival, 
the virus must have developed strategies to prevent 
and/or resolve environmentally induced damages.  In 
this regard, recently two genes encoding for photolyase 
and A-type inclusion protein were identified in the 
genome of FPV. Photolyase has been associated with 
the repair of UV-damaged DNA (10) while A-type 
inclusion body protein is believed to shield the virus 
within its matrix.     Although the function of   many 
FPV    genes remains undetermined at this time, studies 
with photolyase and inclusion body protein deficient 
mutants as well as determination of the effect of the 
removal of REV sequences from the genome of FPV 
are important for the development of improved 
vaccines against fowlpox.  
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Victoria A. Bowes 
 

Animal Health Center, 1767 Angus Campbell Road, Abbotsford, British Columbia, Canada V3G 2M3 
 

The owner presented a young adult racing pigeon 
for necropsy to determine the cause of "black lumps" 
under the skin, originally thought to be pellet gun shot. 
Three of 150 birds were affected. Prior to submission, 
the owner had discussed this problem with fellow 
racers who recommended lowering the dietary protein. 
During the course of the diagnostic workup, the owner 
did this and reported that the lumps in the other 
affected birds had dried up and fallen off (thus 
confirming his diagnosis of low protein!). 

At necropsy the bird was in good body condition 
and the gross lesions were localized to the skin. There 
were numerous, variably-sized (2–10 mm), solitary, 
raised, firm black skin nodules randomly distributed 
over the body. The nodules were loosely mobile and 
lay directly below the skin with occasional ulceration 
of the overlying epidermis. On cut section the nodules 
were densely black, moist and had thick rugal folds. 

Bacterial culture of the nodules yielded heavy 
Staphylococcus aureus. Initial poxvirus culture and 
direct EM of a smeared nodule were negative.  
Subsequent retesting eventually did reveal a small 
number of poxvirus particles by direct EM. 

Histologically, the skin masses consisted of 
discrete nonencapsulated lobules of solid nests of 
hyperchromatic basal cells containing abundant 

melanin pigment. These lobules are set against a 
background of proliferative fibrous connective tissue 
with a mild diffuse infiltration of mixed inflammatory 
cells and were typical of a basal cell tumor. Initially 
overlooked and considered debris, there were 
numerous degenerating eosinophilic intracytoplasmic 
inclusion bodies present in the central lumen of the 
lobules. The overlying epidermis was ulcerated in 
some sections. 

Based on the initial histologic lesion and negative 
virology, a diagnosis of basal cell tumor was made. It 
was only through subsequent discussions on Birdmed, 
an Internet discussion group of avian veterinarians, that 
Dr Juergen Lohr, a German veterinarian, was able to 
provide the final pieces of information which allowed a 
diagnosis of pigeonpox (also known in Europe as “pox 
melanoma”) and encouraged the continued EM 
examination of the nodules until poxvirus particles 
were seen.  

This form of pigeonpox has never been diagnosed 
in British Columbia so there was a lack of familiarity 
of this specific presentation, as well as no information 
in the available references. In Europe, pox melanoma is 
considered a cutaneous form of pigeonpox and is 
controlled by the annual use of vaccine. Associated 
mortality is low, young birds are most likely to develop 
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these nodules and the majority of nodules eventually 
dry up and fall off. 

In this case I was unable to convince the owner of 
the diagnosis, since he believed he had solved the 
problem by lowering the dietary protein. Time will tell. 
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Fowl Pox in combination with Pigeon Pox is being 

used on some layer complexes in the United States 
where Fowl Pox (CEO) vaccination alone has not 
provided adequate protection with outbreaks of 
upwards of 10% total mortality (Figure 1) due to the 
diptheritic or wet form of pox. In the following study, 
two field Pox isolates, P1 and P2 were obtained from 
two different companies with history of significant wet 
pox mortality despite vaccination with Fowl Pox. 
These isolates were then used in the challenge study 
described below for the purpose of trying to determine 
if there were truly field isolates that are not protected 
by Fowl Pox alone. 

P2 isolate was received as frozen tracheas and P1 
as liquid material. Both were injected into CAM of 
embryonated eggs to confirm presence of Pox virus 
and eliminate any bacterial contamination. After 
confirmation of presence of Pox viruses these isolates 
were eventually diluted for a wing web challenge titer 
of 10 5.3/ml  for  P1 and 10 5.5/ml for P2. Wing web 
challenge was done using double needle stick provided 
by manufacturer to deliver 0.01ml virus per stab. 
Tracheal challenge was also done using the P2 wing 
web challenge material further diluted to 0.01-ml 
virus/0.1 ml dose delivered directly into the trachea 
using a long dosage rounded tip needle. 

SPF birds were vaccinated with either Fowl Pox   

(10 4.2/dose), Pigeon Pox (10 3.5/dose) or Fowl 
Pox/Pigeon Pox at 29 days of age. Vaccines were 
mixed as per label with the exception that for the Fowl 
Pox/Pigeon Pox combination; one vial of Fowl Pox 
was mixed together with one vial of Pigeon Pox using 
one diluent bottle. Vaccination takes were confirmed 
positive 10 days post vaccination. Birds were 
challenged 2 weeks post vaccination then euthanized 
and examined for lesions 10 days post challenge. Birds 
were considered positive for pox if they had 
pustules/pimples or scabs at the wing web challenge 
site or positive if diptheritic lesions occurred at trachea 
or larynx. 

Results in Table 1 clearly show that P1 isolate is 
well protected by Fowl Pox alone. On the other hand 
P2 isolate was not well protected by Fowl Pox.  Use of 
Pigeon Pox improved protection in combination or 
alone against P2, particularly against tracheal 
challenge. In the field, Fowl Pox/Pigeon Pox 
combination vaccination is providing good protection 
against P2 isolate at the company where it was isolated. 
One of the difference between the controlled challenge 
study vs. the field situation is birds in the field have 
been wing web stabbed, sometimes twice at one time, 
with multiple vaccinations. Other differences could 
include, lower challenge field dose or perhaps a 
different primary infection route by P2 isolate. 
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Figure 1. Wet Pox mortality on Farm P1 
 
Table 1. Pox challenge results 

 % Protection 
Vaccines P1 isolate P2 isolate 

wing web wing web trachea 
Fowl Pox 100% (21/21) 36.40% (4/11) 72.10% (8/11) 
Fowl Pox/Pigeon Pox 90.90% (20/22) 45.50% (5/11) 81.80% (9/11) 
Pigeon Pox 95.50% (21/22) 45.50% (5/11)  91.90% (10/11) 
Positive Control 0% (0/22) 0% (0/11) 0% (0/11) 
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A method designed to evaluate hatch progression 

and its effect on chick quality was tested in several 
broiler hatcheries across the United States.  The 
method consists of conducting chick counts from 6-9 
predetermined hatcher trays per hatcher at various 
predetermined times prior to “pulling the hatch”.  More 
specifically, hatched chicks are counted in 2-3 hatcher 
trays from the top position, 2-3 hatcher trays from the 
middle position and 2-3 hatcher trays from the bottom 
position at approximately 24 and 12 hours before the 
time scheduled “to pull the hatch”.  Other records kept 
include the breed and age of the breeder flock when the 
eggs were set, the type of incubator and hatcher used, 
and the machine settings (wet and dry bulb 
temperatures and relative humidity).  This evaluation is 
complemented with an analysis of causes of embryonic 
mortality and chick quality assessments on the day that 

the chicks are removed from the hatchers.  Embryonic 
mortality is divided into 4 groups:  early (0-4 d), 
middle I (5-10 d), middle II (11-17 d) and late (18-21 
d), as described by R. Garza de la Fuente (1,2).  Chick 
quality scores are derived from physical and 
microbiological scores as in the method described by 
H. Cervantes (3-5).  

Applying this method to commercial evaluations 
of broiler hatcheries, the following practical 
observations have been made: 

1. Incubators and hatchers from different 
manufacturers and different models produce 
significant variations in hatch progression 
even when set at the same temperature and 
humidity and used by the same hatchery.  This 
emphasizes the importance of constantly 
monitoring hatch progression and chick 
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quality so that proper adjustments can be 
made to each machine in order to maximize 
uniformity of hatch progression and chick 
quality. 

2.  There is significant intra-hatcher and inter-
hatcher variation within a hatchery even when 
the same breeder flock is compared in 
machines of the same type and of the same 
manufacturer.  Ideally, one should see no 
more than 20 percentage points for intra-
hatcher variation and 5 percentage points for 
inter-hatcher variation. 

3. The type of breed and age of the breeder flock 
has a significant effect on the progression of 
the hatch. 

4. Egg position during incubation has a 
significant influence on hatch progression in 
the hatcher.  Due to the common use of the 
Texas transfer method in broiler hatcheries, 
frequently the top and bottom hatcher trays 
are hatching ahead of the middle trays. 

5. Handling, storage and pretreatment of 
hatching eggs prior to setting often has a 

significant effect on hatch progression and 
final chick quality. 

6. Examination of chicks during hatch 
progression monitoring is often a useful 
indicator of final chick quality. 

7. In general, prematurely hatched chicks are a 
more common problem than delayed hatched 
chicks. 
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Hepatitis-splenomegaly (HS) syndrome is a 
disease of both layer and broiler-type chickens 
characterized by increased mortality and decreased egg 
production.  The syndrome is most common in laying 
hens between 30 and 72 weeks of age, with the highest 
incidence occurring between 40 and 50 weeks of age.  
The syndrome was first reported in western Canada in 
1991, and since then has been recognized in the United 
States.  There are no specific clinical signs associated 
with this syndrome.  In some outbreaks, decreased egg 
production by as much as 20% has been reported.  
Weekly mortality can exceed 1.0% in some instances.  
Birds that die from this syndrome are generally in good 
body condition but may have pale combs and wattles.  
Reported gross lesions include clotted blood in the 
abdominal cavity and/or on the livers, as well as red 

fluid within the abdominal cavity.  Livers can be 
enlarged, friable, and stippled with pale white, red or 
tan foci.  Subcapsular hematomas can be seen 
occasionally in the liver.  Spleens can be severely 
enlarged and pale. Ovaries are often regressing.  
Microscopically, liver lesions range from multifocal to 
extensive hepatic necrosis and hemorrhage, with 
infiltration of mononuclear inflammatory cells around 
portal triads.  Infiltration of lymphocytes in and around 
the blood vessels in the liver is a characteristic lesion 
of this syndrome.  Microscopic lesions in the spleen 
include lymphoid depletion, hyperplasia of 
mononuclear phagocytic system cells and the 
accumulation of eosinophilic material in and around 
small arteries and in the interstitium of the vascular 
sinuses.  Similar eosinophilic material can also be 
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present in the interstitium of the liver.  This material is 
usually positive for amyloid using Congo red stain. 

No bacteria have been isolated consistently from 
affected livers and spleens of birds with HS.  Serology 
has been unremarkable for various diseases.  
Toxicologic testing of the livers for heavy metals and 
feed for mycotoxins has been negative. 

In the bile from some of the chickens with HS, we 
have observed viral particles ranging in size from 30 to 
35 nm by negative stain electron microscopy.  By RT-
PCR and sequencing of a part of the RNA genome, the 
virus has been characterized as a hepatitis E-like virus.  
However, a definitive causal relationship between the 
hepatitis E-like virus identified in the bile of chickens 
and HS syndrome remains to be determined. Hepatitis 
E viruses have also been identified in humans, pigs and 
rodents. 

The HS syndrome appears to be similar to Big 
Liver and Spleen (BLS) disease described in Australia 
in 1988. BLS is also characterized by decreased egg 
production, increased mortality and enlargement of the 
liver and spleen of mature broiler breeders and egg 
layers. A hepatitis E-like virus has been identified as 
the cause of BLS.  Antibodies to BLS have been 
demonstrated in chickens in the US.  We have 
determined that there is a 79 % nucleotide sequence 
homology between viruses associated with HS and 
BLS. Positive serology for BLS in the US and the 
genetic similarity between the viruses associated with 
HS and BLS suggests that these two viruses are closely 
related. 
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A 5-10% decrease in egg production and sudden 
increase in mortality (up to 1.5% per week) in 30-32 
weeks old female Pekin ducks were observed in a 
commercial breeding flock of 1,500 birds.  Males from 
the same flock were clinically normal and did not have 

increased mortality.  Mortality decreased to 0.8% after 
five days of treatment with tetracycline in the drinking 
water; but two weeks after treatment the mortality 
again rose to 1.5%.  Although hatchability was 
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maintained within the expected values, egg production 
never reached normal levels. 

At necropsy, the most striking lesions were in the 
oviduct, which was enlarged and distended, with a 
congested serosal surface, and accumulation of yellow-
white caseous casts in the lumen of the magnum and 
part of the isthmus. Mucosal epithelium of the oviduct 
was necrotic and the ovary had regressing ova. 

Histologically, moderate to large amounts of 
necrotic debris, bacteria, and degranulated heterophils 
were in the lumen of the oviduct, mainly vagina and 
shell gland.  Scattered flagellated protozoa were 
observed within the necrotic debris and on the surface 
of the mucosa of the vagina and shell gland.  Most of 
their mucosal epithelium was necrotic.  In addition, 
numerous macrophages, lymphocytes, and plasma cells 
infiltrated their lamina propria. 

Bacteriologic cultures revealed large numbers of 
E. coli from the oviduct. Trichomonads were recovered 
from the vagina and shell gland cultures. Examination 
by scanning electron microscopy revealed that the 
Trichomonads were oval (6-8µm long by 4.5-6µm 
wide), with an anterior nucleus and short axostyle, 
which protruded less than 1µm beyond the body. There 
were four anterior flagella, and an undulating 
membrane extending over the entire length of the body 
finishing in a long, posterior flagellum, consistent with 
the genus Tetratrichomonas.  

A number of different trichomonads have been 
reported from birds and mainly affect the digestive 
tract. In severe cases of enteritis in ducks, 
Tetratrichomonas anatis has entered the oviduct from 
the cloaca causing salpingitis (2). The lesions in the 
ducks of this report were confined primarily to the 
oviduct, and enteritis was not observed.   

In the present case, the protozoa were 
morphologically most similar to those of the genus 

Tetratrichomonas and differed in size and/or number of 
flagella from other trichomonads commonly recovered 
from ducks, including T. anatis and Trichomonas 
gallinae. The dimensions and number of flagella are 
similar to T. anseris (3). In addition, comparative 
sequence analysis of the 5.8S rRNA gene and the 
flanking internal transcribed space regions of the 
trichomonad isolate did not closely match with 
available sequences of the same region of other 
trichomonadid protozoa. 

Both trichomonads and E. coli have been 
associated with salpingitis and vaginitis, causing 
mucosal inflammation and necrosis (1,3).  Damage to 
epithelium of the reproductive tract then may allow 
secondary infections to develop. Since both 
trichomonads and E. coli were isolated from oviduct, it 
is difficult to determine whether either played a 
primary role in the disease. 

 
(The full length article has been accepted for 
publication in the Journal of Veterinary Diagnostic 
Investigation) 
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This investigation was prompted by the 

observation in Thailand (corn/soya based ration) of oral 
lesions in 20 week old broiler breeders associated with 
feeding fine mashes from 8 weeks of age. Other birds 
on diets compounded at the same feedmill from the 
same raw materials but pelleted were not affected. T-2 
assays on feed could not demonstrate any detectable 
mycotoxin (detection limit 50 mg/kg) and associated 
production problems included inability to maintain 

uniformity.  The incidence and severity of the lesions 
peaked at peak feed intake.  Initially the lesions are 
seen on either side of the tongue with food particles 
adhering to the discrete areas (1 to 5 mm in diameter).  
Lesions then develop on the hard pallet rostral to the 
palatine cleft and/or in the top of the pharynx. No 
lesions in other tissues were observed. 

Although these lesions have been described before 
on experimental diets (Gentle M., Aetiology of food-
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related oral lesions in chickens. Res. Vet. Sci. 40: 219-
224.1986.) I know of no recorded cases in the field.  It 
is suggested that the pathogenesis of the lesion 
involves an impairment of the normal oral hygiene 
process with a lack of bigger feed particles leading to 
less efficient cleaning of oral mucosa. This condition 
appears to be common in Asia and other parts of the 
world where pellet quality is poor and may be being 
misdiagnosed at T-2 toxin ingestion. In contrast to 

reported T-2 associated lesions no lesions on the 
commisures of the beak were observed. In another case 
observed in Russia (wheat based ration) lesions healed 
rapidly after the pellet quality improved.  Production 
effects of these lesions in lay appear to be mild unless 
confounded with hot environmental temperatures.  In 
this latter case eating up time will extend and feed 
consumption will decrease with dramatic effects on egg 
production. 

  

THE USE OF ANTICOCCIDIAL DRUGS IN BROILER CHICKENS 
IN THE USA FROM 1995 TO 1999 
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Department of Poultry Science, University of Arkansas, Fayetteville, Arkansas 72701 

 
INTRODUCTION 

 
Anticoccidial drugs have been used for the control 

of coccidiosis for many years and today almost all 
commercial broilers are reared with an anticoccidial 
agent in their feed.  Many compounds have been 
introduced but at the present time, in the USA, about a 
dozen are utilized.  They can be categorized as either 
polyether ionophorous antibiotics (ionophores) that are 
produced by fermentation, or synthetic compounds 
(often referred to as "chemicals") that are produced by 
chemical synthesis.  In some cases birds are given one 
drug, but two or more (so called "shuttle" programs) 
may be given during the life of a flock.   The term 
"program" will be used to refer to the compounds used 
for the life of a single flock.  By utilizing different 
permutations of drugs, about forty different programs 
have been employed in the USA in recent years. 
  A database has been developed that provides 
accurate, frequent information on a monthly basis from 
individual poultry plants (1).   In addition to the drugs 
employed by each plant, the final bodyweight and 
measurements of performance such as calorie 
conversion (a measure of feed efficiency), the number 
of days taken to grow a flock to a specified average 
weight, and % mortality are included. Results for the 
years 1995 to 1999 were examined to provide 
information on the types of program and their 
frequency of use, and whether there was any 
correlation with performance characteristics of the 
birds. 
 

RESULTS 
 

Feeds. Most plants provided data for three feeds 
(starter, grower, and final withdrawal).  Approximately 
45% of plants used a fourth feed (first withdrawal) 

before the final withdrawal feed.  The actual period for 
which each feed was given varied for different plants.  
The mean duration of feeding periods was 17 days 
(range 9-25) for the starter feed, 17 days (range 11-30) 
for the grower feed, 10 days (range 4-22) for the first 
withdrawal feed, and 8 days (range 1-28) for the final 
withdrawal feed. 

Programs. An anticoccidial was used in the starter 
and grower feeds by 99 % of plants, and in the first and 
final withdrawal feeds by 41 % and 6 % of plants 
respectively.  
  The overall use of a single ionophore (ION), 
chemicals followed by an ionophore (CHE/ION) or 
two different ionophores (ION/ION) was 60.5 %, 27.5 
% and 9.2 % respectively during the 5-year period.   
An ION program was used more frequently than an 
ION/ION program throughout the years, and more than 
a CHE/ION program except for the months of March, 
April, and May, when use was similar.  Use of an ION 
program increased from June to September but 
subsequently declined.  A CHE/ION program was used 
more frequently than an ION/ION program from 
December to July with a peak during March and April.  
No seasonal pattern in the use of an ION/ION program 
was apparent.  A progressive increase in the use of an 
ION program was apparent during the 5-year period 
but use of a CHE/ION and ION/ION program 
gradually declined. 

There was no significant difference in the use of an 
ION, or CHE/ION program, whether the final weight 
of birds was 1.5 to 2.0 kg, 2.0 to 2.5 kg, or > 2.5 kg.  

The frequency with which different program types 
were employed during the 5-year period was extremely 
variable. The average number of changes made by 50 
plants per year during the 5-year period was 2.1.  There 
was a significant difference in the duration of ION, 
CHE/ION, and ION/ION programs.  No consistent 
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pattern was evident in the sequence with which 
different types of programs were employed where birds 
were reared to different weights.  Thus an ION 
program was equally likely to be followed by an 
ION/ION or a CHE/ION program.   

No significant difference in calorie conversion or 
the number of days to 2.27 kg was found whether an 
ION, or CHE/ION program was used.  Mortality was 
significantly higher where a CHE/ION program had 
been employed. 

No significant differences in calorie conversion, 
days to 2.27 kg, or % mortality were observed for a 3 
month period before and after a change from an ION to 
CHE/ION program and vice versa.   No significant 
difference in the number of days to 2.27 kg was 
observed where use of a chemical had been less than 
10%, or more than 40%, during the previous 4 years.  
Calorie conversion and % mortality were significantly 
higher in plants where use of a chemical had been more 
than 40%. 
Individual drugs.  Salinomycin was the most 
frequently used anticoccidial in a single drug program 
followed by narasin, monensin, and lasalocid.  

Semduramicin was first reported from November 1996 
and was occasionally used in the starter, grower, or 
starter and grower feeds.  Nicarbazin (followed by 
various ionophores) was the most frequently used 
chemical.  Maxiban® and chemicals such as zoalene, 
robenidine, and halofuginone were occasionally 
utilized.  

Percent mortality reported during the first week of 
age was significantly higher in plants where nicarbazin 
was used, compared with those where salinomycin had 
been employed.  No significant differences in mortality 
were apparent at other times. 

There was a significant difference in the use of 
salinomycin and nicarbazin in different regions of the 
USA during March and April.  Nicarbazin was used 
more frequently in the north and south east whereas 
salinomycin was used more frequently in the south 
central region.  
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SUMMARY 

 
HISTOSTAT (nitarsone) is approved for use in the 

feeds of chickens and turkeys at 0.01875% as an aid in 
the prevention of blackhead. While used as a blackhead 
preventative, its anticoccidial efficacy is of interest. 
Mathis showed the efficacy of nitarsone against 
pathogenic turkey coccidia following experimental 
infection. This presentation will show the results and 
statistics of 12 anticoccidial sensitivity tests (AST) 
using different field isolates of coccidia. Nitarsone 
treatments, compared to the infected non-medicated 
controls, had varying effects on weight gain, feed 
conversion, lesion score and mortality against different 
strains of turkey Eimeria. Nitarsone does have activity 
against pathogenic turkey coccidia, as demonstrated 
under the conditions of these anticoccidial sensitivity 
tests. 

INTRODUCTION 
 
In recent years it appears that blackhead 

(histomoniasis) has resurfaced as a disease of concern 
for the commercial chicken (1) and turkey (2) industry.   

 
Blackhead is caused by the protozoan Histomonas 
meleagridis. HISTOSTAT (3) (nitarsone, 4-
nitrophenylarsonic acid) is approved for use in the 
feeds of chickens and turkeys at 0.01875% (170.3 
grams/ton or 187.3 ppm nitarsone) as an aid in the 
prevention of blackhead (21 CFR §558.369).  
Nitarsone has been reported (4) to be effective against 
the causative agent of blackhead in turkeys, H. 
meleagridis.  Early medication is essential to prevent 
spread of the disease.  Blackhead is difficult to 
eliminate from farms with a history of the disease; 
preventative medication is the best way to control the 
disease.  Nitarsone is currently the only medication 
marketed in the United States for prevention of 
blackhead.  Some turkey producers that use nitarsone 
to prevent blackhead in their flocks have inquired if 
there is a risk for coccidiosis outbreaks.  There are few 
indications that this does occur.  Currently in the 
United States, the Food and Drug Administration has 
not approved the use of nitarsone in combination with 
any of the anticoccidials. 

Boucher (5) showed that nitarsone decreased the 
Cochlosoma challenge and provided limited protection 
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against the effects (decreased weight gain, increased 
feed conversion) caused in turkeys experimentally 
infected with Cochlosoma. In the southeast and lower 
midwest, nitarsone is commonly used in turkey feeding 
programs during the brooding phase of the summer 
months to control Cochlosoma infections (6). Since it 
is most commonly used during the brooding phase, 
replacing approved anticoccidial feed medications, its 
anticoccidial efficacy is of interest. Mathis (7, 8) 
reported that roxarsone (3-NITRO, 3-nitro-4-
hydroxyphenylarsonic acid) (9) and nitarsone both 
have anticoccidial activity against pathogenic turkey 
coccidia. 
 

MATERIALS AND METHODS 
 

Twelve anticoccidial sensitivity tests were 
conducted to evaluate the efficacy of nitarsone against 
important species of coccidia of turkeys.  Each of the 
12-anticoccidial sensitivity tests was conducted 
separately; however, the procedures used were 
approximately the same.  A different field isolate of 
coccidia was used in each test.  Two-week old 
commercial type turkeys obtained from a commercial 
hatchery and kept in wire-floored, electrically heated, 
battery brooders were used in all tests. The turkeys were 
provided their experimental diets two days before 
infection and maintained on these treatments until the 
termination of the trial for a total test period of 8 days.  
There were four replicate pens of four or five birds each 
per treatment.  Treatments included: controls (non-
medicated and non-infected), infected controls (non-
medicated) and nitarsone treated birds (infected). When 
nitarsone was included in the feed it was at a level of 
0.01875%.  This dietary level of nitarsone is approved 
as an aid in the prevention of blackhead in chickens 
and turkeys.  In each trial sporulated oocysts, properly 
agitated and suspended in sterile distilled water, were 
given in amounts of 1.0 ml and inoculated directly into 
the turkey crop by means of a blunt needle attached to a 
calibrated syringe.  The birds were challenged with 
oocysts of Eimeria meleagrimitis, E. meleagrimitis and 
E. adenoeides combined, E. adenoeides, and E. dispersa.  
The Eimeria used were isolated from samples submitted 
from turkey flocks in North Carolina (eleven samples) 
and Texas (one sample) and, represented four different 
commercial turkey companies. Some flocks had a history 
of nitarsone use. The species identification was based 
solely on oocyst size and location in the gastrointestinal 
tract. 

At the termination of each trial, the surviving poults 
were sacrificed, necropsied and scored for gross lesions 
of the intestines.  All birds that died during the 
experiments were subjected to necropsy; proper 
diagnoses made, and gross lesions scored.  The intestinal 
lesions were scored at 0 = normal, 1 = slight, 2 = 

moderate, 3 = severe and 4 = dead.  In addition, bird 
group weight, feed intake, feed conversion and mortality 
records were kept. 

Each anticoccidial sensitivity test was conducted 
separately between 1996-1998.  Data for the non-
medicated non-infected control (UUC), non-medicated 
infected control (IUC) and nitarsone treatments were 
put into a file.  The SAS® (10) program was used to 
analyze these data. The terms “test” and “trial” are 
used interchangeably in this text. 

These tests were considered a completely 
randomized design.  The pen was the experimental 
unit.  The model included treatment.  Treatment is a 
fixed effect, so the fixed effect model was used.  The 
summary variables were weight gain, feed conversion 
ratio (feed to gain), average feed consumption (not 
included in summary), average lesion score, and 
mortality for each pen.  Where no mortality occurred, 
no analysis was performed.  An analysis was 
performed on the data using the PROC GLM procedure 
of SAS.  All percentage data were transformed (11) 
(arc sin square root) prior to analysis.  Back-
transformed percentages were used for summary.  
Treatment effects were considered significant at P 
<0.05.  When treatment effects were determined to be 
significant (P <0.05), means were separated using t-test 
probabilities generated by the LSMEANS option of 
SAS. 

There were eight tests where the field isolate was 
E. meleagrimitis.  In an attempt to pool these data, 
analyses were conducted where the model included 
treatment, trial and the treatment by trial interaction.  
There were two tests where the challenge contained 
both E. meleagrimitis and E. adenoeides.  In an attempt 
to pool these data, analyses were also conducted using 
the data from these two tests where the model included 
treatment, trial and the treatment by trial interaction. 
 

RESULTS 
 

In most of the anticoccidial sensitivity tests where 
the challenge resulted in a significant (P <0.05) 
depression in weight gain, the birds medicated with 
nitarsone gained weight at a rate that was generally less 
than the control but greater than the infected control 
birds.  Feed conversion followed a similar pattern 
where those birds medicated with nitarsone had feed 
conversion ratios that were higher than the control but 
lower than the infected control birds.  Intestinal lesion 
scores tended to be lower for those birds medicated 
with nitarsone compared to the infected controls.  
Mortality from coccidiosis occurred in only 2 of the 12 
tests and no birds medicated with nitarsone died as a 
result of coccidiosis. 

The data from those eight tests where the field 
isolate was E. meleagrimitis could not be pooled. There 
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were significant (P <0.05) trial by treatment 
interactions.  The same is also true for the two tests 

where the challenge contained both E. meleagrimitis 
and E. adenoeides (Table 1). 

 
 
 
 
Table 1. Anticoccidial sensitivity of nitarsone (Eimeria meleagrimitis and E. adenoeides challenge) for trial TU-8-
96 and TU-28-96. 

Trial and Treatments1 Weight gain (g) Weight gain (%)2 Feed Conversion Lesion Score Mortality (%)3 

TU-8-98  
UUC 295a 100 1.753b 0c 0b 
IUC 187c 63 2.646a 2.2a 11.61a 
Nitarsone 236b 80 1.888b 0.9b 0b 
     SEM4 12 -- 0.115 0.2 3.83 

TU-28-98  
UUC 373a 100 1.616b 0c 0 
IUC 225b 60 2.343a 2.5a 0 
Nitarsone 234b 63 2.279a 1.8b 0 
     SEM 12 -- 0.172 0.1 -- 

 
1LSMEANS are provided for each treatment.  Treatments included non-medicated non-infected control 

(UUC), non-medicated infected control (IUC) and infected nitarsone-medicated.  When nitarsone was included in 
the feed it was at the level of 0.01875 %. 

2 Percentages are expressed as a proportion of the UUC treatment. 
3 Data for the percentages of mortality were transformed (arc sin square root) prior to analysis.  The percentages 

were back-transformed for presentation. 
4 Standard error of the LSMEANS (SEM). 
a,b,c Means within columns with different superscripts are significantly different (P < 0.05). 

 
DISCUSSION 

 
The degree of anticoccidial efficacy for nitarsone 

varied from isolate to isolate.  The same thing can be 
observed with an anticoccidial after varied periods of 
use.  It is reasonable that the different field isolates of 
Eimeria would differ, to some degree, in their 
sensitivity to nitarsone because some of them were 
previously exposed to the drug.  Nitarsone has been 
used by the turkey industry for approximately fifty 
years. 
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ABSTRACT 
 

We have developed a fluorescence-based 
electrophoretic procedure for the identification of all 
seven currently recognized species of Eimeria which 
infect chickens. The second internal transcribed spacer 
(ITS-2) of ribosomal DNA was amplified by PCR 
using conserved primers labeled with fluorescent dyes. 
The amplicons were subjected to denaturing 
polyacrylamide gel electrophoresis using a 377 DNA 
sequencer (ABI) and analysed with GeneScan’ 
software. Using control DNA samples extracted from 
multiple strains of each species, we identified peaks in 
the chromatograms that were diagnostic of each of the 
seven species, although some variation in the 

chromatograms was detected. Application of these 
results allowed us to determine the species composition 
of isolates from Australian and non-Australian poultry 
farms. The PCR step involved a single reaction for 
each sample, and electrophoretic reading and analysis 
was carried out automatically using a computer 
imaging system, thus making it a time- and cost-
effective approach. It is well suited for high throughput 
screening of oocyst samples and should find 
applicability as a tool for prevalence studies, 
monitoring of coccidiosis outbreaks and the quality 
control of laboratory strains. 
 
(The full manuscript of this paper is submitted to the 
International Journal for Parasitology for publication) 
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SUMMARY 
 

Copper sulfate has been used as a growth stimulate 
in broiler production.  For environmental reasons there 
is a desire to reduce use rates of copper and thus litter 
residual levels.  In this trial, copper sulfate (0.75 
kg/tonne) was compared to two levels of organic 
copper [Protide Copper (Alltech, Inc., Nicholasville 
KY) 0.25 and 0.5 kg/tonne] and a negative control.  
Both organic copper levels gave numerically improved 
male and female 42 day broiler body weights compared 
to both copper sulfate and the negative control; the 
higher organic copper level was statistically superior.  
There was a numerical trend for improved feed 
conversion with the organic copper although not 
significant.  These data indicate that organic copper can 
replace copper sulfate as a growth stimulate while 
reducing litter copper levels. 
 

INTRODUCTION 
 

Copper sulfate has been used extensively in 
poultry and livestock production as a growth stimulant 
(1).  The attraction to copper rests primarly in its low 
cost.  However, the use of high copper levels has come 
under criticism and in some cases legislative pressure 
(2) due to the higher litter levels which in turn are 
reflected in higher soil copper levels when land 
spreading is the method of disposal.  Organic trace 
minerals have been shown to have increased efficacy in 
many applications as compared to inorganic minerals 
(3,4,5,6). 

The current study was to compare the efficacy of 
copper sulfate to organic copper (Protide Copper 
(Alltech, Inc. Nicholasville, KY) as growth stimulants. 

 
MATERIALS AND METHODS 

 
Broiler Chicks and Husbandry.  Newly hatched 

straight run broiler chicks (Ross X Ross) were obtained 
from Seaboard Farms, Ltd., Athens, GA.  The parent 
flock was 52 weeks of age. They were feather sexed 
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and placed (25 males, 25 females) at random within 
sex in 32 (4 treatments with 8 reps) floor pens.  Pens 
(1.5 X 2.1 m) had 10 cm of reused litter (it had been 
mixed and redistributed to pens), 40 cm of fresh pine 
shavings was top dressed.  This was done to simulate 
commercial conditions and to provide a challenge for 
the birds.  Each pen had two tube-type feeders and one 
Plasson-type automatic waterer.  Subtracting out the 
equipment, the bird density was 14 birds / m2.   
Mortality was replaced during the first 3 days.  The 
starter, grower, finisher feeds were formulated to be 
representative of commercial feeds used in the south 
east United States based on average calculated analysis 
(Agri Stats, Inc., Fort Wayne, IN).  Nicarb (Nicarbazin, 
125 g /tonne) was used in the starter ration, Bio-Cox 
(salinomycin, 60 g / tonne) in the grower and finisher 
rations.  Again this is representative of anticoccidiosis 
programs used in the region.  There were no growth 
promoting antibiotics added to the feed. 

Treatments consisted of: negative control; copper 
sulfate 0.75 kg (185 ppm Cu) / tonne; Protide Cu 
(10%) 0.5 kg (25 ppm Cu)/ tonne; and Protide Cu 
(10%) 0.25 kg (50 ppm)/tonne. 

Means and analysis of variance for weight gain 
and feed conversion were calculated using the General 
Linear Models procedure of SAS (7).   
 

RESULTS AND DISCUSSION 
 

There were no sex by treatment interactions so 
male and female data were pooled for analysis.  Copper 
sulfate fed birds did not differ from the control for 
either feed efficiency or 42-day body weight (Table 1).  
This would indicate that the challenge provided by the 
used litter was not sufficient to confer an advantage to 
the copper sulfate treated birds compared to the 
control.  This was not totally unexpected.  When 
12,153 trials were reviewed (8) the addition of 
antibiotic growth promoters were found to enhance 
performance 72% of the time.   The conditions of this 
trial were such the benefit of copper sulfate was not 
expressed. 

Protide Cu at the higher level supported 
significantly greater growth than either the control 
treatment or copper sulfate.  The lower Protide Cu 
level was intermediate.  There were no statistical 
differences in FCR, although there was a numerical 
trend which may be worth further investigation with a 
design that would differentiate small differences in 
FCR as standardizing FCR by weight would give a 
numerical improvement which could have commercial 
interest. 

Protide Cu gave an improvement in growth over 
copper sulfate, with less copper added.  This in turn 
would mean less copper excreted, and thus less copper 
in the manure when it was land applied.  Protide Cu 
thus can serve as an alternative to copper sulfate, with 
reduced environmental impact. 
 
Table 1.  Effect of Protide Cu and Copper Sulfate on 
42-Day Broiler Performance 
  
    Wt. Gain (kg) FCR 
Control    2.275b  1.835a 
CuSO4 0.75 kg  2.266b  1.835a 
Protide Cu O.25kg 2.307ab  1.833a 
Protide Cu 0.5 kg  2.348a  1.824a 

abMeans within a column with different letters differ 
significantly (P<0.05) 
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Heat shock protein 70 (HSP70) plays a major role 

in cellular adaptive responses to a number of stressors 
(1-3). Exposure of poultry species to mild stressors 
over a period of time enhances HSP70 expression, but 
eventually, the birds become acclimated and no further 
increase in cellular HSP70 can be demonstrated (3). 
However, one of the negative aspects of induction of 
HSP70 in response to a stressor is the fact that HSPs 
are synthesized preferentially to other cellular proteins 
(1-3).  

In June 2000, organic selenium yeast (Sel Plex, 
Alltech, Inc., Nicholasville, KY 40356)) was approved 
by the US Food and Drug Administration as a source 
for feed-supplemented selenium for chickens. 
Selenium is an essential trace element that is involved 
in the regulation and control of the body’s antioxidant 
glutathione and glutathione peroxidase system. This 
system plays a major role in the control of reactive 
oxygen metabolites (ROM; 4). It has been reported that 
selenium supplementation to chickens improved their 
resistance to the stress caused by E. coli infection and 
by exposure to cold (5). Exposure of animals to 
thermal extremes and bacterial infection are stressors 
that increase metabolic activity with a resultant 
increase in ROM production (4). HSP70 is also 
involved in mechanisms protecting the body from the 
deleterious effects of ROM (6,7). Furthermore, there 
are data that suggest a strong relationship between  
thiol oxidation and HSP70 synthesis in stressed cells 
(8). 

Therefore, it was important to explore the 
possibility that selenium might be playing a role in the 
induction of heat shock proteins as well as playing a 
role in the glutathione system. Studies were conducted 
to determine the influence of Sel Plex supplementation 
to broiler chickens on the induction of HSP70 and 
glutathione response either to a bacterial challenge or 
to an acute heat distress. 
 

MATERIALS AND METHODS 
 

Broiler chickens and husbandry. Newly hatched 
male broiler chickens (Arbor Acres X Arbor Acres) 
were obtained from the North Carolina Agricultural 
Research Service Poultry Field Research Laboratory 

hatchery and reared in an environmentally-controlled 
isolation facility. The chicks were neck-tagged and 
placed in heated brooder-grower batteries with raised 
wire floors. Brooding temperature was 95 F (35 C), and 
this temperature was decreased incrementally (4 C at a 
time) to 70 F (20 C) by the time the birds were 21 days 
old. The photoperiod was 23 hours light and 1 hour 
darkness.  

The experimental diets consisted of a Starter diet- 
3177 kcal/kg ME, 22.5% CP (1-16 days of age), 
Grower diet- 3168 kcal/kg, 19.5% CP (16-35 days of 
age), and Finisher diet- 3160 kcal/kg, 17.5% CP (35-42 
days of age). The diets were supplemented with 
organic selenium (Sel Plex, Alltech, Inc., Nicholasville, 
KY 40356) at a selenium level of 0.2 mg/kg of feed. 
The background levels of selenium were 0.28 mg/kg, 
0.28 mg/kg, and 0.24 mg/kg, respectively, in the 
starter, grower and finisher diets. Body weights and 
feed conversions (FCR) were determined at 21 and 42 
days of age (42 days data are presented here), and 
mortality was recorded on a daily basis.  

Two different 2 x 2 factorially arranged studies 
were conducted and involved 60 chicks per treatment 
group in each study. The first involved a day one post-
hatch intranasal challenge by an enteropathogenic 
Escherichia coli, and the second involved an acute heat 
challenge to chicks that had been raised in a 
thermoneutral environment.  

Enteropathogenic Escherichia coli. The 
enteropathogenic E. coli (serotype O1, EPEC) was 
grown overnight at 37 C in trypticase soy broth. The 
EPEC challenge dose (106 CFU/mL) was administered 
in a volume of 100 µL into the external nares to 1d old 
chicks. There were four treatment groups: 1. No 
supplemental selenium, no EPEC (sterile trypticase 
broth); 2. Sel Plex, no EPEC (sterile trypticase soy 
broth); 3. No supplemental selenium + EPEC; 4. Sel 
Plex + EPEC. The EPEC challenge was boosted on 
days 2, 3, and 4 post hatch by adding 15 mL of the 
culture (10 X 106 CFU/ mL) to the drinking water. 

Heat distress. The treatment groups are described 
as follows: 1. Control  (no supplemental selenium, no 
heat distress); 2. Sel Plex, no heat; 3. Heat distress 
control (no supplemental selenium + heat distress); 4. 
Sel Plex + heat distress. At 42 days of age, 20 birds per 



 
 

 65 

groups were subjected to heat distress by a one hour 
exposure to an elevated ambient temperature (40 C) in 
a temperature controlled chamber. Mortality was 
monitored, but there were no deaths during the short 
exposure period.  

Tissue sampling and preparation. In each of the 
two separate studies, 20 birds per treatment group were 
killed by carbon dioxide asphyxiation. In the EPEC 
challenge study, a 1 g sample of the liver and two 1 g 
ileum samples were dissected and placed into ice-cold 
protein buffer. The tissues were washed three times to 
rinse away blood and were then homogenized. 
Supernatants were collected after a 1 hr 100,000 x G 
centrifugation. The total protein content was 
determined for each sample. Total, oxidized and 
reduced glutathione, and the Reduced:Oxidized 
glutathione ratios (R:O) were determined in the ileum 
(EPEC challenge study) and blood (heat distress study) 
colorimetric assays modified for a plate reader (OXIS 
International, Inc., Portland, OR 97217-3935). The heat 
shock protein 70 (HSP70) determinations were 
conducted with procedures using an enzyme-linked 
immunosorbent assay (9).  

Statistical analysis. The HSP70 data were 
analyzed as a completely randomized design using the 
general linear models procedure of the statistical 
analysis system (10). When significant (P#0.05), main 
effect means were separated using least significant 
difference (LSD; 10).  
 

RESULTS 
      

There were significant effects due to Sel Plex and 
EPEC challenge (Table 1). Broilers given Sel Plex 
were significantly heavier, had improved FCR and 
lower mortality rates than birds not given a selenium 
supplement. Additionally, there was a Sel Plex X E. 
coli interaction in which, Sel Plex supplemented 
broilers with EPEC challenge were significantly 
heavier, had improved FCR, and lower mortality than 
EPEC challenged broilers without the selenium.  In the 
heat distress study, Sel Plex-supplemented broilers had 
greater BW (2291g vs. 2004g), improved FCR, (1.84 
vs. 1.98) and reduced mortality (5.7% vs. 18.3%) 
compared to those broilers with no selenium 
supplementation. There were no mortalities in broilers 
subjected to acute heat distress. 

The HSP70 concentrations in the ileum from 
EPEC-challenged broilers were elevated significantly 
in both Sel Plex (Sel Plex, no E. coli- 0.305c and Sel 
Plex + E. coli- 0.806b in OD/ng total protein) and No 
Selenium (No selenium, no E. coli- 0.277c and No 
selenium + E. coli- 1.229a in OD/ng total protein) 
groups. Sel Plex supplementation allowed a smaller 
ileum HSP70 elevation when the broilers were 
challenged. Hepatic HSP70 was not affected 

significantly either by EPEC challenge or by selenium. 
With heat distress, Sel Plex compared with No 
Selenium supplementation was associated with 
significantly lower constitutive (0.90c vs 1.04b OD/ng 
total protein) and inducible (0.93c vs. 1.12a OD/ng total 
protein) hepatic HSP70 concentrations.  

EPEC challenge increased ileum total glutathione 
content, but selenium did not influence that response 
(Table 2). Oxidized (GSSG) and reduced (GSH) 
glutathione in the ileum were elevated significantly by 
EPEC challenge, and Sel Plex treatment increased 
ileum GSSG in both challenged and nonchallenged 
birds. The concentration of GSH was increased 
significantly by EPEC challenge but was not affected 
by selenium. The ratios between GSH and GSSG (R:O) 
were elevated significantly in those birds given the 
diets without supplemental selenium in comparison to 
the ratios for birds in the Sel Plex groups.  

Neither heat distress nor Sel Plex had any 
influence on either total blood glutathione or GSH 
concentrations (Table 3). However, blood GSSG was 
elevated by both heat distress and Sel Plex 
supplementation resulting in lower R:O ratios. 
 

DISCUSSION 
 

The National Research Council established 0.1 
ppm of selenium as the minimum necessary to sustain 
growth and performance in broiler chickens (11), and 
the background selenium levels in the feeds used in 
these studies (0.24 to 0.28 ppm) ostensibly were 
adequate. However, those background levels were not 
sufficient to allow broilers to attain the same BW 
performance as those given Sel Plex. The FCR and 
mortality rates also were elevated significantly when 
the birds were given diets with less than adequate 
selenium, and those birds ultimately suffered from the 
development of a stress reaction characterized by 
elevated tissue concentrations of HSP70. Based upon 
the HSP70 response, one could conclude that 
consumption of inadequate levels of dietary selenium 
conferred the ability to resist some stressors, but that 
may be an inappropriate conclusion.  

The expression of HSP70 is a classical sign of 
stress in animals because it is the physical 
manifestation of specific genes that are induced to 
combat stressors (1-3,7). However, there is a cost for 
this response, and it is paid in reduced growth due to a 
lower rate of synthesis of structural proteins in 
chronically stressed animals. In the studies reported 
herein, broilers given diets without supplemental 
selenium had higher constitutive levels of HSP70 than 
those given organic selenium as Sel Plex. Additionally, 
when those animals were subjected either to an EPEC 
challenge or to an acute heat distress, the inducible 
HSP70 concentrations were significantly greater in 
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those birds given diets without supplemental selenium. 
One could conclude that selenium inhibited 
development of the HSP70 response, making those 
birds receiving it more susceptible to the deleterious 
effects of stressors. One could also conclude that 
inadequate dietary selenium is a stressor in its own 
right and increases the level of stress proteins and 
reduced growth. 

However, the glutathione redox cycle must be 
considered because HSP70 expression is responsive to 
increased thiol oxidation (GSSG production) and loss 
of cellular GSH as indicated by a lower R:O ratio (8). 
Normally, oxidative stress will induce an increase in 
blood and tissue concentrations of GSH (12) consistent 
with the observations reported here. The increased 
GSH can then react with ROM leading to the formation 
of GSSG. This was also found in treatments with 
EPEC and heat distress and would be consistent with 
increased ROM. The increase in GSSG would then 
induce increased levels of HSP70 as was apparent in 
those groups of animals given diets with inadequate 
selenium. However, with Sel Plex, the ileum HSP70 
concentration in EPEC challenged birds and hepatic 
concentrations in heat-distressed birds were decreased 
significantly. This was contrary to the expected 
response, but may point to the mechanism whereby 
lower HSP70 indicated improved tolerance to stressors.   

Although not measured in these studies, 
glutathione peroxidase activity is elevated significantly 
with the addition of organic selenium to poultry diets 
(12). Reduction of organic peroxides by glutathione is 
catalyzed by glutathione peroxidase and leads to 
increased oxidation of GSH to GSSG (13). Normally, 
within a few days after chickens begin to consume Sel 
Plex, maximal glutathione peroxidase activity can be 
achieved. Higher glutathione peroxidase activity in Sel 
Plex fed broilers will catalyze a more rapid oxidation 
of GSH to GSSH consistent with observations in these 
studies. Normally, GSSG is reduced back to GSH by 
GSH reductase. Reduction of GSSG back to GSH can 
be limited by the glutathione reductase activity if there 
is a rapid build-up of GSSG. In fact, there was an 
accumulation of GSSG in the Sel Plex fed broilers 
indicating a more efficient clearing of ROM in those 
birds. If it is true that accumulation of GSSG increases 
HSP70 expression (8), then tissues from stressed 
chickens should have shown an increased HSP70 
concentrations, but that was not the condition in Sel 
Plex-fed broilers. It is speculated that early in the Sel 
Plex feeding regimen, HSP70 induction may have 
occurred. However, induction of HSP70 is an acute 
phase response that cannot be tolerated for long periods 
of time without resulting in the slowing of growth and 
performance in animals. Previous work from this 
laboratory (3) has shown that with chronic exposure to 
heat distress, HSP70 expression decreased as the birds 

become acclimated. It is hypothesized that the feeding 
of Sel Plex has conferred stress resistance by causing 
an early HSP70 response that later developed into an 
acclimation condition. In the long term of the six 
weeks growing period for those Sel Plex-fed broilers, 
their resistance to stressors was improved as indicated 
by superior performance traits and a lower HSP70 
production.  
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Table 1. Performance at 42 days of age of male broiler chickens given a dietary  
supplement of organic selenium and challenged with an enteropathogenic E. coli. 
TREATMENTS BODY WEIGHT, g FCR, g/g MORTALITY, % 
No Selenium, no E. coli 2047∀86bc 1.95b 16.7b (10/60)1 
Sel Plex, no E. coli 2283∀67a 1.82c 5.0c (3/60) 
No Selenium + E. coli 1896∀95c 2.09a 36.7a (22/60) 
Sel Plex + E. coli 2098∀71b 1.93b 15.0b (9/60) 
a,b,c In a column, means with unlike superscripts differ significantly (P#0.05). 
1Numbers in parentheses represents total mortality per treatment group. 
 
Table 2. Influence of Sel Plex on intestinal total glutathione (µM/g), oxidized glutathione (µM/g), reduced 
glutathione (µM/g), and the Reduced:Oxidized glutathione ratios in broiler chickens given a dietary supplement of 
organic selenium and challenged with an enteropathogenic E. coli. 
Treatments Total Glutathione Oxidized (GSSG) Reduced (GSH) Ratio R:O 
No Selenium, no E. coli 18954∀1904ab 1601∀196c 13349∀1835b 8.32∀1.05a 
No Selenium + E. coli 21896∀1971a 3047∀180a 19099∀1688a 7.30∀1.44ab 
Sel Plex, no E. coli 17045∀1843b 2238∀174b 13322∀1627b 5.95∀1.01b 
Sel Plex + E. coli 22500∀1971a 3313∀188a 18911∀1757a 5.71∀1.09b 
a,b,c In a column, means with unlike superscripts differ significantly (P#0.05). 
 
Table 3. Influence of Sel Plex on blood total glutathione (µM/L), oxidized glutathione (µM/L), reduced glutathione 
(µM/L), and the Reduced:Oxidized glutathione ratios in broiler chickens given a dietary supplement of organic 
selenium and subjected to acute heat distress. 
Treatments Total Glutathione Oxidized (GSSG) Reduced (GSH) Ratio R:O 
Preheat, No Selenium 1715∀51a 49∀3c 1617∀52a 33∀3a 
Heat, No Selenium 1817∀45a 69∀4a 1619∀47a 23∀3bc 
Preheat, Sel Plex 1776∀46a 60∀4b 1646∀48a 27∀3b 
Heat, Sel Plex 1821∀45a 91∀7a 1639∀47a 18∀3c 
a,b,c In a column, means with unlike superscripts differ significantly (P#0.05). 
 
 

LIVE COCCIDIOSIS VACCINATION:  FIELD COCCIDIAL 
POPULATION CHANGES FOLLOWING VACCINATION 
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INTRODUCTION 
 

Dr. David Chapman (1) and Dr. Harry Danforth 
(2) have demonstrated via laboratory sensitivity studies 
that vaccination with a live sporulated coccidial oocyst 
vaccine (Coccivac-B) can modify the anticoccidial 
sensitivity of the field population of coccidial oocysts.  
Dr. Danforth’s research has further demonstrated a 
reduction in the pathogenicity of field oocyst 
populations following vaccination. 

These laboratory studies have never been 
corroborated by similar observations under field 
conditions.  The following study details the field 
observations made at three large integrated broiler 
complexes over the course of 6 months of vaccination 
with Coccivac-B. 

Change in oocyst population based upon 
sequential post-mortem sessions.  Companies which 
initiate live coccidial oocyst vaccination are monitored 
with regular post-mortem sessions.  Each session 
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involves 40 to 60 birds from flocks ranging in age from 
14 to 42 days.  Gross lesions are monitored using the 
Johnson and Reid scoring system for Eimeria 
acervulina and Eimeria tenella.  Eimeria maxima 
scores are based upon microscopic observation of 
oocysts from a scraping of the midgut mucosa.  The E. 
maxima microscopic scoring system is as follows: 

 +1 =  5 – 100 oocysts per 100X field 
 +2 =  > 100 oocysts per 100 X field 

+3 =  Too numerous to count (TNTC) 
oocysts per 100X field + gross 
lesions such as intestinal ballooning, 
mild enteritis or petechial 
hemorrhage. 

 +4 = TNTC + severe gross enteritis or 
hemorrhage. 

This scoring system was developed by technical 
service veterinarians at Schering-Plough.  The scoring 
system is designed to correlate microscopic scraping 
oocyst counts to actual gross pathology and to the 
probable impact of E. maxima on weight gain and feed 
conversion under field conditions.  

It was determined that a microscopic scoring 
system was needed for E. maxima because oocyst 
counts greater than 100 could be observed without any 
gross lesions or enteritis in the affected birds. 

The acceptable standard lesion scores for a 
Coccivac-B post-vaccination reaction are summarized 
in Table 1. 

Broiler Integrators A and B were followed with 
field post-mortem exams from the beginning of the 
vaccination program in the spring of 2000 through the 
end of vaccination in the fall of 2000. Broiler 
Integrator A had a high percentage of E. acervulina 
lesions with scores of  +1 to +3 at the beginning of the 
study.  Broiler Integrator B had a high percentage of E. 
maxima lesions with scores of +1 to +3 at the 
beginning of the study.  Both groups showed a marked 
decline in lesions from the first vaccinated growout 
cycle to the third vaccinated growout cycle.  Results 
are summarized in table 2. 

Broiler Integrator C had E. tenella lesion scores of 
+1 and +2 while using an ionophore program 
(salinomycin) in the fall of 1999.  This complex was 
also followed with field post-mortem exams from the 
beginning of the vaccination program in the spring of 
2000 through the end of vaccination in the fall of 2000.  
This group demonstrated a decline in E. tenella lesion 
scores from the first vaccinated growout cycle to the 
third vaccinated growout cycle, and in fact, 
demonstrated fewer lesions in vaccinated birds by the 
final growout cycle than had been observed on the 
ionophore program the prior fall.  Results are 
summarized in table 3. 

Change in oocyst population based upon 
laboratory sensitivity testing.  Integrators B and C 
submitted litter samples to Dr. Harry Danforth (USDA-
ARS laboratory, Beltsville, MD) for oocyst sensitivity 
testing before and after the vaccination program.  
Oocysts were isolated from the litter samples and a 
mixed population challenge dose was determined based 
upon a weight loss titration.   SPF leghorns were fed 60 
ppm salinomycin from day 1 through day 16.  At day 
10, chicks were weighed and then challenged with the 
field oocysts.  At 6 days post-challenge, groups were 
weighed again and weights were compared to 
unchallenged salinomycin-fed controls.   Poor weight 
gain in challenged birds compared to unchallenged 
salinomycin-fed controls indicates oocyst resistance to 
salinomycin. 

Compared to unchallenged salinomycin-fed 
controls, the coccidial isolates from Integrator B 
showed moderate salinomycin resistance prior to 
vaccination.  Following vaccination, the severity of 
salinomycin resistance was reduced, but resistance was 
still moderate, with weight gain at 77% of 
unchallenged controls. Results are summarized in table 
4. 

Compared to unchallenged salinomycin-fed 
controls, the coccidial isolates from Integrator C also 
showed moderate salinomycin resistance prior to 
vaccination.  Following vaccination, the salinomycin 
sensitivity was greatly improved, as demonstrated by 
weight gain at 90% of unchallenged controls.  Results 
are summarized in table 5. 

 
SUMMARY 

 
Field observation and laboratory sensitivity studies 

combined to demonstrate the ability of live oocyst 
vaccination with Coccivac-B to reduce salinomycin 
resistance and the observed lesion scores from field 
coccidial populations. 
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Table 1.  Acceptable Standard Lesion Scores For Coccivac-B Post-Vaccination Reaction 
 
Coccidial species  +1   +2   +3   +4 
 
E. acervulina   <30%  <10%  0   0  
E. maxima1   <70%  <10%  0   0 
E. tenella   Combined +1 and +2 < 10%  0   0 
________________________________________________________________________________________ 
1Based upon microscopic oocyst scores 

 
Table 2.  Broiler Integrators A and B field post-mortem exam summary 
          Vaccinated        Coccidial Lesion Score 
Broiler Integrator  Coccidial species  Growout Cycle +1  +2  +3  +4 
________________________________________________________________________________________ 
 
 A     E. acervulina   1 (spring 2000) 64%  2%  2%  0 
 A     E. acervulina   3 (fall 2000)  16%  2%  0  0 
 
 B     E. maxima1   1 (spring 2000) 20%  6%  6%  1% 
 B     E. maxima1   3 (fall 2000)  23%  3%  0  0 
________________________________________________________________________________________ 
1Based upon microscopic oocyst scores 
 
Table 3.  Broiler Integrator C field post-mortem exam summary 
             Anticoccidial                    Coccidial Lesion Score 
Broiler Integrator Coccidial species   Treatment/growout cycle  +1  +2  +3  +4 
_______________________________________________________________________________________ 
 
 C     E. tenella   salinomycin (fall 1999)    6%  4%  0  0 
 C     E. tenella   vaccination 1 (spring 2000)  10%  6%  0  0 
 C       E. tenella   vaccination 3 (fall 2000)    0    0  0  0  
_______________________________________________________________________________________ 

 
Table 4.  Laboratory oocyst sensitivity study:  Integrator B weight gain 
_______________________________________________________________________________ 
          Average weight Weight gain as a % 
Group  Challenge    salinomycin 60ppm Gain (gm)   of unchallenged control weight 
________________________________________________________________________________________ 
Integrator B 
(before vaccination)   +   -    123.1  51%      
Integrator B 
(before vaccination)   +   +    155.6  64% 
 
Control       -   +    242.0  100%   
________________________________________________________________________________________ 
Integrator B 
(after vaccination)      +   -    153.5  51% 
  
Integrator B 
(after vaccination)      +   +    231.0  77% 
 
Control          -   +    301.0  100% 
________________________________________________________________________________________  
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Table 5.  Laboratory oocyst sensitivity study:  Integrator C weight gain 
________________________________________________________________________ 
          Average weight Weight gain as a % 
Group  Challenge    salinomycin 60ppm Gain (gm)   of unchallenged control weight 
Integrator C 
(before vaccination)   +   -   127.74   53%      
Integrator C 
(before vaccination)   +   +   163.2   67% 
 
Control             -   +   242.0   100%   
______________________________________________________________ 
Integrator C 
(after vaccination)      +   -   177.0   59% 
  
Integrator C 
(after  vaccination)      +   +   271.0   90% 
 
Control           -   +   301.0   100% 

 
 

PASTEURELLA MULTOCIDA: TO SEROTYPE OR FINGERPRINT? 
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BNicholas Turkey Breeding Farm, PO Box Y, Sonoma, CA 95476 

CNational Veterinary Services Laboratories, 1800 Dayton Av, P.O. Box 844, Ames, IA 50010 
 

Fowl Cholera is an infectious bacterial disease of 
poultry that can occur either as an acute septicemic 
form or a chronic localized form. The acute form is the 
predominant form which occurs in turkeys. Clinical 
signs of the acute form in turkeys are often are not 
observed except for sudden death. The most frequent 
lesions observed include those associated with 
septicemia, (hyperemic vessels, petechial and 
ecchymotic hemorrhages), pneumonia and in mature 
hens yolk peritonitis. Immediate control of fowl 
cholera involves prompt treatment with the appropriate 
antimicrobial agent. Long term control and prevention 
of fowl cholera is largely dependent on management. 
This includes a good biosecurity program of cleaning 
and disinfection, rodent control, traffic control, prompt 
and appropriate dead bird disposal; to mention only a 
few of the essential components. An appropriate 
vaccination program may also be utilized to provide 
some control of fowl cholera and may consist of either 
live vaccines or bacterins. To obtain full benefit of 
vaccination, an understanding of the antigenic 
variability of P. multocida is necessary. 

P. multocida may be grouped either by capsular 
antigens (i.e. serogroups) or somatic antigens (i.e. 
serotypes). Somatic serotyping has been done most 
frequently with about 16 different serotypes 
recognized. Serotype 3,4 has historically been deemed 
the most important and this serotype is incorporated 
into commercial live Pasteurella multocida vaccines. 

Other serotypes may be incorporated into a vaccine if 
an autogenous bacterin is produced. Protection is 
primarily against autologous strains. 

Determination of the serotype of P. multocida can 
be done by either the tube agglutination test or the gel 
diffusion precipitin test. There is a lack of correlation 
between the two tests (1). The gel diffusion precipitin 
test is more commonly performed due to its ease of 
performance and to its correlation with the immune 
response in chickens and turkeys (1). Additional tests 
have been developed to group P. multocida isolates; 
several of which have been reviewed by Dr. PJ 
Blackall (2). One of these tests is the restriction 
endonuclease (RE) analysis test of the genome of 
Pasteurella multocida offered by the National 
Veterinary Service Laboratory (NVSL) in Ames, Iowa 
(3). The following information is presented to 
demonstrate the benefits of the RE analysis method 
over the routine serotyping method.  

A major turkey producer in the Central Valley of 
California had a series of fowl cholera outbreaks in 
both meat and breeder flocks. The primary focus of this 
report will be on the breeder flock outbreaks, which 
occurred from Dec 1998 to Sept 2000. The cholera 
vaccination program consisted of an autogenous 
bacterin containing P. multocida serotypes 3,4,7,10,12 
was given at 18, 22 and 26 weeks of age. The M-9 
strain was instituted to specific flocks after 
experiencing severe weekly mortality rates of 3-5% 
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and total flock mortality of 15 to 30%. Initially, after 
12 isolations and serotyping, no consistent 
epidemiologic pattern could be discerned. Five isolates 
from four different ranches were sent to NVSL in 
Ames, Iowa for restriction endonuclease (RE) analysis. 
Two RE patterns were obtained and suggested cross-
contamination between these ranches.  

Currently, thirty-six isolations of P. multocida 
have been made from 24 different flocks. Serotyping 
results of these 36 isolates gave 10 different serotype 
combinations. Of the seven flocks that had multiple 
isolates of P. multocida (2 to 5 isolations/flock), six 
flocks had multiple serotypes present within the same 
flock. Again, no consistent epidemiologic pattern could 
be established based on serotype results.  

RE analysis was performed on 35 of the 36 P. 
multocida isolates. Three RE patterns (Td45, 1001 and 
1128) were detected. RE pattern 1128 was detected in 
two isolations from one flock at the beginning of the 
severe FC problem and, in retrospect examination, is 
similar to previous P. multocida isolates outside of the 
time frame of this study. RE pattern Td45 is the pattern 
associated with the live vaccine strains (CU strain, M9 
strain and PM-1 strain). This pattern was obtained from 
11 isolates (9 flocks) and had nine isolates with 
serotype 3, 4; one isolate with serotype 3; and one 
isolate with serotype 3,4,12. The predominant RE 
pattern was pattern 1001 obtained from 22 isolates (15 
flocks). Six different serotyping patterns were 
associated with this RE pattern with serotype 3,4 being 
the most frequent (11 isolates). 

Information of the RE analysis results strongly 
suggests that the FC outbreaks were associated with 
previous outbreaks within the company. This 
information could not have been obtained from the 
serotyping results. Even within one flock in which five 
P. multocida isolates were serotyped and four of these 
isolates were analyzed by RE, three serotype patterns 
were detected in this one flock as compared to one RE 
pattern. The information gained from the RE analysis 
of the P. multocida facilitated a critical evaluation of 
the companies management practices to bring this 
infectious disease under control. It must be 
remembered that the serotype test is dependent on the 
expression of antigenic determinants while the RE 
analysis is dependent on the DNA content of the 
organism.  
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A sudden increase in mortality (up to 8.4% per 

week) was observed in 8- to 10-week-old turkeys from 
a commercial flock, kept on range.  The turkeys had 
been treated with double the normal dose of copper 
sulfate in the water for a week (normal is 1:2000 
dilution in drinking water). The birds were not 
vaccinated against any disease pathogen.  Two weeks 
before submission to the California Animal Health and 
Food Safety Laboratory System, Fresno Branch, the 
owner lost about 10% of the turkeys on the farm due to 
heavy rains. At necropsy the most striking lesion was a 
necrotic band (1cm in length) in the upper third of the 
trachea, with destruction of the cartilage rings at that 
site. When the tracheas were opened, severe 

accumulation of necrotic exudate was observed in the 
tracheal lumen, blocking almost completely its lumen. 
Necrosis extended into the tracheal wall. Also, tracheas 
were moderately flattened throughout their length. 
Other necropsy findings included moderate 
airsacculitis and pneumonia.  

Microscopically, there was a severe, extensive, 
transmural necrosis of the trachea; and accumulation of 
necrotic debris and fibrinopurulent exudate in the 
tracheal lumen. Bacterial colonies were seen within the 
necrotic debris of the tracheal lumen, as well as in the 
tracheal mucosa and lamina propria. Numerous 
inflammatory cells, mainly heterophils, macrophages, 
multinucleated giant cells, and occasional lymphocytes 
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infiltrated all layers of the trachea, from the mucosa to 
the serosa.  Where the epithelium was still present, 
there was complete deciliation and flattening of 
epithelial cells.  In the muscularis and serosa layer 
there was proliferation of fibrous tissue and 
neovascularization. 

Mixed bacteria, including Escherichia coli, 
Ornithobacterium rhinotracheale, Pseudomonas 
aeruginosa, and Bordetella hinzii were isolated from 
the trachea.  Turkeys were seropositive to B. avium. No 
viruses were identified by electron microscopy and 
virus isolation.   

Since the birds had been exposed to high levels of 
copper sulfate, the hepatic levels of copper and other 
heavy metals were determined. High levels of copper 
in the diet may cause ulceration of the mucosa of the 
digestive tract (2). No significant lesions were seen in 
the digestive tract of these birds and the concentration 
of heavy metals in the liver, including copper, was 
within the normal range.   

The pathology of the tracheas is suggestive of 
exposure to chemical aerosol.  The bacteria isolated are 
probably opportunistic pathogens.  The seropositive 
titers to B. avium and flattening of the trachea indicate 
previous exposure to this bacterium, which may have 
predisposed the tracheas to this severe necrosis. In 
1995, we observed similar lesions in a flock of 3-week-
old turkeys that was exposed to a cotton defoliant. In 
the present case, the turkeys were outdoors and 400 
feet away from a cotton field that was probably just 
defoliated, based on the time of the year.  The most 
common cotton defoliants used in the Fresno County 
include cacodylic acid (arsenic), dimethipin, endothall, 
paraquat, sodium chlorate, thidiazuron, tribufos and 
thidiazuron.  Acute exposure to these chemicals may 

cause irritation and hemorrhages of the respiratory tract 
and other organs, and even death (1,3,4).  If animals 
survive the chemical exposure, damage to the 
respiratory mucosa would be expected, which may 
predispose them to secondary bacteria infection.  
Unfortunately, paraquat was the only cotton defoliant 
that could be tested for from the respiratory tract, and it 
was not detected in a trachea/lung pool. In addition, the 
livers did not contain a detectable amount (1ppm or 
more) of arsenic.   The exact cause of this severe 
necrotic tracheitis has not yet been determined. 
 
(The full-length article will be submitted to Avian 
Diseases) 
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With the development and improvement of 
polymerase chain reaction (PCR) and restriction 
fragment length polymorphism (RFLP) technology, the 
ability to identify infectious bronchitis virus (IBV) 
serotypes from commercial production respiratory 
breaks has improved.  One problem that occurs when 
identifying the causes of these breaks is obtaining bird 
samples while the virus is still present in the respiratory 
tissue.  For this reason, the use of specific pathogen 
free (SPF) birds for the isolation and identification of 
IBV serotypes has increased over recent years.  The 
purpose of this presentation is to describe the proper 

method for placement of these SPF sentinel birds and 
sample collections of tissues to obtain the best samples 
for IBV serotype identification.   

There are two methods of using these birds: 
unvaccinated or vaccinated.  The unvaccinated birds 
can be obtained quickly when a break occurs, but are 
susceptible to any and all viruses in the house including 
vaccine strains.  The vaccinated birds require 
preparation time.  They are vaccinated with the current 
vaccination program being used on the farm on which 
the birds are to be placed.  The birds must be held for 
three weeks in isolation to allow the vaccine virus(es) 
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to clear so as to not isolate these same serotypes on 
testing.  The advantage of using vaccinated birds is the 
ability to place these birds closer to field vaccination 
and to improve isolation of variant IBV serotypes. 

Typically, the SPF bird placed for tissue collection 
is three to five weeks of age.  Younger birds can be 
used, but the tissues are very small and difficult to 
handle.  The sentinel birds are usually placed on a farm 
with a previous history of respiratory problems.  The 
birds should be placed at the time the flock is expected 
to break. Though one should avoid placing sentinel 
birds on farms that have been vaccinated within three 
weeks of sentinel bird arrival.  Again, the sentinels are 
very susceptible to all viruses including the common 
vaccine strains.   

Normally, 10 to 14 birds are placed in a house.  
The birds should be placed in a cage with wire sides 
and access to litter to maximize bird exposure.  The 
cage should have a top and wire spacing small enough 
to prevent escape.  The sentinel birds are 
approximately the size of a one-week-old broiler.  We 
have placed birds in a commercial layer facility.  In this 
case, we placed the pen on top of one row of cages to 
allow aerosol exposure.  In either situation, the birds 
should be placed near the center of the house with 
access to feed and water.  The birds should have their 
own feed and water source (usually the nipple lines are 
difficult to reach).  The feed should contain 
coccidiostat! 

Tissue samples should be collected from half the 
sentinel birds at 5 days and the other half at 10 days 
after placement.  Two collection periods offer the best 
chance at “catching” the IBV in the tissues.  The two 
collections are later combined before virus isolation is 
performed.  Combining the samples will give one the 
same results and help reduce the cost of testing, i.e., 
one cost per farm instead of two. The tracheas and 
lungs should be collected for IB virus isolation.  The 
cecal tonsils will most likely not be helpful since the 
bird is exposed for a short amount of time.     

Ideally, the birds should be taken to your local 
diagnostic laboratory for sample collection.  However, 
if this is not available in your area, then the tissues 
should be removed from the bird as cleanly as possible 
and placed in a plastic bag.  One should try to avoid 
allowing blood to get into the trachea for this could 
reduce the opportunity for virus isolation.  If all the 
birds from several farms are brought to one location for 
tissue collection, be sure to clean your instruments 
between farms so that contamination does not occur.  

Once the tissues are removed from the bird, they 
should be placed immediately in dry ice.  If dry ice is 
not available, cover the samples completely in regular 
ice and take them to a freezer immediately.  IBV is 
very heat liable and must be kept cold at all times 
(frozen is best).  The samples should be placed in bags 
labeled with the company name, farm name, age of the 
flock, and attach a note with a brief history of each 
farm.  

The samples should be taken frozen to your local 
diagnostic laboratory.  If a local laboratory is not 
available in your area and shipping of the samples is 
required, then ship the samples on dry ice for overnight 
delivery.  The dry ice should keep the samples frozen 
for about 24 hours.  If dry ice is not available, then 
place the frozen samples in a styrofoam cooler with 
several ice packs and again send for overnight delivery.  
Never allow samples to thaw or you risk losing the 
virus.  Never ship samples on a Friday or before a 
holiday.   

Most United States (US) state laboratories can 
perform IB virus isolation and serotyping.  For samples 
collected outside the US, the Poultry Diagnostic 
Research Center (PDRC) at the University of Georgia 
has an import permit for foreign IBV isolates.  The 
virus in allantoic fluid is inactivated in phenol at a 1:1 
dilution and shipped to their laboratory.   

PCR-RFLP results are only part of the puzzle in 
determining the cause of a respiratory problem.  If the 
results show the isolation of a vaccine virus from 
unvaccinated sentinels, these results may not be 
significant or may suggest a rolling reaction.  If the 
virus isolated is different from the vaccination strain, 
then it is probably a field virus.  Isolation of virus in 
vaccinated sentinel birds suggests prevalent field virus.  
In either scenario, the IBV isolate should be used to 
challenge birds in a laboratory setting to determine its 
pathogenicity.    

If properly used, SPF sentinel birds can be a 
valuable tool is evaluating field respiratory problems. 
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INTRODUCTION 
 

Turkey rhinotracheitis (TRT) is an acute 
respiratory disease of turkeys that was first described in 
the late 1970s in South Africa and has subsequently 
been reported in Europe and many other parts of the 
world. It has been the major cause of economic loss to 
the turkey industry in recent years. Until very recently, 
the North American continent was free of infection. 
The disease is caused by a pneumovirus, the first to be 
described in avian species. Other than in the USA, 
what this article will refer to as 'conventional' avian 
pneumoviruses also cause respiratory infection and loss 
of production in chickens and are sometimes associated 
with 'swollen head syndrome'. Pheasants and guinea 
fowl are also susceptible. The disease in regions other 
than USA is controlled by live and killed vaccines. 
This paper reviews what is known about avian 
pneumoviruses and what areas of ignorance remain to 
be studied. 

The causative virus. The avian pneumovirus is a 
pleomorphic RNA virus with an outer envelope bearing 
fusion (F) protein and glycoprotein (G) spikes. It has 
been classified as a metapneumovirus, to distinguish it 
from mammalian pneumoviruses. The virus does not 
hemagglutinate. The differentiation of conventional 
APVs into two subtypes has been made on the basis of 
the nucleotide and predicted amino acid sequences on 
the G glycoprotein. Originally, South African and UK 
strains were subtype A and other European strains were 
subtype B. However, now B seems to be the dominant 
type in the UK and A has been detected in Belgium and 
other European countries. The significance of the 
widespread existence of the two types of APV is a 
matter for argument. It has lead to complications in the 
interpretation of ELISA serological tests but may be of 
lesser importance in vaccinal immunity. 

The conventional pneumovirus can be cultivated in 
tracheal organ cultures (TOC) where it is ciliostatic and 
it can also grow in fertile chicken eggs and be adapted 
to grow in several cell cultures. The American strains 
of virus have been cultivated in chick embryo 
fibroblasts, vero cells and fertile eggs. 

The American virus. APV infection was not 
reported in the USA or Canada for many years, a 
situation which seemed surprising in view of its 
presence in Central and South America. The situation 

changed in 1996 with the reports of a TRT-like 
infection in turkeys in Colorado, from which an APV 
(designated the Colorado isolate, or 'type C') was 
isolated. While infection appeared to be eradicated 
from Colorado, turkeys in Minnesota have suffered 
from what is thought to be the same disease.  

While 'conventional' strains of APV were thought 
to comprise a single serotype, the situation is now 
altered with the appearance of the Colorado isolate. 
The American virus is not neutralized by antisera to 
subtypes A or B, nor are subgroup A and B stains 
neutralized by monospecific antiserum raised against 
the Colorado virus. However, hyperimmune serum to a 
subgroup A isolate does neutralize the Colorado strain 
to some extent.  

Recently, Etteradossi and co-workers in France 
have shown that a pneumovirus isolated from ducks is 
different again from A, B and C, so there are at least 
four distinct types and there may be more. However, it 
seems likely that for the time being, only A and B are 
common in Europe. 

Host range. The turkey and the chicken seem to 
be natural hosts for conventional APVs but pheasants 
and guinea fowl are also susceptible. The American 
strains of APV do not appear to cause disease in the 
chicken naturally, although there is evidence of 
infection in wild birds. The origin of APVs is 
unknown, although wild birds have been suspected. 
Antibodies to APV have been reported in ostriches in 
Zimbabwe and more recently, German workers 
detected antibodies in the sera of herring gulls near the 
Baltic. It may be that APV can infect a wide range of 
wild avian species, in the way that Newcastle disease 
can, but little is known of this at present.  

Epidemiology. Following infection of chickens or 
turkeys, conventional APV is shed from the nose and 
trachea but is not present in the feces. The virus can 
spread rapidly within a flock and aerosol transmission 
is the most important route. Experimental evidence 
suggests that APV persists in the chicken or the turkey 
for a relatively short period, perhaps no longer than 8-
10 days after infection. Whether this applies in 
commercial conditions among thousands of birds, 
where there may be the opportunity for re-cycling of 
infection is unknown. Despite the frequent long-term 
persistence of antibodies, no evidence of long virus 
persistence could be demonstrated in the chicken or 
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turkey after T-cell immunosuppression. Although APV 
has been isolated from very young poults and there are 
abundant amounts of virus in the oviduct epithelium of 
the infected turkey hen, there are no reports of egg 
transmission.  

Exacerbating factors for conventional APV 
infection are the usual ones for a respiratory infection: 
high ammonia and dust levels in the atmosphere, 
overcrowding and intercurrent infections including 
Mycoplasma gallisepticum and E. coli. However, when 
chicks are infected with virulent APV and infectious 
bronchitis virus  (IBV), IBV inhibits the replication of 
APV. Studies in TOC also confirm this effect. Dual 
infections with other respiratory viruses and 
immunosuppressive viruses remain to be investigated.  

Disease and pathogenesis. Clinical signs of 
conventional TRT in the turkey are those of an acute 
respiratory disease. Within 2-3 days of infection, birds 
appear depressed and show coughing, snicking and 
head shaking. There is turbid nasal exudate and later 
frothy ocular discharge. By 7-8 days post infection in 
uncomplicated cases, birds return to normal. Signs in 
the chicken resemble those in the turkey but may be 
less severe. When E. coli and other bacteria are 
involved, there may be significant mortalities due to 
colisepticemia and the disease is prolonged. In breeder 
turkeys, egg production falls significantly and there 
may be an effect on egg quality. Conventional APV 
infection causes falls in production in laying chicken 
flocks also and may be associated with the production 
of white eggs in brown egg layers.  

The conventional virus can rarely be detected in 
the respiratory tissues after 7-8 days. Following initial 
replication, the virus reaches the oviduct of the mature 
female turkey, probably due to viremic virus, although 
a viremia has never been detected. Between 6-9 days 
after infection, virus can be detected by IF staining in 
the oviduct epithelium. This probably leads to a 
sequence of events which include the regression of the 
ovary and oviduct and loss of egg production. 

Immune responses. Following infection with 
conventional APV, chickens and turkeys develop virus 
neutralizing and ELISA antibodies in the serum. These 
antibodies do not appear to be important in controlling 
the respiratory disease. Maternal antibodies have been 
shown to be ineffective in the face of early challenge of 
poults with virulent virus. In addition, when poults 
were B-cell immunosuppressed by cyclophosphamide 
and vaccinated at day-old, despite their inability to 
produce circulating antibodies, they were immune to 
challenge with virulent APV given at 21 days of age. 
Circulating antibodies are, however, likely to be of 
importance in protecting the oviduct after infection of 
breeders. 

Local antibodies appear to be of importance in 
protection. Virus-specific IgA and IgG appear in the 

tears of both chicks and poults after infection with 
virulent APV and the tears have virus-neutralizing 
activity. T-cell immunosuppression of chicks and 
poults using cyclosporin has illustrated the importance 
of cell-mediated immunity. Immunosuppressed birds 
experienced clinical signs for up to six days longer than 
in normal birds and virus replication is prolonged in the 
tissues. This suggests that immunosuppressive 
infectious agents could prolong the disease. 

Diagnosis. Isolation of conventional APV from 
turkeys is difficult and from chickens almost 
impossible. It can be best achieved by inoculation of 
material (tracheal or oropharyngeal swabs or macerated 
respiratory tissue) into TOC. The virus, if present, will 
cause ciliostasis after 6-8 days but up to three passages 
may be needed. Fertile eggs can also be used with yolk 
inoculation. The identity of the agent needs to be 
confirmed by virus neutralization or 
immunofluorescence. One problem of is that the 
optimal period for virus isolation may precede the peak 
of clinical signs, so early sampling is essential. 
Isolation is time-consuming. The reason for the 
difficulty in isolating virus from chickens is not 
understood. In contrast, American Colorado-type virus 
is not ciliostatic in TOC but strains have been isolated 
from clinical material in chick embryo fibroblasts or 
vero cells. 

Polymerase chain reaction (PCR) technology has 
been used successfully for the diagnosis of APV 
infection, although its use so far has been confined to 
specialist laboratories. The method is very sensitive 
and quick, relative to isolation and can be tailored to 
distinguish between subtypes A and B, and the 
American strains. 

Serum antibodies to APV may be detected by 
indirect immunofluorescence, by virus neutralization 
tests or by ELISAs. ELISAs are the preferred method, 
chiefly because many samples can be tested 
simultaneously. While detection of infections with the 
American virus requires the use of homologous 
antigen, a major problem with conventional APV 
ELISAs is the nature of the viral antigen used. Results 
with subtype A virus may differ from those with a 
subtype B virus when testing field sera from birds 
vaccinated with either or both and challenged with 
either or both. The use of inappropriate antigen may 
result in false negatives or apparent failure of vaccines 
to 'take'. 

Control. There is no treatment available for APV 
infections so the main approach to control other than in 
the USA is vaccination. Commercial live vaccines have 
been developed by attenuation of virulent conventional 
virus after passage in vitro. In one study, it was found 
that almost 100 passages in TOC did not reduce the 
virulence of APV, but almost 39 passages in chick 
embryo fibroblasts removed both virulence and 
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immunogenicity. Passage in Vero cells, however, 
reduced virulence to zero but maintained 
immunogenicity sufficient to produce an acceptable 
vaccine.  

Live vaccines are usually given to poults or chicks 
at or near to day old and usually by spray or eyedrop. 
Some manufacturers recommend one or more repeat 
live vaccinations. One company produces two live 
vaccines: one for turkeys and one for chicks. These 
vaccines are derived from strains isolated from the 
respective species and are attenuated to different 
degrees. Killed adjuvanted vaccines are used for 
breeder turkeys and laying chickens but only after live 
priming. They are sometimes given in combination 
with other killed vaccines. 

The live vaccines are prepared from either subtype 
A or B and there is controversy as to whether one type 
will protect against both A and B. Experimental 
evidence suggests that they cross-protect well, but 
some veterinarians recommend using vaccines of both 
types either together or alternately. Generally, the 
vaccines are satisfactory, although it is very important 
that they are applied accurately so that every bird 
receives a full dose. A potential problem of 
interference is encountered in chicks, where it is known 
that IBV interferes with APV. Indeed, at least one 
vaccine company recommends that IBV vaccine is 
given one week before APV vaccine. However, despite 
the inhibition of APV by IBV in the bird, an immune 

response to APV develops which gives good 
protection.  

When attempting to monitor the vaccine response 
to APV, it is important to appreciate that ELISA 
serology does not always indicate accurately if APV 
vaccine has taken and in the chick in particular, the 
ELISA response may be delayed. It is certainly not 
correct to equate ELISA antibody levels with 
immunity.  

Questions still unanswered.  There are still areas 
of ignorance about avian pneumoviruses which need 
further study. The origin of these viruses is unknown 
although it seems likely that wild birds are implicated. 
The global spread of the conventional APVs to almost 
everywhere except North America is also puzzling, 
although again, wild birds could be the main 
conveyers. We need to know more about the possibility 
of APVs being present in wild species.  

The emergence of the American virus and the 
demonstration of a French strain from ducks which is 
different again suggests that still more variants may 
emerge. It is important that use all means available are 
used to recognize any new types. The lesson to be 
learned from the American experience is that we must 
not expect that all types can be cultivated in systems 
we use regularly for the viruses we are familiar with 
and serological recognition of infection may only be 
successful with homologous antigens. 
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Background. Avian pneumovirus (APV) has 

existed in the Minnesota turkey industry for the last 
four years.  It causes significant financial losses to 
turkey growers, estimated to total approximately $15 
million annually.  Because other paramyxoviruses have 
been isolated from wild waterfowl, we wondered 
whether APV could also be found in wild waterfowl 
populations. 

Objective. To determine if avian pneumovirus 
could be detected in wild waterfowl and their 
environment. 

Methods. Three studies were conducted.  In study 
one, day-old mallard ducklings were raised in isolation 
until 8 weeks old.  At 8 weeks of age they were 
separated into three groups: two groups were placed as 
sentinels on ponds allowing contact with wild 

waterfowl in central Minnesota, the third group 
remained in isolation as controls.  Each week choanal, 
tracheal, and cloacal swabs were collected from the 
sentinel ducks.  Matrix gene based RT-PCR for avian 
pneumovirus and virus isolation were performed. 

In study two, wild Canada geese, collected for an 
annual metropolitan goose round-up in Minneapolis 
and Saint Paul, were choanally swabbed on two 
different dates.  Both juvenile and adult geese were 
swabbed.   Blue winged teal were swabbed during a 
DNR banding exercise in North Dakota.  RT-PCR and  
virus isolation were performed on the samples. 

In study three, heads from hunter-killed snow 
geese from Saskatchewan were received and the 
choanal cleft was swabbed from each.  RT-PCR and 
virus isolation were performed on the samples. 
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Results. In study one, pooled choanal and tracheal 
samples were found positive for APV viral RNA at 
both sites.  Cloacal swabs were PCR negative. There 
was an isolation of APV from choanal-tracheal swabs 
from sentinel ducks at one site.  Control ducks 
remained negative.  The APV M genes isolated  from 
sentinel ducks had over 96% predicted amino acid 
identity with APV turkey isolate MN/2A. 

In study two, samples from both adult and juvenile 
metropolitan geese were positive for APV viral RNA.  
No virus was isolated.  RT-PCR was also positive on 

choanal swab samples from blue winged teal.  No virus 
was isolated. 

In study 3, samples from choanal swab samples 
from snow geese were positive on RT-PCR.  No virus 
was isolated. 

Conclusion. Detection of APV viral RNA from 
sentinel ducks, Canada geese, blue winged teal and 
snow geese suggests that waterfowl maybe a reservoir 
of APV.  Finding PCR evidence of APV in multiple 
species and at multiple sites indicates this virus may be 
widespread in nature. 
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Avian Pneumovirus (APV) causes a respiratory 

disease that has been reported from a number of 
countries sincethe late 1960's’. APV is the etiological 
agent of Turkey Rhinotracheitis (TRT) in turkeys and 
swollen head syndrome in chickens. TRT is an acute, 
rapidly spreading, and upper respiratory disease 
causing nasal and ocular discharge, rhinitis, swollen 
infra-orbital sinuses and impairment of tracheal cilia. A 
short incubation period of 1 - 3 days facilitates quick 
transmission of the disease, Turkeys of all ages are 
susceptible; however, poults younger than 6 weeks 
experience a more severe clinical disease. The 
infection is exacerbated by concurrent or secondary 
infections with bacteria or viruses; examples are 
Bordetella avium, Escherichia coli, and Newcastle 
Disease virus infections. Poor husbandry practices, 
ventilation and higher stocking densities can influence 
mortality and morbidity. APV was first isolated in the 
U.S.A. in 1997, after a respiratory disease outbreak in 
turkeys in Colorado. 

APV, a non-segmented, single-stranded RNA 
virus, is a member of the family Paramyxoviridiae and 
genus metapneumovirus. Only one serotype of APV 
has been described with four subgroups (A, B, C & D). 
Cross neutralization has determined that the US 
Colorado is antigenically unique and has only limited 
cross-neutralization with subgroup A and B viruses. 
The US Colorado isolate has been designated as 
subgroup C. 

It is believed that APV first appeared in Minnesota 
in 1996, but serologically diagnosed in 1997. This 
disease has had a considerable economic effect for the 
Turkey Industry in Minnesota. It is estimated that this 
disease and its complicated effects including mortality, 
medication, complicated factors, poor performance, 
condemnation and higher cost of production costs 
about $15,000,000.00 a year. 

APV virus has been isolated and identified by 
several groups. The virus isolation and identification in 
Minnesota is considered part of the subgroup C. From 
the initiation of the APV respiratory problems in 
Minnesota, the turkey industry has worked very hard 
on farm isolation, implementation of all aspects of 
biosecurity measures and reduction of the factors that 
exacerbate secondary infections. APV infection is 
present year around with two main morbidity seasons 
in the spring and fall.  During the early part of 1999 in 
the attempt to minimize the effects of APV in the field, 
the use of APV autogenous killed virus vaccine was 
initiated on birds 4 weeks of age. This autogenous 
APV oil emulsion virus vaccine was mixed with a 
commercially available oil base Newcastle Disease 
killed virus vaccine. A mix of both killed vaccines 
were subcutaneously injected at the middle of the neck 
on selected flocks – farms. The vaccinated flocks 
evaluation on with positive results by reducing 
mortality, weight loss, morbidity, therapeutic cost, 
more effective use of therapeutic practices, faster 
recuperation and reduction in condemnation. 
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At the end the year 1999 another strategy was used 
to control the effects of the field challenge and its 
effects by the "Control Exposure" using an APV 
isolated and tissue culture passage (P41). Some turkey 
growers have used this procedure to better control and 
treat this disease under this procedure. 

Oil emulsion day old vaccination is currently used 
in chickens and turkeys. The subcutaneous injection in 
the middle of the neck vaccination has been used in 
parts of Latin America, Asia, Africa and other parts of 
the world for the immunization of Newcastle Disease 
Virus and Avian Influenza. Day old vaccination of a 
killed virus in an oil emulsion is not new in Minnesota; 
it was used with killed NDV oil emulsion vaccine in 
1988 at the hatchery level. 

On May 2000 we proposed a variation of the APV 
autogenous killed virus vaccination; from 4 weeks to 
day old vaccination at the hatchery level. The main 
objective of early immunization between the day of 
vaccination and the potential APV field exposure. Field 
exposure has been reported to occur as early as 2 
weeks of age. Also day old vaccination increases the 
percent of immunized poults, reduces the potential of 
cross contamination from the vaccination crews to the 
flock being vaccinated and minimizes poults stress 
during vaccination. 
 

Two trials were set. 
A) First trial was to test the effectiveness of the 

APV killed oil emulsion day old vaccination 
in reducing respiratory symptoms on birds 
challenged with a virulent APV isolated on 
birds at two, four, six, eight, ten and twelve 
weeks post vaccination. The birds under this 
trial were challenged, in isolation units at the 
University of Minnesota, serologically tested 
prior and 10 days post challenged with an 
ELISA test. Also Polymerase Chain Reaction 
(PCR) testing was performed on to determent 
the presence of the APV post challenge. 

B) Day old poults were APV (autogenous) + 
NDV (three different commercially available 
products) killed oil emulsion vaccinated 
placed under field conditions. Signs and 
symptoms from field APV challenge were 
determent, PCR testing on field birds, 
serological response to be evaluated by 
ELISA test before, during and after field 
exposure. 

The following People and Institutions have helped 
in the development and implementation of these trials; 
Kyla Hallman; Dale Hess; Dr. Mahesh Kumar; Intervet 
Labs; Minnesota Turkey Growers Association; the 
University of Minnesota; Nova-Tech and The 
University of Minnesota Diagnostic Laboratory. 
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The objective of this study was to evaluate the 

effects of bacterial co-infection on the severity of avian 
pneumovirus (APV) infection using E. coli, 
Ornithobacterium rhinotracheale (ORT), or Bordetella 
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avium (BA).  In previous work it was found that 
inoculation of APV-infected poults with all three 
bacteria enhanced the clinical signs in comparison to 
poults that received APV only.  The present study was 
undertaken in order to determine which of the three 
bacteria played the largest role in this result. 

The poults were obtained from breeder stock that 
was negative for the presence of antibody to APV and 
reared in isolation until 4 or 9 weeks of age.  They 
were then divided into four groups for each trial and 
each group was housed in a separate isolation room.  
Each trial was repeated in 4- and 9-week-old poults and 
set up as follows:  15 poults per group were placed into 
each of 4 different isolation rooms.  On day 0, groups 2 
and 4 were inoculated with APV infected cell culture 
fluid into each conjunctival space and nostril (total of 
200 µl).  The poults comprising groups 1 and 3 were 
inoculated with non-infected cell culture fluid and 
served as APV sham-inoculated controls.  On day 3, 
groups 3 and 4 were inoculated with culture broth 
containing the appropriate bacteria.  Clinical signs 
were observed and scored on days 3, 5, 7, 11, and 13.  
Two birds from each group were sacrificed for 
necropsy on days 2, 4, 6, 10, and 14 days post-
inoculation (PI).  At 14 days PI, serum samples were 
collected from all remaining poults and assayed for 
antibody against APV, Bordetella avium, and 
Ornithobacterium rhinotracheale. 

The major clinical signs were nasal discharge, 
swollen infraorbital sinuses, and ocular discharge.  

Each of these 3 clinical signs were scored using the 
following scale: 0, no sign; 1, mild or slight; 2, 
moderate; 3, severe.  The mean clinical score for each 
group was determined by adding clinical scores and 
dividing by the number of birds at each observation 
time.  A maximum score of around 45 (severe) and a 
minimum score of 0 (no clinical signs) were attainable 
for each group. 

It was found that, as a group, the poults that were 
inoculated with APV and either E. coli or ORT 
developed more severe clinical signs than those that 
were given APV or the bacteria alone (Tables 1, 2).  
The poults that were inoculated with BA alone or in 
combination with APV developed more severe signs 
than those that received APV alone (Table 3).  More of 
the individual poults within the groups inoculated with 
APV + bacteria were affected than in the single agent 
inoculated groups.  No clinical signs were seen in 
sham-inoculated controls. 

In field outbreaks of APV infection, there has 
usually been high morbidity and variable mortality.  In 
most of the outbreaks in which there have been high 
mortality rates, the death losses have been associated 
with secondary bacterial infections.  In the isolated 
conditions of previous research trials, turkeys have 
developed only mild clinical signs when exposed to 
APV alone.  The present work has attempted to 
reproduce the effects of exposure to opportunistic and 
potentially pathogenic bacterial infections and has 
shown a synergistic effect.  

 
Table 1.  Mean clinical scores in E. coli inoculated groups. 
 4-week-old 9-week-old Signs 
APV 3.7 2.5 Nasal discharge and sinus 

swelling in 30% 
E. coli 1.2 1.2 Nasal discharge in 36% 
APV + E. coli 6.0 2.4 Nasal discharge and sinus 

in 70% 
 
Table 2.  Mean clinical scores in Ornithobacterium rhinotracheale inoculated groups. 
 4-week-old 9-week-old Signs 
APV 3.8 2.2 Nasal discharge and sinus 

swelling in 30% 
ORT 0.8 1.0 Nasal discharge in 27% 
APV + ORT  6.2 2.7 Nasal discharge in 62% 

and sinus swelling in 70% 
 
Table 3.  Mean clinical scores in Bordetella avium inoculated groups. 
 4-week-old 9-week-old Signs 
APV 3.8 2.2 Nasal discharge and sinus 

swelling in 33% 
BA 7.7 8.7 Nasal discharge in 85% 
APV + BA 15.4 11.8 Nasal discharge in 100% 

and sinus swelling in 39% 
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Avian Pneumovirus.  Avian pneumovirus (APV) 

belongs to the genus Metapneumovirus in the 
subfamily pneumovirinae of the family 
Paramyxoviridae.  APV is a highly infectious virus of 
the upper respiratory tract of turkeys and chickens.  
APV has been isolated from turkeys and/or chickens in 
South Africa, France, Israel, Spain, Italy, Japan, 
Netherlands, Germany, Mexico, Hungary, United 
Kingdom, Greece and Taiwan.   In the United States, 
APV was first isolated in early 1997 by the National 
Veterinary Services Laboratory (NVSL) from Colorado 
turkeys with clinical signs of respiratory disease.  The 
signs included coughing, sneezing and nasal discharge. 
This isolation was the first evidence of a pneumovirus 
in poultry in the USA.  Subsequently, it has been 
isolated from turkeys in Minnesota. 

Avian pneumovirus causes respiratory infection 
both in turkeys and chickens with a sudden onset and 
rapid spread through flocks.  It causes rhinotracheitis in 
turkeys and swollen head syndrome in chickens.  
Turkey Rhinotracheitis is a disease caused by a 
pneumovirus which was first described in South Africa 
in 1978, and it is now recognized in many countries.   
The disease is associated with catarrhal infections 
(presence of mucus) of the upper respiratory tract, 
foamy eyes, swelling of the sinuses in young poults 
and it is exacerbated by secondary infections.  In laying 
birds, a drop in egg production is seen.   Morbidity in 
infected birds is often 100%.  The mortality ranges 
from 1 to 90% and is highest in young poults. All ages 
of turkeys and chickens are susceptible to avian 
pneumovirus infection. 

Avian Pneumovirus is transmitted by contact.  
Nasal discharge, movement of affected birds, 
contaminated water, contaminated equipment; 
contaminated feed trucks and movement of affected 
poults can contribute to the transmission of the virus.  
Air borne spread is speculated.  Egg transmission and 
carrier birds also have been suggested.  The virus is 
shown to infect the epithelium of the oviduct of laying 
turkeys. 

Host Range.  Most isolations of Avian 
pneumovirus have been made from turkeys and 
chickens implying that the host range is comprised of 
just these two species.  When a similar but a different 
subtype of the virus from Europe (Turkey 
Rhinotracheitis virus- TRTV) was inoculated (1) into 

turkeys, chickens, ducks, geese, pheasants, guinea 
fowl, and pigeons, the virus was recovered only from 
chickens and turkeys.  The investigators in this study 
suggested that the lack of more severe effects may have 
been related to the use of an attenuated TRTV in this 
case along with the absence of important 
environmental factors.   

However, other studies show indirect evidence of 
involvement of other hosts.  Antibodies to TRTV have 
been demonstrated in guinea fowl that died of swollen 
head syndrome.  Sera from ostriches sampled in the 
country - Zimbabwe were found to be positive for 
antibodies to TRTV.   Seagulls trapped near the 
shorelines in Europe were found to have high titers of 
antibodies to avian pneumovirus in their blood.  

The researchers at the University of Minnesota 
with support from Minnesota Turkey Research and 
Promotion Council are performing a series of 
laboratory and field experiments to identify the 
potential carriers most commonly noted in the vicinity 
of turkey farm operations.  The following sections 
describe the results as it pertains to the susceptibility of 
potential hosts to the Minnesota isolate of avian 
pneumovirus from turkeys.     

A. Mice and Rats.  We inoculated laboratory mice 
and rats (3, 5, and 7 weeks of age) with the avian 
pneumovirus isolate from Minnesota.  At 4, 6, and 14 
days post-exposure, a group of mice and rats were 
sacrificed.  Samples from blood, lungs, trachea, swabs 
from mouth and rectum, fecal droppings, and litter 
were examined for evidence of APV.  Blood was 
examined for any seroconversion to APV.   A PCR test 
was used on all samples to detect APV.  Contact spread 
of APV from infected mice and rats to contact controls 
also was examined.  

All PCR test samples collected from mice at 4, 6, 
and 14 days post-exposure were positive for the 
presence of APV nucleic acid.  Blood samples 
collected at 14 days post-exposure were positive for 
antibodies against APV.  Droppings were positive for 
APV by PCR.  There was a contact spread of the virus 
from APV exposed to non-exposed turkeys. 

Rats in all three age groups (3, 5, and 7 weeks) 
were positive for APV infection mainly at 4 days post-
inoculation.  Their serum samples revealed the 
presence of antibodies to APV.  APV exposed rats shed 
the virus in their droppings. 
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B. Waterfowl.  Questions concerning the role of 
waterfowl in the transmission of avian pneumovirus 
were 
examined by transmission experiments.  Briefly, 
ducklings obtained from a commercial hatchery were 
obtained and experimentally inoculated at 10 days of 
age with the Minnesota isolate of APV.  They were 
examined for their susceptibility to APV and their 
ability to transmit the virus.  Ducks in one group were 
inoculated orally.  Ducks in a second group were 
inoculated by the oculo-nasal route.  An equal number 
of ducks were kept as uninfected controls.  The 
development of any clinical manifestations of APV 
infection in ducks was monitored.  At 3, 6, 9, 15, and 
21 days post-exposure, two ducks from each group 
were sacrificed.  Samples from blood, lungs, trachea, 
mouth and cloacal swabs, and intestinal samples were 
examined for the presence of APV infection.  Blood 
samples were examined for seroconversion.    

All ducks remained clinically normal.  The PCR 
results revealed that APV viral RNA was present in all 
tissues taken from 3 to 21 days post-inoculation.  There 
was no significant difference between birds infected by 
the oral or oculo-nasal routes.  The virus was reisolated 
from the infected ducks. 

C. Broiler chickens. Two- week-old broiler 
chicks free of antibodies to APV were exposed either 
by oculonasal or oral route with a cell cultured APV of 
turkey origin. Chickens from both APV-inoculated  
groups exhibited clinical signs of respiratory distress 
that included coughing, sneezing, nasal discharge and 
watery eyes during 2-8 days post-inoculation.  APV 
was reisolated from samples taken from chickens in 
both groups inoculated orally and oculonasally. 

D. Wild birds.  The role of wild birds in  
 

transmitting the APV virus was examined in the 
vicinity of turkey barns.  Table below shows the 
different species of birds examined for the presence of 
APV and their results.  Nasal turbinates or swabs 
collected from different species of birds, and from 
sentinel ducks placed next to turkeys farms 
experiencing avian pneumovirus (APV) infections, 
were analyzed for APV genome and infectious 
particles. APV RNA was detected in samples examined 
from geese, sparrow, starlings, and sparrows.  APV 
RNA and antibodies were also detected in two different 
groups of sentinel ducks.  Infectious APV was 
recovered from sentinel ducks. The APV M gene 
isolated from the wild birds had over 96% predicted 
amino acid identity with APV/Minnesota 2A which 
was isolated earlier from domestic turkeys showing 
respiratory illness, suggesting that wild birds may be 
involved in spreading APV infection.  Sparrows caught 
inside an APV outbreak building and sparrows trapped 
20 yards away from a turkey building were found to be 
positive for APV by PCR.   We feel this observation is 
very significant. 

E. Frogs.  On one occasion frogs from the 
perimeter of a turkey barn with APV positive birds 
were sampled.  PCR results were negative for all frogs.     

F. Other possible vectors (Humans, 
Management practices, etc.).  A comprehensive 
questionnaire to assess APV risk factors in the day-to-
day turkey farm operations was developed through 
several meetings with the APV Task Force of the 
MTGA and others.  The survey questionnaire was 
distributed to turkey producers experiencing and to 
those NOT experiencing APV infections in their 
operations.  The results of this survey will be 
presented.

PCR results from the different species of Wild bird 
Species examined     Number examined          PCR Results 

     English Sparrow     67      Positive (5) 
     European Starling    16      Positive (2) 
     Barn Swallow      5      Positive (1) 
     Killdeer       2      Positive 
     Owl        2      Negative 
     Goose droppings     3      Negative 
     Canada Goose       8      Positive (3) 
     Mallard Duck     33      Positive (4) 

 Dark-eyed Junco     5      Negative 
     Yellow-bellied Sapsucker   12      Negative 
     Rock Dove      6      Negative 
     Wild Turkey      7      Negative 
     Robin       4      Negative 
     American Crow      1      Negative 

 Cedar Waxwing      1      Negative 
 Downy Woodpecker     3      Negative 
 Pheasants       2      Negative 

    Northern Flicker      2      Negative 
     Common Grackle     6      Negative 
     Pied-billed Grebe     1      Negative 
     American Coot      1      Negative 
     Great Blue Heron     1      Negative 
     Hairy Woodpecker     2      Suspicious 
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Avian pneumovirus (APV) is a member of the 

Paramyxovirdae family that causes acute 
rhinotracheitis in turkeys characterized by coughing, 
nasal discharge, tracheal rales, foamy conjunctivitis 
and sinusitis in turkeys of all ages.  In laying birds, 
there is transient drop in egg production along with 
mild respiratory tract illness (4).  Uncomplicated cases 
have low mortality (2 to 5%) but APV infections 
accompanied by secondary infections (bacterial and/or 
viral) can result in up to 25% mortality (4).  APV was 
first detected in South Africa in 1978, but quickly 
spread to the United Kingdom, France, Spain, 
Germany, Italy, Netherlands, Israel, and Asia (4; 
Alexander, 1997).  The United States was free of APV 
infection until 1996, when a 10-month outbreak of 
upper respiratory system infection among turkeys in 
Colorado resulted in isolation of APV (Kleven, 1997; 
8).  However, the APV outbreak in the western state of 
Colorado was controlled by intense biosecurity 
measures and the disease has not been reported there 
since early 1997 (Kleven, 1997). APV was detected in 
1997 in the north-central state of Minnesota where the 
incidence of disease has increased over the past four 
years despite the establishment of biosecurity measures 
similar to those used in Colorado (1, 2, 3).  

Mammalian pneumoviruses encode ten gene 
proteins that include non-structural (NS1 and NS2), 
nucleocapsid (N), phosphoprotein (P), matrix (M), 
small hydrophobic (SH), surface glycoprotein (G), 
fusion (F), second matrix (M2) and RNA-dependent 
RNA polymerase (L) genes.  In contrast, APV lacks the 
NS1 and NS2 genes (6, Randhawa et al., 1997) and has 
a smaller L gene than mammalian pneumoviruses (6).  
The putative gene order of APV is 3’N-P-M-F-M2-SH-
G-L5’ (7).  Based on these differences, the avian 
pneumoviruses were classified in the genus 
Metapneumovirus, whereas their mammalian 
counterparts belong to the genus Pneumovirus (6).  
Two subgroups (A and B) of APV were defined in 
Europe, initially based on the level of genetic 
variations in the attachment (G) glycoproteins of APV 
strains (5). Subsequent studies showed significant 
heterogeneity in M and F gene nucleotide sequences 

between the two subgroups so that the genetic 
composition of these genes could also be used to 
distinguish between the subgroups (11, 12, 6, 8, 9).  
However, there has been no comparative genetic 
analysis based on N, P, and M2 genes across the 
subgroups because these genes have never been 
sequenced from subgroup B viruses.  

Sequence comparison of M and F genes from three 
1997 APV isolates from the US revealed that these 
genes shared 98% nucleotide sequence identity among 
one another, but only 60% to 70% nucleotide identity 
with APV subgroups A and B viruses (8, 9).  As a 
result of these differences, it was suggested that the US 
isolates should be classified as subgroup C (8,9).  

Comparison of the nucleotide sequences of 
nucleoprotein (N), phosphoprotein (P), matrix (M), 
fusion (F), and second matrix (M2) genes revealed 
between 89% and 94% identity, and predicted amino 
acid sequence identity of 81% to 95% among the 15 
US isolates. In contrast, genes from US viruses had 
41% to 77% nucleotide identity and 52% to 78% 
predicted amino acid sequence identity with European 
subgroup A or B viruses, confirming that US viruses 
belonged to a separate subgroup.  Of the five gene 
proteins analyzed in US viruses, P was the most 
variable  (81% amino acid identity) and N the most 
conserved (95% amino acid identity). There was 
evidence of positive selection between the first APV 
isolate (APV/CO) from the western region and viruses 
later isolated from the north-central region of US 
(APV/MN 1A and APV/MN 2A), as demonstrated by 
high nonsynonymous versus synonymous nucleotide 
substitutions (between 1.8 and 2.0) in the F gene. 
Phylogenetic comparison of subgroups A, B, and C 
viruses indicated that subgroup A and B viruses were 
more closely related than either A or B viruses were to 
subgroup C viruses.  
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SUMMARY 
 

Economics plays an essential role in the choice of 
management programs in the poultry industry as well 
as in most businesses.  Economics drives the selection 
of systems, products, and procedures among a long list 
of alternative options.  Costs, values, profit margins, 
competition, overhead, performance, efficiencies, etc. 
are all economic subjects and are of vital importance in 
their effect on the management of today’s modern 
agricultural enterprises.   

Management programs are chosen only following 
careful consideration of their relative worth compared 
to alternative programs.  Managers are charged with 
choosing sound programs, enacting them in detail, 
monitoring their applications and continuing their 

evaluation when new alternatives come along or when 
price/cost conditions change. 

This paper emphasizes some of the economic 
implications of program selection in the controversial 
areas of: caging systems for laying hens, beak 
trimming and induced molting.  Analysis of relative 
biological performance is stressed with cost/price 
calculations emphasized to discover the economic 
impact on the operation.  The impact of imposed 
regulations on systems is discussed. 
  

INTRODUCTION 
 

Commercial management practices for laying 
chickens are chosen on the basis of their ability to 
perform a basic task with a minimum of detrimental 
effects to the flock or to the environment in a cost-
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effective manner (29).  For example, feed must be 
delivered to a flock frequently and in an adequate 
quantity and quality to satisfy each chicken’s basic 
needs for nutrients.  The delivery system must be well 
designed, competitive in price, free of defects, and low 
in maintenance costs if it is to be selected.  This same 
principle is followed for the selection of every 
management system in use today.   

Obviously, there are many alternative systems 
which can do a comparable job and individual farmers 
have different needs which may require different 
systems.   This is why we see a variety of systems and 
practices.   Owners use different strains of chickens, 
different feeding programs, different poultry houses, 
and a wide range of other management techniques.  
Farmers strongly defend their choices and justify them 
on the basis of their own experience.  They get good 
responses from their flocks, the help finds the systems 
easy to work with, and ownership believes they are 
cost-effective and yield the highest returns on their 
investments.   

Some of the practices in use today by the 
commercial table-egg industry are being criticized by 
observers of the industry.  These practices are 
perceived as being harmful to the flocks or ones which 
fail to address the specific behavioral needs of the 
chickens.  They include:   

1.  The use of animals in any way. 
2.  The caging of chickens. 
3.  The use of beak trimming. 
4.  The use of induced molting. 

   5.  Transportation and handling systems. 
6.  And others. 
This list includes items which may require 

absolutely no change from current procedures, others 
which may need some modification to eliminate 
problem areas, and some which might justify major 
changes or even elimination from the list of choices.  
The industry, as well as individual producers, must 
take a hard look at their systems to determine whether 
on not adjustments should be made in areas of flock 
welfare and health without adversely affecting the 
economics of the operation.   

This paper will address three areas from the list 
above, which have drawn the most criticism in recent 
years - caging, beak trimming and induced molting.   
 

CAGES FOR TABLE EGG LAYING 
FLOCKS 

 
The commercial application of cages for egg 

production began in the 1930's, became widespread in 
the 1940's and 1950's and is currently thought to 
represent 70-80% of the World’s production.  Today, 
we would estimate that 98% or more of the commercial 
production of the United States is in cage systems. 

During this 50 or more years of use, cages and 
their associated equipment have been improved and 
modified, cage density has increased (more hens per 
cage and/or less space per hen), strains of birds have 
been developed to perform more efficiently in current 
management systems, and other programs (feeding, 
health, beak trimming, lighting, etc), have been 
adjusted to conform to the needs of birds in cage 
situations. 

Concern has been expressed that chickens should 
not be caged.  The argument is that birds are not able to 
express their “natural behavioral needs”.  They can’t 
“nest” their eggs, dust their plumage, choose their feed, 
run around, or attempt to fly.  In becoming 
domesticated and managed, the caretaker has either 
eliminated some of these practices or changed the way 
these needs are addressed.   Originally, these concerns 
were not expressed as layers were housed in single-bird 
cages.  Cages were applauded for removing chickens 
from their own feces and for eliminating the centuries-
old problems of internal worms and parasites.  Eggs 
were cleaner, working conditions for the farm laborers 
were better and general management was easier.  But, 
most importantly, egg farmers made money with these 
new systems.   Under these conditions, crowding was 
not a concern and single birds did not develop anti-
social tendencies therefore beak trimming was not 
necessary when pen-mates were not present. 

The original single-bird cages provided each layer 
with 968 to 1290 cm2 (150 to 200 in.2) of floor space 
and 
12.8 to 25.4 cm (5 to 10 inches) of feeder space.   As 
time passed, egg producers found they could add 
additional birds to their cages with little if any 
performance losses.  As space allowances were 
reduced, performance was lost to the extent that further 
crowding could no longer be justified. 

University of California research with the cage 
density issue dates back to 1961 when we studied the 
effects of adding a third bird to a standard 2-bird cage.  
The reduction from 697 to 464 cm 2     (108 to 72 in.2) 
did not affect hen-day egg production, but mortality 
due to prolapse and pick-outs increased from 1.4% to 
7.4%.   

A second study in 1963 added a fourth bird to this 
same cage size and compared it to a 3-bird cage (464 
vs. 348 cm 2) (72 vs. 54 in2).  In this case, hen-day egg 
production was reduced from 64.0% to 61.7% and 
prolapse/pick- out mortality was doubled from 3.4% to 
7.8%.  Obviously, this density was approaching an un-
economic level. 

During the 1960's and 1970's cage densities 
gradually increased until today, when 310 and 348 cm 2    
(48 and 54 in.2) per bird have become the standard 
space allowances for laying hens in the US (white-egg 
strains).  This compares to the 450 cm2 (70 in2) 
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standard in Europe and other countries for 
predominately brown-egg birds.  Current discussions in 
Europe center around the questions of increasing 
allowances to 800 cm2 (124 in.2) or complete re-
designing or elimination of the cage altogether.  
Interestingly, government officials recognize the need 
to “block the import of eggs from countries with 
weaker animal welfare standards otherwise Economic 
Union egg farmers would be put out of business by 
cheap eggs from elsewhere in the world”.   

Also during this same time period, numerous 
research studies have demonstrated time and again that 
additional birds decrease hen-housed egg production 
and increase mortality.  Our analysis of 45 different 
experiments conducted across the US and Europe show 
14 fewer eggs and 3.9% higher mortality rates for each 
addition of one bird per cage.  Even though 
performance is adversely affected by increasing cage 
densities, egg producers can often justify the more 
crowded cage densities at different cost/egg price 
relationships.  With many producers, current levels of 
egg prices and feed prices will not justify the lower 
space allowances.  On the other hand, some producers 
can justify crowding under almost any cost/price 
relationship because of their ability to manage such 
situations. 

In the last 20 years, the laying cage has gone 
through many modifications.  Whereas the original 
cages commonly held 1-4 birds, today’s cages are 
designed for 6-10.  As a result of University of 
California research relative to cage design and other 
factors, more emphasis is now placed on feeder space 
allowances with most systems allowing 7.6 to 10.2 cm 
(3 to 4 in) per bird (3).  Cages have become more 
“square”, thus allowing each chicken more feeder 
space.   Multiple drinkers are recommended to avoid 
problems when an individual drinker becomes 
inoperative.  Manure systems are designed to store 
wastes in a different level of the building or to be 
removed on a daily basis. 

Today, we use larger cages than in the 1950-1960 
period and the most popular cages are for 6 birds with 
space allowances of about 348 cm2  (54 in.2) per bird.    
In 1994 a large scale experiment was set-up on a 
commercial California farm to measure the 
performance and economic differences in placing 5, 6, 
and 7 birds per 40.6 cm wide by 50.8 cm deep cage (16 
in by 20 in)  (10).  This experiment was conducted over 
a 38 week experiment (to 58 weeks of age) with 53 
thousand DeKalb Delta White Leghorn hens.  Data was 
based upon 24 rows of 2200 birds each.   Results are 
listed in Table 1. 

Table 1 illustrates that the highest returns per bird 
were obtained in the 6-bird cage.  This was due 
primarily to a reduction in feed usage.   The highest 
return on investment was also obtained in the 6-bird 

cage during low profit years, but with high profit years, 
the higher density (7 birds per cage) maximizes returns 
on investment.  A fixed high density choice over time, 
might result in company failure during periods of 
extended low profit margins. 

The choice of cages (design, size, shapes, etc.) and 
their management systems have many economic 
implications as discussed above, however, the 
proposed legislated elimination of cages in Europe will 
have even greater economic effects for egg producers 
throughout the region, to their suppliers and to the 
consuming public.  The current proposal to eliminate 
cages within the next ten years is a major step 
backwards in the way flocks are managed.  Flock 
health will be severely affected with major food safety 
implications.  The current non-washing policy for eggs 
will likely have to be changed to adjust to the dirtier 
eggs produced by litter or free-range systems.  Higher 
flock mortality rates are likely to occur thereby 
offsetting some of the claimed welfare advantages for 
non-cage systems.  One European legislator was 
quoted as saying “Changing from battery to free-range 
eggs would cost the average consumer less than £2 a 
year”.  This would represent $850 million per year in 
the US - not a small amount of money! 

Cages have many advantages that should not be 
discarded in exchange for the one presumed 
disadvantage of  “the flocks’ inability to express their 
natural behavior”.  The scientific community must 
communicate the net losses and gains which accrue 
when husbandry practices are abruptly and totally 
changed.  Total effects are much broader and more 
complex than a mere £2 ($3.20) increase in costs to the 
consumer.   

Caging is a pro-welfare system of housing laying 
hens.  It results in improved livability, healthier 
flocks and higher profitability. 
 

BEAK TRIMMING 
 

Beak trimming is a management practice used to 
reduce cannibalism, feather pecking, and other anti-
social behavior in chicken flocks.  Its benefits are 
widely acknowledged in the commercial chicken 
industry.  Benefits include: 

1.  Reduced mortality from pecking. 
2.  Reduced injuries and sub-normal performance. 
3.  A general calming of the flock. 
4.  Reduced feed wastage and feed usage. 
Today’s methods date back to the early 1940's 

when the University of California developed a 
technique using a sharp edged device capable of being 
heated to cauterize the beak (11).  Dozens of 
experiments and field trials subsequently refined the 
practice as we know it today. Beak trimming involves a 
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complex set of decisions which describe in detail the 
process: 

1.  Age of birds to be trimmed. 
2.  Timing relative to other management practices. 
3.  Amount of beak to remove. 
4.  Shape of the cut. 
5.  Blade type and sharpness. 
6.  Blade temperature. 
7.  Time of cauterization. 
Failure to monitor and control any of these can 

give less than desirable results.  Even though, there are 
methods to reduce the severity of this problem, beak 
trimming still appears to be justified when one 
considers the advantages and disadvantages of this 
issue.  

Lower light intensities in controlled environment 
houses will tend to reduce the problem of cannibalism 
and thus may eliminate the need to beak trim for 
cannibalism control per se.  Some strains of birds have 
very low levels of anti-social behavior, but advantages 
can still be demonstrated for beak trimming.  Reduced 
cage densities will lessen mortality problems 
associated with crowding, but economics may still 
dictate the use of beak trimming to control costs. 

Commercial-scale experiments comparing beak 
trimming vs. non-trimmed controls are difficult to 
conduct as farmers are reluctant to risk the increase in 
mortality they expect by not trimming a large number 
of their birds.  In addition, proper experiment design 
requires replication of treatments and large numbers of 
hens in each replicate are required to make meaningful 
assessments of mortality effects. 

In 1994 an experiment was set up on a large 
commercial farm in California to measure the 
differences in performance between beak trimmed and 
non-trimmed birds. (Table 2) (14). 

The California experiment included 71 thousand 
birds placed in 32 - 2200 bird rows.  Cages were 40.6 
cm wide by 50.8 cm deep (16 in by 20 in) and 6 birds 
were placed in each cage.  The experiment was 
conducted for 40 weeks beginning at 18 wk. of age and 
ending at 58 wk.  Because the birds were to be molted 
at 60 wk., the last 20 wk. of results were projected 
from performance levels during weeks 51-58.   
Economic differences at that time were due mainly to 
feed consumption savings for the beak-trimmed birds 

Significantly higher egg production and egg 
weight was observed in the non-trimmed birds, but 
they also experienced more mortality and consumed 
more feed.  Mortality in this experiment was 
exceedingly low in both treatments due to the strain of 
birds used.  The 1.34% difference in mortality in favor 
of the beak-trimmed birds was highly significant (P< 
0.001) and would have probably been missed in 
traditional smaller experiments.  The 5.3 gram per day 
reduction in feed consumption in the beak trimmed 

birds was associated with lower body weights (105 
grams/bird) and a slightly lower production of egg 
mass.  Eighty percent of the differences in feed 
consumption were associated with these two factors.  
Waste did not appear to be a major contributor to the 
differences noted. 

A similar experiment in 1997 by Anderson and 
Davis at North Carolina State University compared two 
beak- trimming methods with a non-trimmed control.  
This experiment included 3160 pullets for 64 weeks of 
production.  This experiment was unique in that 
“fearfulness” and feathering were evaluated.  Results 
are listed in Table 3 (16).  Unlike the California study, 
higher hen-housed egg production was observed.  This 
was due principally to high mortality and major 
differences in mortality between beak trimmed and 
non-rimmed treatments.  Similar trends to the 
California research for feed consumption were seen 
with a marked reduction exhibited by the trimmed 
groups.  The fearfulness score was significantly higher 
for the non-trimmed treatment indicating a further 
advantage for beak trimming.  And finally, the feather 
coating was markedly superior in beak-trimmed birds.  
This may be a significant contributor to the lower feed 
consumption observed.  Individual beak trimming 
methods also show dramatic differences in flock 
performance as seem in Table 3.  Even though the 6 
day precision and 11 wk severe method birds laid 
practically the same number of eggs, feed 
consumption, feather score and economics favored the 
11 wk severe beak trimming method. 

Performance differences between beak trimming 
methods have always been seen in University of 
California experiments dating back to 1972 (Table 4).  
Interestingly, similar to the North Carolina research, 
the more severe (apparent) methods commonly 
outperform the less severe methods.  No economic 
analysis was made in this experiment.  A significantly 
higher egg production rate was observed in the 
severely trimmed groups.  The 18 eggs improvement 
was unexpected because of the apparent severity of the 
method. 

A similar experiment was conducted in 1981 to 
verify the moderate/severe beak trimming comparison.  
A third method was added - a one cut technique for 
both beaks.   All trimming was done at 12 weeks.  This 
experiment was also designed to determine if results 
were different with different colony sizes.  Results are 
shown in table 5.  Results of this experiment verify the 
results of the previous experiment by demonstrating the 
superiority of the severe beak trimming method but 
primarily in the more crowded environment.  Feed 
consumption was similar for all methods, but mortality 
differences were large.  In summary, the more severe 
method was the method of choice, especially in the 
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more crowded condition.  Mortality was reduced and 
profitability was higher. 

Beak trimming is a practice that no one likes, but it 
does prevent higher levels of cannibalism and appears 
to be of major economic importance to the industry.  
The selection of the best method is also an important 
decision for poultry flock managers.  But, of equal 
importance, the monitoring of the practice is essential 
to be sure that techniques are applied evenly across the 
entire flock.   

Beak trimming is a pro-welfare management 
technique and is done to reduce mortality and to 
improve profits in egg production. 
 

INDUCED MOLTING 
 

Induced molting (forced molting) is a procedure 
used to rejuvenate laying flocks for a second cycle of 
egg production.  Molting, as applied by the farmer, has 
been used off and on in the commercial egg industry 
for almost one hundred years.  Early mention was 
made in Professor Rice’s book in 1905.  It was revived 
in the 1930's in the Pacific Northwest region and has 
been practiced at a high rate there ever since.  Its 
second re-birth occurred in the late 1950's in Southern 
California and has been incorporated in a high 
percentage of replacement programs throughout the 
country. 

Induced molting usually involves removal of feed 
for periods of 5 to 14 days followed by a low nutrient 
ration for the remaining days in a 28 day molt program.  
Molting, in nature or induced by the farmer, have the 
same effect - rejuvenation of the flock with resulting 
higher egg production, renewal of feathering, and 
improvements in egg quality. 

Molting programs involve an estimated 75-80% of 
the commercial flocks in the US.  At any point in time, 
25-30% of the nation’s layers are either in a molt or 
have been molted earlier - this represents some 75 
million layers out of a total of 265 million.  Molting is 
considered a part of the normal replacement policy on 
the majority of farms in the US today.  Options for the 
farmer include 1, 2, or 3 cycle programs with disposal 
ages ranging from 75 to 140 weeks of age. 

It’s estimated that replacement programs that 
include molting result in at least 15% higher profit 
margins for the egg producer compared to all-pullet 
programs (1999).  Model building computer software is 
available to construct typical 1,2, and 3 cycle flocks.  
Such models are based upon individual owner 
experiences or can be developed from breeder 
standards.  Although developed to determine optimum 
replacement policies, they can also be used to 
determine “what if” situations for different cost/price 
situations or for conditions unique to a particular 
region of the world. 

An example of performance, cost, and income for 
a typical molt and non-molt program is shown in table 
6. In this example, after exclusion of other costs, the 
annual income per hen housed from the molt program 
is estimated to be $1.32 compared to $1.15 for the one 
cycle non-molted program - an increase of 15% in 
profits.  With lower egg prices or higher feed prices, 
even greater differences would exist.  Molting is more 
justified under low margin conditions (low egg prices 
or high feed prices). 

As one can see, molting is an important tool for 
optimizing profits in the egg industry.  Much of the 
controversy about molting is not about the practice 
itself, but is directed at the methods used to molt a 
flock.  Practically all methods require some degree of 
feed or nutrient restriction and this is not acceptable to 
many.  There are methods which limit specific 
nutrients (calcium, sodium and protein) which are used 
in countries that do not allow feed withdrawal.  Most of 
the research with these methods has not proven them to 
be as satisfactory compared to traditional feed removal 
methods  (19). 

The elimination of induced molting in the egg 
industry would have far-reaching effects on egg 
producers, their suppliers and the general public.  US 
egg industry’s cost and egg price conditions result in 
very narrow profit margins and the choice of 
replacement programs has a major impact on a farm’s 
profitability.   

Technology is usually adopted slowly and the total 
effect is spread over the entire industry over a several 
year period.  This prevents massive over-night changes 
in egg supplies and resulting disruption of the egg 
market.  From time to time, different developments 
have come along that have dramatically change the 
performance characteristics of the nation’s flock and 
major changes in the industry’s profitability have 
occurred.  Examples of this include: major disease 
epidemics, large changes in feed prices, and significant 
changes in the performance characteristics of different 
strains of chickens.  Eliminating a primary 
management technique (molting) arbitrarily is an 
example of an extremely disruptive problem.  It would 
result in: 

1.  The nation’s laying flock would increase in size 
by about 3% as a result of higher house utilization. 

2.  All-pullet flocks would lay at a 4% higher rate 
than two-cycle flocks do today. 
  (Both of these would have a major negative 
effect on egg prices) 

3.  Higher costs of production. 
4.  Approximately 47% more: 

  a.  Additional chicks to hatch. 
  b.  More breeding farms and breeding flocks. 
  c.  More hatcheries. 
  d.  More male chicks to be destroyed. 
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  e.  More spent hens to market. 
5.  Higher percentages and numbers of medium 

and small eggs. 
  

Induced molting is a vital component of the 
replacement programs used throughout the industry.  
Without molting, flocks would be kept beyond the 
optimum age for high egg quality, costs to the industry 
would be prohibitive and the age at disposal for flocks 
would be shortened from the current 105 to 110 weeks 
to 75 to 80 weeks. 

Induced molting is a pro-welfare management 
technique and is done to lengthen the productive life 
of flocks and  to improve profits in egg production. 
 

CONCLUSIONS 
 

The well-being of commercial laying flocks is the 
result of the systems chosen and the quality of 
management to make them work as intended.  
Oftentimes, simple changes can be made to improve 
these systems which result in both improvements in the 
well-being of the flock and the profitability of an 
operation. Careful monitoring of caging, beak 
trimming and induced molting procedures will 
minimize the risk of hurting our flocks and their 
performance.  High reproductive performance is an 
excellent indicator of overall good management.   

The choices the farmer makes are driven mostly by 
economics and economics cannot be arbitrarily 
dismissed from its important position.   Most welfare 
issues are incremental ones:  

* More birds per cage reduces performance. 
* More days off feed increases mortality. 
* The more beak removed, the greater the damage 
* and so on.     
Regulations either eliminate practices altogether 

(no cages) or place numeric restrictions   (450 cm2 per 
hen) (70 in 2) on a practice.  Such regulations are 
usually enacted to address the exceptional problems but 
are imposed upon all.  If the regulatory route is chosen, 
it must be based upon scientific fact and not the 
expedient approach of totally disallowing a practice for 
political reasons.         
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Table 1.  Performance results - Univ. of California cage density experiment - 1994. 

Trait 5/cage * 6/cage * 7/cage * 

Hen-housed eggs 198.0 194.3 185.2 
Av. Egg weight (g/egg) 59.8 60.1 60.3 
Total weight of egg mass/hen housed (kg) 11.84 11.65 11.16 
Mortality (%) 6.5 8.4 9.4 
Daily feed intake (g) 105.6 101.4 99.4 
Profit index/hen-housed  ($) 3.97 4.08 3.79 
Profit/cage (high costs) ($/cage) ** 4.68 6.18 5.32 
Profit/cage (low costs) ($/cage) *** 11.98 14.66 15.06 

*Cage size = 16 in. (40.6 cm) wide x 20 in (50.8 cm) deep. 
** High costs = $2.50 per pullet, $7.50/100 pounds of feed, $.50/dozen eggs. 
*** Low costs = $2.00 per pullet, $6.00/100 pounds of feed, $.50/dozen eggs. 
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Table 2.  Performance results - University of California beak trimming study - 1993/941 
 (40 weeks of results with projection of economic results to 78 wk.). 
  Trait Beak trimmed Not trimmed Statistical Significance2 

Hen-housed eggs 191.5 195.7 *** 
Av. egg weight (g/egg) 58.9 59.7 *** 
Total weight of egg mass/hen 
housed (kg) 

11.27 11.68 *** 

Mortality (%) 3.39 4.73 *** 
Daily feed intake (g) 96.0 101.3 *** 
Profit index/hen-housed  ($) 3.99 4.00 not significant 
Profit (projected to 78 weeks of 
age) ($) 

+ $.24/hen housed 3   

1 71 thousand Hy-Line W-36 White Leghorn hens (18-58 weeks of age) 
   Non-trimmed versus 7-week trimmed. 
2 * (P < 0.05), ** (P < 0.01), *** (P < 0.001) 
3 Projected profits to 78 wk of age is based upon 1.25 ¢/wk profits during the 51-58 wk period.     
 
Table 3.  Performance results - North Carolina State University beak trimming study - 1996/97. 

Trait Non - trimmed 6 day precision method 11 wk severe method 

Hen-housed eggs 316 335* 333* 
Hen-day egg production (%) 79.8 81.2* 80.9 
Av. egg weight (g/egg) 61.1 61.5 60.5 
Fearfulness score1 2.95 2.50* 2.20* 
Feather score2 3.00 4.80* 5.75* 
Mortality (%) 26.3 18.7* 17.1* 
Daily feed intake (g) 122 114* 107* 
Egg income minus feed cost  ($/hen-
housed) 

8.38 9.87* 10.23* 

1,2 The higher the number the greater fearfulness and greater feather cover. 
*    Significantly different than the non-trimmed birds. 
 
Table 4.  Beak trimming methods and performance - University of California - 19721 

Trait 7 day precision 12 wk moderate2 12 wk severe3 

Hen-day egg production (%) 69.7 69.4 72.8 
Hen-housed eggs 216 213 231 
Mortality (%) 13.9 16.5 12.0 
Egg weight (g/egg) 55.5 56.0 55.9 
Daily feed intake (g) 116 113 114 

1 22 to 70 wk. of age.  
2 Top beak to 1/4 inch of nostril, bottom beak 1/3 trimmed. 
3 Top beak to 1/4 inch of nostril, bottom beak 2/3 trimmed.  
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Table 5.  Performance results - University of California beak trimming study - 19811. 
Trait Moderate Moderate Severe Severe One cut One cut 
 3/cage 4/cage 3/cage 4/cage 3/cage 4/cage 

Hen-day egg  
production (%) 

77.1 71.5 78.0 76.0 74.8 74.9 

Hen-housed eggs 246 217 243 244 232 216 
Daily feed intake (g)  104 105 103 103 103 105 
Mortality (%) 7.3 18.0 11.5 8.6 15.6 24.2 
Egg income minus feed cost ($/hen-
housed) 

3.24 2.35 3.18 3.11 2.84 2.63 

1 20 to 68 wk of age. 
 
Table 6.  Comparison of a single cycle program with a two cycle program - 1999 
Trait Single cycle (80 wk sale) Two cycle (110 wk sale)1 

Av. hens (%) 95.6 93.4 
Av. Wkly mortality (%) .150 .154 
Hen-day egg production (%) 77.9 72.9 
Eggs per hen housed 312.9 428.7* 
Large & above eggs (%) 76.9 81.1 
Total egg mass  (lbs/hen housed) 41.7 58.1* 
Undergrade eggs (%) 5.5 5.6 
Av. egg value (¢/dozen) 52.7 53.4 
Daily feed consumption (g) 101.6 98.9 
Feed per dozen (lbs) 3.45 3.60 
Feed cost (¢/dozen) 25.0 26.0 
Pullet cost (¢/dozen) 9.6 7.0 
Feed + pullet (¢/dozen) 34.6 33.0 

1 Molted at 65 weeks of age 
* Longer period of time. 
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ABSTRACT 

 
This paper reviews the main developments in 

research and control of disease in the Australian 
poultry industry against a background of major 
contributions by Drs Hart and Hungerford prior to 
1950. The disease status of poultry was well defined by 
the poultry veterinarians of the time with only five viral 
diseases and about 12 bacterial diseases causing 
significant loss in poultry. However, since 1950, the 
changes in the industry in the form of integration and 
intensification have been accompanied by the 

recognition of over 11 new disease agents or antigenic 
variation that have caused either significant chronic or 
acute loss to the poultry industry. Major initiatives 
have been undertaken by poultry companies 
underpinned by government/industry research funding. 
Governments have contributed through the 
development of exotic disease control plans, vaccine 
standards and codes of practice. A large number of 
company veterinarians developed biosecurity and 
quality assurance programs that have reduced disease 
loss. Research has contributed a range of vaccines and 
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pharmaceutical products that allowed effective 
preventative programs to be implemented. 
  

INTRODUCTION 
 

Fifty years ago, the Australian poultry industry 
consisted of an egg industry based on family farms 
with chicken meat being supplied through live bird 
markets derived from spent hens and off-sex cockerels. 
The broiler industry did not commence until the 
1960s.The disease status of the Australian poultry 
industry at the time was well defined by a limited 
number of poultry practitioners and thoroughly 
documented in the publications of Hungerford 
(10,11,12). The infectious viral diseases that were 
identified in Australia in 1949 (when a quarantine ban 
was placed on all poultry imports) included Marek's 
disease (MD), infectious laryngotracheitis (ILT), Fowl 
Pox, avian leucosis, and avian encephalomyelitis. 
Ornithosis had been recognised. Bacterial disease that 
were present included pullorum disease, paratyphoid, 
infectious coryza, fowl cholera, spirochaetosis, avian 
tuberculosis, Mycoplasma gallisepticum infection, 
listeriosis, erysipelas and a variety of infections due to 
Staphylococci, Streptococci and Escherichia coli. Over 
the next 50 years, new infectious poultry disease agents 
emerged with some showing evidence of evolutionary 
change in respect to virulence.  
 

THE DISEASE ENVIRONMENT 
 

The rapid development of the broiler industry from 
1960 and the accompanying intensification of poultry 
production adjacent to large towns alongside the family 
egg farms provided an ideal environment for disease 
transmission through air-borne or vicinity spread. The 
introduction of cages for egg production in the 1960s 
increased egg farm size. New broiler genotypes (some 
of which were alleged to have been derived from 
smuggled eggs) varied in susceptibility to infectious 
agents. Vertical integration of the industry facilitated 
egg transmission of agents. Biosecurity was limited. 
Quality assurance had not yet been considered. Growth 
and profit were the driving forces. 
 

THE DISEASE CONTROL ENVIRONMENT 
 

Family egg farms of the 1950s relied heavily on 
vaccination and medication. The government role was 
limited to mandatory pullorum testing and ILT 
vaccination. The expanding poultry industry did not 
have a poultry improvement plan like the USPIP (U.S. 
Poultry Improvement Program). The chicken meat 
industry developed several politically and scientifically 
strong organizations whereas the egg industry was 
disparate but maintained its strength through state 

controlled marketing organizations that limited 
production to aid returns to the producer. The poultry 
industry wanted limited government interference and 
set about establishing company-based disease control 
plans. In the late 1960s, both the egg and chicken meat 
industries established compulsory levies on producers 
to contribute to funds for research. The government 
matched these funds $ for $. Whilst the primary aim of 
these funds was for research, many of the discoveries 
have been instrumental in establishing disease control 
measures within companies.  

Whilst pharmaceutical products were and continue 
to be a major disease control measure adopted by the 
poultry industry, there has been a gradual replacement 
by vaccines and other control measures over time. 
Eradication programs for pullorum disease were in 
place over 50 years ago but were only seriously 
approached when the disease became a problem in the 
broiler breeding industry in the 1960s (14). Vertically 
integrated broiler companies followed their USA 
counterparts in eradicating M.gallisepticum and 
M.synoviae from genetic stock in the 1970s. 

The dangers of producing vaccines on a non-SPF 
substrate for parentally administered vaccines became 
apparent in 1974 when a herpesvirus of turkeys (HVT) 
vaccine was contaminated with reticuloendotheliosis 
virus. Standards for avian viral vaccines were 
improved and have been a major contributor to high 
quality vaccine production in Australia. The 
importation of vaccines has been resisted by the 
poultry industry and it has only been since 1997 that 
limited quantities of inactivated poultry vaccines have 
been imported. 
 

VETERINARY RESOURCES 
 

Veterinary services to the poultry industry were 
provided by a few private veterinarians and state 
diagnostic laboratories up until about 1970, when 
integrated poultry companies employed veterinarians 
who developed diagnostic laboratories to undertake 
disease surveillance and product quality control. More 
recently, there has been a reduction in state veterinary 
services and many of the smaller farmers rely on 
technical services being provided through feed, vaccine 
and pharmaceutical companies. In 1961, poultry 
veterinarians formed an association, the Australian 
Veterinary Poultry Association (AVPA), which has 
continued to contribute to government policy and 
scientific exchange. The AVPA celebrated its 40th year 
this February past. 
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THE RECOGNITION OF NEW DISEASE 
AGENTS 

 
Infectious laryngotracheitis virus (ILTV): This 

viral disease could be considered synonymous with the 
development of avian virology in Australia. Despite its 
discovery in 1934 (20) and control using attenuated 
vaccines (22), additional research on its pathogenesis 
and immunity (5) and proposals for eradication (1) 
have not limited its ability to cause sporadic epidemics 
in Australia. 

Infectious bronchitis virus (IBV): Evidence for a 
transmissible agent as the cause of a nephropathogenic 
syndrome observed in the 1950s had been proposed by 
others but it was not until the work of Cumming (3) 
that IBV was proven to be the cause. Vaccines became 
available in 1966 (4) but optimisation of vaccination 
has proven difficult in some situations. Recent studies 
(13) have demonstrated that antigenic variation may 
explain some of the vaccine failures. 

Newcastle disease virus (NDV): NDV was found 
to be widespread in Australia following the isolation of 
a lentogenic strain (21). The endemic strain proved to 
be valuable vaccine seed for production of a vaccine 
for use in developing countries (23). Evidence of 
evolving virulence was found in the 1990s in 
association with late respiratory disease (9). When 
virulent clones of NDV were isolated from clinical 
outbreaks of ND in 1998 and 2000 and were shown to 
be antigenically similar (in gene sequences in the 
fusion protein) to the original endemic viruses, a 
further evolution in virulence was apparent. 

Infectious bursal disease virus (IBDV): 
Although antibody to IBDV had been recognised in 
1968, the virus was not isolated until 1974 (6). Viruses 
that were isolated have been identified as classical 
serotype 1 mainly associated with immunosuppression. 
However, more recent studies (18) have identified a 
range of classical and of variant strains different to 
those in the USA. However, no evidence of very 
virulent strains of IBDV has been found. An 
internationally successful vaccine virus stain, V877 
(16), was developed from a local isolate. 

Virulent Marek's disease viruses (vMDV): The 
evolution of MDV in terms of virulence in Australia 
was evident when the cause and the pathology were 
distinguished from avian leucosis in 1967. From the 
1960s onwards, there were clearly MDVs present that 
were capable of causing predominantly lymphoma in 
visceral organs. In the mid 1980s, virulent strains were 
identified and from 1992 there was evidence of the 
presence very virulent strains of MDV (26). Failure to 
control these more virulent viruses in imported 
genotypes required the local manufacture of HVT and 
Rispens MDV vaccines from imported masterseeds 
(15). 

Avian Influenza virus (AIV): Australia has 
experienced five outbreaks of highly pathogenic avian 
influenza in 1976, 1985, 1992, 1994 and 1997. All 
outbreaks were due to the H7 strains of AIV and were 
eradicated by slaughter of infected farms. Serological 
surveillance did not detect any other infected farms. No 
relationship was demonstrated between the outbreaks 
although in all cases contact with domestic ducks or 
wild waterfowl was suspected. Testing of Australian 
waterfowl has found a wide range of haemagglutinin 
types including H7 and H5 representing a risk to 
commercial poultry farms (24). 

Other viral diseases: Egg drop syndrome virus 
was identified as the cause of two major epidemics in 
1980 and 1996. Antibody to chick anaemia virus 
(CAV) was found in 1983 and the virus was 
subsequently isolated. Inclusion body hepatitis was a 
major cause of mortality in broilers until vaccination of 
breeding flocks was practiced (8). Avian leucosis virus 
subgroup J has caused significant losses in a poultry 
breeding company since 1998. 

Bacterial diseases: Control of pullorum disease 
was achieved in the 1960s and this was followed by 
prolonged attempts by breeding companies from 1970 
to minimise the vertical spread of a range of salmonella 
serotypes (17). A marked reduction in the level of 
salmonella on poultry carcasses has been achieved but 
eradication remains an elusive goal. Australia also 
gained from early studies on vaccination against 
infectious coryza. Mycoplasma synoviae was 
associated with respiratory disease (7). More recent 
advances have been achieved in the development of 
methods of identification of bacteria, principally 
Haemophilus and Pasteurella spp. (2) as aids to 
improvements in vaccination and disease control. 
International recognition of advances in the control of 
mycoplasmosis has been achieved through the 
development of temperature sensitive Mycoplasma 
gallisepticum TS-11 and Mycoplasma synoviae MS-H 
vaccines (25). Genetically modified live bacterial 
vaccines for control of fowl cholera have recently been 
described (19). 
 

DEVELOPMENTS IN DISEASE CONTROL 
 

Disease control in the poultry industry is now 
firmly based within poultry companies. Quality 
assurance programs based on HACCP principles are in 
place for food safety and are developing for welfare, 
biosecurity and food labeling. There is little 
government intervention apart from exotic disease 
control and development of codes of practice. Exotic 
disease strategy documents exist that direct the way in 
which an exotic disease should be eradicated and 
funded. Attempts are being made to tie compensation 
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for the cost of eradication to the level of biosecurity 
being practiced by the farmer. 

The Australian poultry industry will face new 
challenges as global markets place pressure on local 
producers. Imported genotypes and vaccines will 
continue to test quarantine laws but research and 
development in molecular science offer new 
aspirations that disease control will keep pace with new 
threats to poultry health and consumer demands. 
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Prior to the late 1980’s, commercial free-range 

poultry farming in Austria was predominately 
restricted to small units that had an opportunity for 
direct marketing, or to backyard flocks. Since that time 
consumer demand for free range and organic products 
has increased, and production has risen to meet this 
demand. Currently roughly 60 % of Austria’s in-shell 
marketed eggs are produced conventionally in 
cage/battery houses. 25 % of eggs are produced in floor 
and volary system houses and 15 % in free-range 
houses. In 1997 the percentage of free-range eggs sold 
in grocery stores was 19.1 %, in 1999 it had reached 
19.9 % (1, 2). Similarly in Switzerland more than one 
third of all produced eggs are from free-range farms 
(3).  

In Austria, free-range requires the same in-house 
standards (feeder space, water supply system, laying 
nests) as for floor production. Six to 7 hens are allowed 
per square meter indoors with 10 square meters per hen 
outdoor space. Hens must be allowed to move outside 
during periods of daylight, usually between 7 a.m. and 
sundown. Organic production has the same space 
requirements but different requirements in feed usage. 
Poultry houses also need to meet additional criteria, 
which are summarized in the so-called 
“Tiergerechtsheitsindex TGI”. This is a “poultry 
welfare index” and includes specific criteria such as 
distance to gates, number of hens per gate, size of 
gates, but provides little information on animal health. 
The monitoring or assessment of this index is done by 
animal welfare organizations, and the points assessed 
should be directly related to the degree of animal 
welfare on the farm. 

In 1997, a health status informational survey was 
conducted on free-range layer flocks. The survey 
obtained information on management, egg-production 
and state of health. Fifty free-range poultry flocks from 
40 farms were examined during springtime 1997 (4). 
The farm size varied from 500 to 3000 hens, with 
individual flocks of 500 to 700 hens. The eggs were 
collected manually or, on a small number of farms also 
mechanically, sorted by weight and packed into half-
dozen or dozen-sized cartons at the farm. A sheet with 
general information on how these eggs were produced 
along with the producers address was added to each 
carton. The boxed cartons were picked up at the farms 
two times per week and transported to a marketing 
organization. The boxed cartons were then brought to 

the different grocery store distribution centers. This 
guarantees the same per-egg-price to each producer, 
irrespective of the distance from the consumer. In 
Austria, most of free-range operations are members of 
marketing organizations. This particular organization 
consists of about 300 farms and produces about 75 
million free range or organic eggs per year.  

The health status survey covered 50 flocks on 40 
farms. Individual farm visits were conducted. The 
poultry houses were either newly constructed or were 
adapted for hens, and they had pens with forecourts of 
concrete, asphalt or gravel and paddocks for rotation. A 
10 m bare-ground border was around each house, and 
usually had deep holes for the hens to use for dust 
baths. 

The hygienic conditions in 34 out of 40 surveyed 
farms were acceptable, with basic biosecurity rules 
fulfilled (disinfections mats, separate clothes for the 
poultry houses). Seven flocks had IBV titers suggestive 
of a field challenge. Seven non-vaccinated flocks had 
Elisa titers to Salmonella enteritidis and bacteriological 
examination of fecal droppings showed that Salmonella 
group D was present in one flock. The presence of 
endoparasites was relatively low with 19 flocks testing 
free. Ectoparasites were not detected. Cannibalism was 
present in 14 flocks; feather pecking was present in 28 
flocks.  

Production data were obtained from 18 flocks. 
During a 12 months period, the average hen laid 
between 228 and 357 (mean 290) eggs. The rate of 
mortality ranged from 0-32 % (mean 7.2 %). The 32 % 
mortality rate seen in one flock was due to cannibalism 
and raptor attacks. The average benefit a producer gets 
for free range produced eggs is about 25 % higher than 
for floor eggs, which are also about 30 % higher than 
cage eggs. 

A decade ago, very few farmers were looking at 
alternative methods of egg production. But with the 
higher egg demand the supply had to be improved. In 
addition, consumers, especially in Austria, began to 
pay more and more attention to how their food is 
produced. Due to the higher demand from customers 
and a their willingness to pay a higher price for 
“alternative” produced food, more farmers have 
changed to those methods. In the consumer’s mind, the 
product or the price does not only determine quality, 
but also by the method of production of farming. 
Consequently some of the main grocery stores or 
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chains use this knowledge of the consumers’ 
preferences to ban cage-produced eggs and suggesting 
in their advertisements their strong desire to support 
animal welfare and provide a healthy food product. 

Austrian operations appeared to do better under 
the free-range program than other European countries. 
In Germany, for example, there are reports of mortality 
rates of 50 % (5, 6). One possible reason could be the 
smaller flock and farm size in Austria, where members 
of the family usually perform free-range poultry 
farming, and hired assistance is not involved. 
Successful free-range farming requires a high degree of 
emphasis on management and hygiene.  
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Despite the economic crisis the region experienced 

in 1997, poultry production in Asia continues to 
increase. Chickenmeat production rose from 8.17 
million ton in 1989 to 16.62 million ton in 1999 in 
Asia. Number of layers in the region jumped from 
1480 million in 1989 to 2935 million in 1999 (source: 
FAO). The popularity of poultry in Asia is no surprise 
since the stock for most commercial birds originated in 
Asia. Farmers were producing chicken in China, India 
and SE Asia long before Europe and America. 
Although the per capita consumption of animal protein 
is still low in these areas (lower values than 
recommended by FAO and WHO) the trend to 
consume more is increasing.  

Poultry health and management in Asia is as 
varied as the region itself. There are extremes of 
conditions both in bird health and management from 
computerized tunnel ventilated state-of-the-art facilities 
to simple open housed management. Both situations 
being capable of resulting in very profitable flocks or 
disastrous losses. Even with the potential for poultry 
industrial growth in the region, the variety of 
conditions existing make development of the industry a 
particular challenge. Variety begins with the weather 

where temperate conditions are found in the North, i.e. 
China, Japan, Korea and than the hotter humid 
conditions being more prevalent in SE Asia, such as, 
Thailand, Philippines, Malaysia, and Indonesia. If one 
considers housing to be one of the basics of poultry 
production, along with feed and water, this region is 
quite diverse and all types of poultry housing can be 
found. With all types of housing, the same factors must 
be considered, such as, temperature, moisture, air 
movement, and light. Efficient methods of feeding, 
watering and waste removal are still considerations no 
matter what type of house is used. When controlling or 
working with the basic elements at hand, the health of 
the bird is maintained and the potential production 
parameters are realized. 

The disease challenges in Asia are very real and 
must be considered when evaluating health programs 
and management schemes. Still present today in certain 
Asian countries are vvIBD, vvNDV, AI, and other 
poultry diseases that cause serious economic losses. 
Consideration of the variations in Asia, both in the 
management and field challenge situation, is important 
for the overall success of the industry and control of 
poultry health as it relates to the region and worldwide. 
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ABSTRACT 
 

In our laboratory system, infectious bronchitis 
virus (IBV) is isolated in embryonated eggs and virus 
is detected in allantoic fluid by RT-PCR with the IBV 
serotype deduced from restriction fragment length 
polymorphism (RFLP) analysis (Jackwood, M.W., 
H.M. Kwon, and D.A. Hilt. Avian Dis. 36:403-409. 
1992; Kwon, H.M., M.W. Jackwood, and J. Gelb, Jr. 
Avian Dis. 37:194-202. 1993). Although isolates are 
obtained each month of the year; IBV is isolated from 
broilers with highest frequency from December 
through April. Most of the isolates are from broilers 
with clinical illness, however, SPF sentinel Leghorns 
are also placed in broiler houses and then submitted to 
the laboratory for virus isolation. The isolation patterns 
of routine IBV serotypes are similar between sentinels 
and broilers with respiratory disease. Sentinels provide 
a higher yield of virus isolates but RT/PCR-RFLP 
variant IBVs are typically isolated first from sick 
broilers.  The Arkansas serotype is the most prevalent 
IBV serotype isolated in Alabama with Ark DPI 
predominant. Ark 99 was the most common in 1997 
but has rarely occurred since 1998. Mass and Conn are 
less common, presumably representing the re-isolation 
of vaccine viruses.  In 1999, an IBV with an RFLP 
pattern similar to DE 072 was first isolated in north 
Alabama from broiler breeders, and then from broilers. 
Ninety-six isolates of DE 072-like IBV, called GA 98, 
were obtained from broilers from March 1999 until 
December 2000. Six isolates of GA 98 were from 
broiler breeders, including the index Alabama isolate in 
February 1999. Clinical disease in broilers was 
characterized by few indications of respiratory disease 
within the flock, however, high condemnations 
occurred at processing from pneumonia and air 
sacculitis. Because of slight differences in the RFLP 
with DE 072, the virus was examined using primers 
specific for DE 072 S1 spike protein (Keeler, C.L., 
K.L. Reed, W.A. Nix, and J. Gelb, Jr. Avian Dis. 
42:275-284, 1998). An amplicon of 475 bp was 
obtained that had 96.2% nucleotide homology and 
90.5% deduced amino acid homology with DE 072. 
Similar results were obtained by sequencing studies of 
nine Alabama isolates of GA 98 by Dr. Jack Gelb of 
the University of Delaware. Concurrent with the 
Alabama experience, this virus was being isolated from 

broilers in Georgia in the laboratory of Dr. Mark 
Jackwood at the University of Georgia. His studies 
indicated that significant serological differences existed 
between this virus and DE 072, and among other IBV 
serotypes (M. Jackwood, personal communication). In 
consideration of these challenge study results and the 
nomenclature confusion among poultry producers, the 
DE 072-like virus was named GA 98, based on 
isolation of the index case from broilers in Georgia in 
late 1998. Even with the antigenic differences, DE 072 
live IBV vaccine has been the primary means of 
control with the rationale that the partial protection 
offered by DE 072 vaccine offers better protection than 
having immunologically naïve birds. The isolation of 
GA 98 from Alabama broilers dropped sharply after 
widespread use of DE 072 vaccine was incorporated 
into vaccination programs. Another virus has recently 
emerged in Alabama, AL/97/9021, first isolated from 
broilers in June 1997. Only a single isolate was 
obtained in 1997, and the virus was not observed again 
until April 2000. Sixteen isolates were subsequently 
obtained from broilers in 2000, and two additional 
isolates from broiler breeders. Twelve IBVs have been 
isolated from broiler breeders (> 12 weeks) in 
Alabama, coinciding with variable respiratory disease, 
egg production decreases, and mortality from 
secondary causes. GA 98 is the most frequent isolate, 
followed by Conn, then Mass, Ark 99, and Ark DPI. 
Ten IBVs have been isolated from noncommercial 
chickens. RT/PCR-RFLP variants are the most 
common, followed by Ark DPI, and then GA 98 and 
Mass. Broiler breeders and noncommercial poultry 
could be reservoirs of IBV and a source of new IBV 
variants, reinforced by the fact that GA 98 was first 
isolated in Alabama from broiler breeders.   
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ISOLATES FROM CALIFORNIA 
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Isolates of infectious bronchitis virus (IBV) can be 
characterized by a variety of methods. The typing 
methods used are dependent upon different properties 
of the virus, but in terms of nomenclature the 
identification usually relates back to a serotype name, 
e.g., Massachusetts 41, Arkansas 99. Serotyping of a 
virus isolate can be performed by either virus 
neutralization or hemagglutinin inhibition using 
serotype specific antisera. Both methods of serotyping 
take a considerable time to complete as well as being 
labor and material intensive; they are therefore not 
practical as routine tests in a diagnostic virology 
laboratory. 

Alternative, faster methods of typing IBV isolates 
that are not based upon serotyping do not always give a 
conclusive result. A weakness of these methods is that 
they are only able to identify previously characterized 
serotypes. Also, we have found that the correlation 
between results obtained by different methods is not 
always 100%. These methods include immunoblotting, 
typing with serotype specific monoclonal antibodies, 
reverse transcription polymerase chain reaction (RT-
PCR) and restriction fragment length polymorphism 
(RFLP), and RT-PCR and direct automated cycle 
sequencing (DACS). 

Serotype specific antisera to eight Californian IBV 
isolates were prepared in chickens using the method 
described by Gelb et al. (1). Each antiserum and each 

isolate were titrated so that a standardized virus 
neutralization assay could be performed consisting of 
102-103 EID50 of virus and 10-20 neutralizing units of 
antiserum. Each antiserum was reacted with each of the 
IBV isolates. For each test, 5 embryonating chicken 
eggs were inoculated with the virus-serum mixtures, 
results were scored as positive or negative based on an 
indirect inmunofluorescence test using a monoclonal 
antibody cocktail to group IBV antigens on frozen 
sections of chorioallantoic membranes from the 
inoculated eggs.  

Little cross-neutralizing activity was detected 
among the eight IBV isolates investigated. Two of the 
antisera neutralized viruses of the Arkansas, 
Connecticut and Massachusetts serotypes, one 
antiserum neutralized viruses of the Arkansas and 
Connecticut serotypes, and two antisera neutralized 
virus of the Cal var. serotype. These serotyping results 
will be further discussed and related to results obtained 
by other methods of virus “typing”. 
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INTRODUCTION 
 

Infectious Bronchitis  (IB) is an acute, highly 
contagious viral respiratory disease, characterized by  
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tracheal rales, coughing and sneezing.  Besides, this 
malady may affect the urogenital tract of chickens.  In 
laying flocks there is usually a drop in egg production 
and egg quality.  Mortality may occur in young 
chickens due to respiratory or kidney manifestations of 
the infection. 

The causative microorganism is a coronavirus 
member of the family Coronaviridae.  The disease is 
quite common throughout the poultry industries 
worldwide where Gallus gallus domesticus is produced 
commercially.  Mixed infections involving IB virus 
(IBV) with Newcastle disease, Avian Influenza and 
Laryngotracheitis viruses, in addition with 
Mycoplasma and Eschericha coli, are common and 
may confuse the diagnosis. 

Many serotypes of IB viruses have been 
recognized, since the disease was first reported in 1931 
(1) and have practical significance in the control and 
prevention of IB, because immunity following 
infection or vaccination with one serotype often is not 
protective against infections with unrelated serotypes. 

The most often isolated IB serotypes in 
commercial poultry have been Massachusetts, 
Connecticut, Georgia, Arkansas, Delaware 
(DE/072/92), California, UK/7/93=4/91, etc. 
 

NEW IBV VARIANT SEROTYPES AND 
SUBTYPES 

 
IB viruses are well known because the presence of 

various antigenic types.  Although antigenic variation 
of IBV has been recognized for years, it is only within 
recent years that the scientific community has had the 
capability to indeed appreciate the genetic diversity of 
the virus. 

IBV is uniquely suited to undergo mutation during 
its replication/life cycle.  Replication of the virus RNA 
genome is error-prone and the resulting mutations may 
alter important antigenic components of the virus and 
result in new variants.  The major target for mutation is 
the spike (S) envelope protein gene that the virus uses 
to attach to the host cell.  Mutations especially in S1, 
result in antigenic changes and the emergence of 
variant serotypes as well as subtypes of recognized 
serotypes.  Furthermore, S protein gene is able to 
tolerate numerous mutations without compromising the 
virus ability to replicate and cause disease. 

Newly mutated variant serotypes are subject to 
immunological selection, so that, only the most 
antigenically novel variants persist in a poultry 
population.  A new variant that is not antigenically 
novel, e.g. one similar to a vaccine strain used on a 
farm, will not persist in the flock because the vaccine 
induced immunity will eliminate it from the 
population.  Conversely, newly mutated variants that 
are antigenically distinct from vaccine strains will, in 

essence, have a far greater potential to escape vaccine – 
induced immunity, persist and potentially cause 
disease. 

It is not a coincidence then, that new variant 
serotypes arise in commercial layers, breeders or 
broilers raised on farms with multiple-age flocks.  
These farms provide the adequate condition which 
favor the emergence of new mutant IBV variants.  
Layer and broiler flocks of different ages frequently 
numbering millions of birds, are housed in close 
proximity.  Periodic introduction of new pullets and 
baby broiler chicks, and the continual reinfection favor 
the recycling of IBV, resulting in a greater opportunity 
and spread than occurs on farms using a single age, “all 
in – all out” management system.  Novel IBV variants 
build up in the poultry house environment, despite the 
cleaning, disinfection and biosecurity actions 
Importantly, vaccine immunological mechanisms 
provide a major selective pressure for the most 
antigenically novel variants since new variants are 
continually arising. Gelb et al.,  (2)  
 

EMERGENCE OF INFECTIOUS BRONCHITIS 
VIRUS VARIANTS IN MEXICO 

 
During the last four winters and very particularly 

during the cold season of 1999- 2000, in Central and 
Western Mexico, it was observed with increasing 
frequency and severity the presence of respiratory 
problems with high mortalities in broiler flocks. 

Clinically, the birds have a good performance up 
to four weeks of age, with mortality according to the 
normal parameters.  However, at 28 days of age, 
broilers start presenting respiratory symptoms.  One 
week later this condition gets worse, in such a manner 
that by 42 days of age mortality can reach one percent 
per day, or more.  When flocks are sent to the slaughter 
house mortality levels can be higher than 20% to 35%. 
 

POST-MORTEM EXAM 
 

The typical gross lesions observed during necropsy 
work are:  Conjunctivitis, catarrhal rhinitis, congestive-
hemorrhagic tracheitis, caseous airsacculitis, 
pneumonitis with pulmonar hepatization, pericarditis, 
perihepatitis and yellow caseous peritonitis.  In some 
cases, a caseous plug may be found in the lower 
trachea or primary bronchi. 

In 1996, Escorcia and coll., reported the isolation 
from 5 week old broilers of a different agent after 4 
blind passages in SPF chicken embryos.  When it was 
further passaged they found the particular formation of 
a serous bursa full of urates next to the yolk sac (3).  
This isolate was identified a year later by RT-PCR/ 
RFLP by M. Jackwood at the University of Georgia 
and named UNAM-97, (4).  In 1998 a second virus was 



 
 

 100 

isolated after 28 blind passages in SPF embryonated 
eggs.  This isolate was named BL-56 and is capable to 
produce respiratory and renal lesions.  Both agents 
have been officially recognized by the Mexican 
veterinary authorities. 
 

IDENTIFICATION OF IBV MEXICAN 
VARIANTS 

 
Gelb and coll., received 17 IBV isolates from 

commercial chickens in Central Mexico for 
identification during late fall 1999 and early spring 
2000.  The isolates were from broiler flocks vaccinated 
for IB using live Mass and Conn strains at one day of 
age and again at 9-14 days of age.  They were 
identified by “Direct Automated Cycle Sequencing”, 

(DACS) for identifying new, previously unrecognized 
variant strains of IBV (5).  The procedure uses 
universal PCR primers, CK4 and CK2, to amplify a 
diagnostically relevant portion of the S1 gene of an 
IBV variant.  Then the amplified S-1 gene product of 
the unknown variant was sequence by direct automated 
cycle sequencing, analyzed and compared to S1 
sequences for previously recognized field serotypes. 

Two different strains of IBV were identified.  One 
strain MX/1765/99, the most common, represented 
82% (14/17) of the isolates tested. This virus clearly 
represents a new strain and is unrelated to other known 
serotypes of the virus.  The second strain MX/7483/98 
was less common and represented 18% (3/17) of the 
isolates tested. 

 
 
 
 
 
 
 
 
 
 
 
 
 
      
   
 

Infectious Bronchitis virus dendogram depicting S-1 protein similarities (Gelb, 2000)  
 

Due to the heavy economical losses reported by 
the broiler producers, we prepared an experimental oil 
emulsified inactivated vaccine was prepared containing 
the IBV variant strains, and was given to broiler flocks 
according to the following vaccination program: 
   1 day of age Marek disease  (HVT) 
   6 days of age Infectious Bursal Disease, (Lukert 

strain), Modified Live Virus by drinking water 
10 days of age Newcastle + Avian Influenza + 

Infectious Bronchitis, variant, killed oil vaccines, 

0.5 ml, S/Q in the back of the neck and 
Newcastle disease, (LaSota strain), Modified 
Live virus by eyedrop 

14 days of age Infectious Bursal Disease, 
(Lukert strain), Modified Live Virus by 
drinking water 

28 days of age NewcastleDisease (LaSota 
strain), Modified Live Virus by drinking 
water.

Figure 1. Mortality of experimental IBV variant killed virus. 
Vaccinated birds (Flock A). 
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52,000 birds; total mortality:  7.95%; slaughter age:  54.6 days; 
body weight:  2.380 kg; feed conversion rate :  2.0  

Figure 2. Mortality of experimental IB variant killed vaccine. Non-
vaccinated birds (Flock B). 
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55,000 birds; total mortality:  23.41 %; slaughter age:  50.8 days; 
body weight:  2.275 k.; feed conversion rate:  2.3 
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DISCUSSION 
 

Up to now the only option in this country, to 
prevent and control the IBV Mexican variant strains, is 
the use of inactivated oil vaccines prepared with the 
mentioned viruses.  The development of an attenuated 
live vaccine is to risky due to the possibility of 
introducing new and different variant subtypes into the 
already over heated population of field and vaccinal IB 
viruses in the farms.  On the other hand, officially, the 
only IBV vaccine strains recognized and registered in 
Mexico are Massachusetts and Connecticut serotypes. 

Recommendations. The strategy and actions to be 
taken are the following: 

1. Establish a differential diagnosis of the 
clinical condition and rule-out other causes 
other than Infectious Bronchitis such as Avian 
Influenza, Newcastle, Laryngotracheitis, etc.  
If an IB outbreak is confirmed by the isolation 
of an IB isolate proceed to carry on with the 
serology, virology and molecular biology 
identification of the virus. 

2. Provide, a priori a solid early immunity of 
respiratory tract, by vaccinating with modified 
live vaccines prepared with Mass and Conn 
serotypes, in order to prevent challenges by 
the dominant native IB viruses. 

3. Build a high immune wall of circulating 
antibodies by 28 or 30 days of age, 
vaccinating between 8 to 10 days, or even at 
one day of age with an inactivated oil vaccine 
prepared with the IBV variants. 

4. Investigate in the short term, the option of an 
integral prevention and control of this 
condition by vaccinating the broiler breeders 
at 18 and 40 weeks of age with an oil 
polyvalent inactivated vaccine 
(ND+IB+IBD+Reo), that in the IB fraction 
contains M41 and IBV variants antigens, in 
order, to transfer maternal antibodies to the 
progeny. 

5. Reduce predisposing stress factors, such as 
over crowding (12-18 chickens per square 
meter) by handling only 9 to 10 birds per 
square meter. Diminish and unload density by 
slaughtering heavy birds at 42 days of age. 

6. Improve good producing farm practices: 
cleanness, disinfection, real and effective 
biosecurity, two weeks resting period for the 

farm facilities before receiving new flock, 
good ventilation (Reduce CO, CO2, ammonia, 
dust levels).  Avoid wide internal house 
temperatures variations during a 24 hours 
period, e.g. 7 to 26°C. The key issues are: 
provide adequate internal temperatures 
without huge variations and excellent 
ventilation, which are critical during 
wintertime. 

7. We all know that vaccines by themselves 
cannot be the only integral solution. 

 
CONCLUSION 

 
The experimental IBV variant oil emulsified 

vaccine conferred a satisfactory protection when given 
subcutaneously in 10 day old broilers, by reducing 
mortality under field conditions at the beginning of the 
current high challenge season. Further field studies 
must be carried out, in order to have the final 
assessment of this vaccine through the present winter.  
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INTRODUCTION 

 
Avian Infectious Bronchitis (IB) is an economic 

important, highly contagious disease for poultry 
industry (6). The disease was reported first on 1931 
(14), thereafter in 1937 the etiological agent, the 
infectious bronchitis virus (IBV), was isolated (2). The 
pathogen virus is the prototype genus of the 
Coronaviridae family, now located in the taxa  
Nidovirales order (13).  

Five structural proteins, the S1 and S2 
glycoproteins, which form the peplomer (S) projection, 
seen at the surface of the virion; the membrane (M), the 
small membrane (sM) glycoproteins and the 
nucleocapsid (N) protein are responsibles of the 
antibody induce response in chickens, following the 
first contact with the virus (5). 

Virus neutralizing epitopes have been identified on 
the S1 glycoprotein at the N-terminal which also is 
responsible for viral attachment.  Serotyping 
differences in IBV are associated with changes in the 
sequence of the S glycoprotein (11). 

In the literature have been reported the molecular 
basis of IBV antigenic heterogeneity due to point 
mutation in the virus genome focused on S1 subunit 
protein. Cavanagh et al (3) reported differences from 2 
to 3% in four different strains accounted for extreme 
antigenic differences among them. Meanwhile, Adzhar 
et al (1) reported differences between 21 to 25 % 
between 793/B with respect to other 17 strains 
analyzed, those variations resulted in antigenic 
variation too. 

Numerous IBV strains have been isolated from 
vaccinated flocks in many countries where 
predominantly the Massachusetts strains have been 
used for vaccination. (6)  

The antigenic variation observed in different 
strains of IBV clearly accounts for lack protection 
induced by vaccination with standard strains. (7) 

Mexico background. The disease and the 
isolation of the virus were first reported in Mexico by 
Moreno-Chan in 1962 (11).  Lucio-Martinez in 1969 
(10) recognizes the presence in Mexico of 
Massachusetts and Connecticut strains by 
imunofluorescence studies. Poultry Department of the 
Faculty of Veterinary Medicine, belonging to the 
National Autonomous University of Mexico (UNAM) 
reported from 2 to 9% of virology diagnosis cases, 

worked there from 1963 to 1996, corresponded to IBV 
(14). 

Epidemiological studies done in 1993 shown that 
IB is country wide spread. Ministry of Agriculture in 
Mexico, based on this information, authorized the use 
of live vaccines prepared with Mass and Conn strains 
to support the control.  

Disease processes observed. Generally in 
Mexico, the infectious process has been described in 
young chickens as respiratory distress, with low 
mortality; but associated to other complicate infectious 
agents could be severe with high mortality rates. In egg 
layers can also be detected by an increase in the 
antibody titers with and without reduction of egg 
production. Frequently, due to, no laboratory follow 
cases are considered as bacterial processes. Clinical 
evidences have been described with high morbidity 
after one week of the episode. (14). 

Evidences of variants presence in Mexico. In 
Mexico different reports were done in the past by 
practitioners, where the main subject was IB problems 
in the field due to lack of protection conferred by 
vaccines produced. 

Diagnostic laboratories encourage the necessity to 
improve diagnostic tools for accurately service. 
Serotyping IBV isolates by virus neutralization (VN) 
and ELISA for serology were established as well the 
use of monoclonal antibodies provided by Dr. Naqui 
for serotyping of isolates were also conducted. 

Arkansas virus was reported by Quiroz et al, in 
1993 (12) using indirect immunofluorescence with 
monoclonal antibodies. Serological evidence for 793/B 
strain was done by Cook et al in 1996, probably due to 
cross reaction, since no isolation of this strain has been 
reported. 

Different isolates collected from various regions in 
Mexico could not be identified by this procedures. 
Available molecular characterization studies for these 
isolates were done at University of Georgia and 
University of Delaware. Results of those molecular 
typing studies have been presented in Mexico 
conferences where the information is that two different 
groups of genotypic variants, no reported elsewhere, 
were identified. One of them denominated BL-56 
genotypic group variant and the other one UNAM-97 
genotypic group variant (7, 8).  

According with the available information samples 
were inactivated with phenol and shipped to the 
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Universities under US veterinary permit. The sequence 
alignment between Delaware 072 to UNAM-97 shows 
65% degree of S1 protein sequence similarity, these do 
not represent that UNAM-97 and Delaware 072 would 
be the same strain. BL56 shows 82% of S1 protein 
similarity to JMK However, the 18% difference seem 
to be enough to be considered different strain (7).  

No Delaware 072 nor JMK were identified in the 
samples submitted for molecular typing up present. 
Other studies reveal that UNAM-97 genotypic group 
variant seems to be more distributed than BL-56. 
However, It is necessary to conduct a more scientific 
epidemiological study to achieve an accurately 
information. Moreover, in one molecular typing study 
was detected the possible existence of other two 
variants that may account to establish further studies 
for IBV evolution to cause emerging diseases and 
spread. 

Macroscopic lesions. BL-56 and UNAM-97 
genotypic group variants do not show pathogenic 
differences in experimentally infected chickens to 
those observed with other IB cases. Mildly respiratory 
symptoms were observed associated with sneezing and 
nasal discharge, feed and water consumption is 
decreased, Post-mortem observation shown serous 
exudates in trachea and opalescence in air sacs. 
Desqumation of respiratory epithelium and 
mononuclear cell infiltration in trachea were observed 
on microscopic. Blind passages are necessary for virus 
isolation before any lesions in the embryo can be 
detected. Uric acids crystals were observed (9). 

Recently the Ministry of Agriculture in Mexico 
officially declared the existence of the BL-56 and 
UNAM-97 variants and allowed the production of 
inactivated vaccines to be licensed. Advances on the 
epidemiological survey if available will be presented. 
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Infectious bronchitis virus (IBV) continues to be a 
challenge and threat to the poultry industry despite 
numerous and intensive efforts to protect chickens 
from infection.  Since current IBV vaccination 
strategies provide no solid assurance against infection 
and disease, the objective of this research project was 
to evaluate a new vaccination strategy for broilers.  
Typically commercial broilers receive two IBV 
vaccinations, one at hatch and one at 14-18 days of 
age.  In this experiment, one group received additional 
vaccinations, one at 21 days and one at 28 days of age, 
and in effect, were hyperimmunized. This multiple IBV 
vaccination (MIBV) group was compared to a sham-
vaccinated control and typical IBV vaccination (TIBV) 
group.  The study was concluded at 42 days.  
Vaccinations were applied by coarse spray using the 
Connecticut strain of IBV.  Groups of 10 birds in each 
experimental group were challenged with a cell culture 
adapted Arkansas IBV strain at 31 days of age (3 days 

post-vaccination) and a subsequent group at 38 days of 
age (10 days post-vaccination).  Virus isolation was 
used to determine the protective effects of the MIBV 
schedule versus the TIBV schedule.  Mortality, 
differences in body weight, clinical signs and necropsy 
lesions were also used to evaluate the efficacy of IBV 
hyperimmunization. No differences were observed 
among the groups.  However, there were differences in 
virus isolation rates among the experimental groups.  
Virus isolation for the control, SIV, and MIV groups 
were 60%, 20%, and 0% respectively for the first 
challenge and 60%, 0%, and 0% respectively for the 
second challenge.  Results of this experiment suggest 
there is merit to this novel vaccination strategy, such 
that improved protection may be afforded against IBV 
by hyperimmunization.   
 
(These findings will be submitted for publication in 
Avian Diseases) 
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Infectious bronchitis (IB) is a disease caused by a 
virus with ribonucleic acid (RNA) genome that belongs 
to the order Nidovirales (13) family Coronaviridae, 
genus Coronavirus. It is a highly transmissible virus. 
Morbidity can reach up to 100% in only 36 hours. 
Infectious bronchitis virus (IBV) causes basically three 
pathologic entities. In young birds, a respiratory infection 
results, often complicated with secondary bacterial 
infections. In adult hens IBV causes drops in egg 
production, and internal and external egg quality. Finally, 
IBV causes renal damage in both young and adult birds 
(3). A characteristic of IBV is that frequent errors occur 
while genetic information is being copied, resulting in 
antigenic and pathogenic variations (9). In the face of an 
outbreak, and given that different serotypes of the virus  

do not cross protect, accurate serotype identification is 
essential in order to prevent future outbreaks (2). 

The advent of molecular biology techniques such as 
reverse transcriptase-polymerase chain reaction/ 
restriction fragment length polymorphism (RT-
PCR/RFLP) has resulted in new opportunities for the 
rapid diagnosis and identification of IBV serotypes  
(6,10). 

For many years, poultry producers have used 
biosecurity and vaccination for the prevention of IB. 
During the last decade the presence of the disease in IB-
vaccinated flocks has been reported with increasing 
frequency in different parts of the world (4, 8, 11).  

In Mexico, IBV it is one of the most important 
respiratory diseases; however, only the Massachusetts 
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(Mass) and Connecticut (Conn) vaccine strains are 
officially authorized. Despite the use of these IBV 
vaccines, it is common to find IB problems in vaccinated 
chickens, causing a tremendous economic impact. This 
gives a strong indication that IBV variant strains 
antigenically different from Mass and Conn may be 
present in Mexico. The purpose of this research was to 
determine if IBV variant strains are present in Mexico. 
 

MATERIALS AND METHODS 
 

Clinical Samples. A total of ten farms with 
respiratory problems from the same broiler company 
were evaluated.  Six farms from the State of Queretaro, 
and four farms from the State of Guanajuato.  These two 
States are adjacent to each other.  In these farms, five-to-
seven-week-old broiler flocks, vaccinated with Mass and 
Conn strains of IBV at 8 days in drinking water were 
selected for virus isolation. Farm veterinarians reported 
that these birds had recently shown clinical signs 
consistent with IB. Trachea, lung, kidney and cecal tonsil 
samples were obtained from 8 to 10 birds from each of 
the flocks. 

Virus isolation in chicken embryos. According to 
the technique described previously (7). 

Virus titration and neutralization. Virus titration 
was performed on the isolates that caused lesions in 
chicken embryos. The neutralizing titer was calculated by 
the Reed and Muench method (1,14). The VN test (7) 
was conducted using monoclonal antibodies against Mass 
and Conn strains (monoclonal antibodies were kindly 
supplied by S.A. Naqi, Unit of Avian Medicine, 
Department of Microbiology and Immunology, College 
of Veterinary Medicine, Cornell University, Ithaca, New 
York, 14853, USA.) (1). 
 

RT-PCR/RFLP 
 

The inactivated IBV samples were submitted to 
the University of Georgia under the authorization of 
the Mexican Secretariat of Agriculture and Rural 
Development (Secretaría de Agricultura y Desarrollo 
Rural, SAGDR), for RT-PCR/RFLP analysis of the S1 
gene (10,12). The RT-PCR/RFLP test was performed 
using viral RNA extracted from phenol-inactivated 
virus in allantoic fluid as previously described (10). 
 

RESULTS AND DISCUSSION 
 

Ten IBV were obtained from trachea, lung, kidney, 
and cecal tonsil of broiler chickens.  These four isolates 
were further characterized using the reverse transcriptase-
polymerase chain reaction (RT-PCR) and restriction 
fragment length polymorphism (RFLP) techniques. The 
electrophoretic patterns for the four isolates were 

identical, but were different from other known IBV 
isolates. 
  In this study we have identified a variant strain of 
IBV in Mexico.  It appears that this isolate is unique. The 
significance of this study lies in this fact that it shows for 
the first time that there are variant IBV strains in Mexico 
that may not be controlled by Mass and Conn strains.   
However, more research is needed with these isolates in 
order to determine their antigenic characteristics and their 
pathogenicity in birds. 

It is important to emphasize that the novel IBV strain 
is unrelated to the European 4/91 vaccine strain, because 
its pattern did not match any of the viruses thus far 
identified by that technique including the 4/91 strain of 
IBV (5) 

Currently it is not known how widespread is the new 
IBV variant in Mexico. Epidemiological studies are 
needed to identify the variant in other poultry producing 
areas in Mexico, as well as to look for other variant 
viruses that may be present. 
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INTRODUCTION 

     
Infectious Bronchitis (IB) is a highly contagious 

respiratory disease of chickens, causing significant 
economic losses to the poultry industry, affecting 
broilers, layers as well as breeders. It causes poor 
weight gain and feed efficiency in broilers and 
reduction of egg production and egg quality in layers 
and breeders. However, high mortality some times 
occurs in young chickens (1).  Although IB is primarily 
a respiratory disease, some strains are 
nephropathogenic (kidney involvement), and 
associated with mortality up to 30% in affected flocks 
(2). 

Although vaccines are available on outbreaks of 
the disease still occurs in vaccinated flocks; because of 
antigenic variation between serotypes and the inability 
of different IBV serotypes to cross protect. Hence the 
diagnostic and serotype identification is critical for 
development of vaccine for control of the disease. 

To date there are more than 30 recognized 
serotypes of IBV. 
 

IDENTIFICATION OF NEW VARIANT 
SEROTYPES 

 
The first report on a new IBV typing method using 

reverse transcriptase-polymerase chain reaction (RT-
PCR) and restriction enzymes was developed to 
differentiate serotypes of IBV (3). 

These tests are designed to amplify the S1 gene which 
contains serotype specific sequences. 
Two types of molecular based tests have been 
developed. 

(1) RT-PCR 
(2) RT-PCR / Restriction fragment length 

polymorphism (RFLP) 
RT-PCR  method.  Uses PCR primers specific 

for Ark, Conn, Mass, DEO72, JMK and California 
serotypes (4). 

Those primes where designed to anneal to 
hypervariable regions in the S1 gene that are unique to 
each serotype of the virus. 

In addition, a set of “general” degenerate primers 
complementary to conserved regions on the S1 gene 
are used to amplify all IBV strains. 

RT-PCR / RFLP method.  Uses a set of primer 
designed to amplify the entire S1 gene of all IBV 
strains (5). 
Then they are digested with three restriction enzymes: 
BstYI, Hae III and Xcm1 in separate reactions and the 
restriction fragments are electrophoresed on an agarose 
gel. The resulting band is unique to each serotype. This 
technique will not only distinguish between all 
currently known serotypes but will also identify 
variants. 

With all advanced technologies there are also some 
disadvantages. The major disadvantage is based on the 
ability of IBV to rapidly change by point mutations (6), 
insertions, deletions and recombination between 2 
different vaccines virus replicating in the same cell (7).  



 
 

 107 

It could affect PCR prime annealing, restriction 
enzyme digestion or both. Hence continuos 
development of new PCR primers is necessary to 
identify newer strains. 

S1 Sequence Analysis.  When new strains of IBV 
are identified, it is always helpful to obtain the 
sequence of the S1 glycoprotein gene, so that it can be 
compared to S1 sequences of other IBV serotypes. The 
data obtained by this method will reveal the relative 
closeness between the serotypes. 

Very often in farms with flocks of multiple ages, 
would provide all the conditions that would favor the 
emergence of new mutant IBV variants. Periodic 
introduction of new pullets, continual reinfection and 
recycling of IBV will favor this, as opposed to “all in – 
all out” management system. Negligence in effective 
cleaning and disinfection of farms will further add to 
all of this.  More importantly, vaccine induced 
immunological mechanisms provide a major selective 
pressure for the most antigenicaly novel variants since 
new variants are continuously appearing all over the 
world. 

Recently developed new procedure, direct 
automated cycle sequencing (DACS) is used for 
identifying previously unrecognized variant strains of 
IBV (8). The procedure uses universal PCR primes 
CK4 and CK2 to amplify a diagnostically relevant 
portion of the S1 gene of an IB variant. Thee amplified 
S1 gene product is then compared to S1 sequences of 
previously recognized serotypes. 

IB Variants in Mexico.  Seventeen IBV isolates 
from commercial broiler flocks in Mexico that were 
submitted during the last one year were by DACS of 
the S1 IBV gene. Two different strains were identified. 
One of them, was most common representing 82% 
(14/17) of the isolates tested, while the other was less 
common representing 18% (3/17). Both the Mexican 
variant strains were unique, not related to other 
common reference strains of IBV such as Mass, Conn, 
Ark, DEO72 or the 4/91. 

The purpose of this study was to evaluate the 
protection conferred with the use of experimental 
vaccine prepared containing one of this variant strain 
(predominant prevalence strain) of Infectious 
Bronchitis Virus. 

 
IB challenge experiment of broilers vaccinated with inactivated (KV) IB variant experimental vaccine 

 
Table 1. Experimental design. 

Step Age 
 

Route Comments 

Vaccination 1  day Subcutaneously Marek + IBDV + FP 
ND KV 

 7 days Drinking water IBDV  
 

 9 days Eye drop 
Subcutaneously 

ND “La Sota” + IB Mass-Conn 
ND KV 

 19 days Subcutaneously IB KV Variant 
 

Challenge 7 weeks Eye drop Using a 104.0EID50/bird,  
Homologous and 
Heterologous 
Virus Strains 
 

Tracheal swabs for 
Virus Reisolation 

7/5 
 

SPF chicken embryos Tryptose Phosphate Broth supplemented with 
antibiotics was used for virus reisolation. Embryos 
of 10-12 days of age using 0.1-0.2 ml/embryo 

 
Characteristics of the KV emulsion:  Water/oil emulsion, dose 0.5 ml / bird, inoculation route: subcutaneously, 8  
vaccinated birds were used per isolation unit. 
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Table 2. Results of IBV challenge experiment. 
Group Challenge 

virus 
Tracheal virus  reisolation Protection (%) 

IB KV. Vac. 
 

Heterologous #1 4/7 43 

Challenge control   + 

IB KV. Vac. 
 

Heterologous #2 5/6 17 

Challenge control   + 

IB KV. Vac. 
 

Homologous 0/8 100 

Challenge control   + 

 
CONCLUSIONS 

 
Experimental inactivated (KV) IB variant vaccine 

conferred 100% protection to homologous IB variant 
virus challenge, with 17% and 43% to a heterologous 
IB variant challenge strains.  Based on the above 
results the use of (KV) inactivated vaccine containing 
IB variants, together with Mass/Conn MLV as primer, 
could be used as a control strategy against IBV variants 
in Mexico. 
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SUMMARY 
 

A field-origin isolate of infectious bronchitis virus 
(IBV) with CA99 serotype was isolated in the winter of 
1999 from several broiler flocks in Northern 
California.  The virus was shown to cause late onset 
respiratory disease and increased airsacculitis 

condemnation in affected flocks, despite their 
vaccination status with established IBV vaccination 
programs.  Different commercial IBV vaccines were 
evaluated for prevention of respiratory disease 
associated with the field isolate challenge. 
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INTRODUCTION 
 

Infectious bronchitis virus (IBV) is a highly 
contagious virus in chicken flocks, which can cause 
significant disease in commercial poultry.  IBV can 
affect the general health of a flock by producing 
respiratory disease, renal disease, increased mortality, 
or production loss.  Respiratory signs include 
coughing, sneezing, tracheal rales, sinusitis, and nasal 
discharge.  IBV can also predispose the host to 
secondary respiratory infections.  The virus may also 
invade the epithelium causing urolithiasis and 
increased mortality.  Production can be affected in both 
broiler and layer chickens through decreased weight 
gain, decreased feed efficiency, increased mortality, 
increased condemnation, transient reduction of egg 
production in adult birds, oviduct damage in chicks 
causing permanent loss of egg production, and 
decreased egg quality. 

Continual mutation of the virus, results in 
formation of new serotypes that can cause disease in 
spite of standard IBV vaccination programs.  New 
isolates commonly develop from straight mutations 
from an individual virus or from recombination of 
multiple viruses (1,3).  Vaccination programs for IBV 
therefore become costly and difficult to implement due 
to the high risk of vaccination failure in the face of 
challenge with a novel virus (2).  IBV vaccines 
selected for an individual flock typically represent the 
virus isolates that are most likely to be found, given the 

geographical region and the flock characteristics 
(including flock genetics and flock use).   

In Northern California in the winter of 1999, 
several broiler chicken flocks were infected by a field-
isolate IBV called CA99.  Infected flocks suffered from 
a significant increase in late-onset respiratory disease 
and condemnation due to airsacculitis.  Vaccination 
programs used in the affected flocks were not reliably 
effective in the prevention of disease.  A study was 
designed to test two specific vaccination protocols to 
determine if either was effective in the prevention of 
respiratory disease in birds challenged with the field 
isolate.  The results of the study would be directly 
applicable to the prevention of further economic losses 
in broiler flocks in the endemic area. 
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Ornithobacterium rhinotracheale (ORT) is a 

recent recognized bacterium which is the causative 
agent of an emerging respiratory tract disease of 
chickens. Outbreaks of respiratory disease associated 
with ORT have been reported in USA, The 
Netherlands, France, Spain, Germany, Korea and South 
Africa. The clinical symptoms include lacrimation, 
nasal exudates, sinusitis, dyspnea, edema in facial 
subcutis and growth retardation. Lesions observed are 
pneumonia, tracheitis, airsacculitis, peritonitis with 
foamy exudate and arthritis.  Diagnosis of ORT 
infection is based on isolation, serology and PCR. 

In our country, Peru, ORT has recently been 
recognized associated with outbreaks of respiratory 

disease, which in most cases were diagnosed as 
infectious coryza or secondary Escherichia coli 
infection. This paper reports on studies carried out in 
Peru on use of PCR and RAPD in outbreaks of 
respiratory disease in broiler, layer hens and broiler 
breeder farms. 
  Tracheal and air sacs swabs were collected from 
birds affected with respiratory disease for culture and 
PCR for ORT.  Bacteria were grown on 5% sheep 
blood agar incubated at 37oC with 5% CO2 and their 
biochemical profile determined.  Typing of isolates 
was performed with a specific pathogen free (SPF) 
chicken serum against ORT serotype A in agar gel 
precipitation and an immunoperoxidase assay.  ORT 
cells were suspended in STE buffer containing 
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proteinase K and SDS for DNA extraction.  For PCR, 
primers OR16S-F1 –GAG AAT TAA TTT ACG GAT 
TAA G- and OR16S-R1 – TTC GCT TGG TCT CCG 
AAG AT were used. A reaction volume of 50 ul 
contained 5 ul of 10X PCR buffer, 3 ul of 25 mM 
MgCl2, 0.5 ul of each dinucleoside triphosphate, 0.5 U 
of Taq, 52 pmol of each primer and 2 ul of template 
DNA. Samples were subjected to an initial 
denaturation step at 94oC for 5 min, followed by 45 
cycles at 94oC for 30 sec, 52o C for 1 min, and 72oC for 
1 min 30 sec, with a final cycle at 72oC for 7 min.  
PCR was also applied to clinical samples of tracheal 
swabs from broiler breeders with respiratory disease. 

RAPD analyses was performed using a ERIC 1 
primer (ATG TAA GCT CCT GGG GAT TCA C ) 
with all the isolates. Volume reaction was as above, 0.5 
Taq, 154 pmol of primer, with adenaturation step of 
94oC for 4 min, 35 cycles at 94oC for 1 min, 52oC for 1 
min 30 sec, 72oC for 1 min 30 sec, and a final step at 
72oC for 10 min. PCR products were examined in 1% 

agarose gels with 1 x TAE buffer, stained with 10 ul of 
ethidium bromide and exposed to ultraviolet light and 
photographed using Polaroid film. 

All of 25 ORT isolates belonged to serotype A and 
were positive in the ORT-PCR, with all positive PCR 
amplicons being the predicted size of 784 bp.  The 
PCR also produced a 784 bp amplicon with the clinical 
samples and failed to detect DNA of isolates of H. 
paragallinarum and P. multocida.  Variations were 
observed among the ORT isolates in the RAPD –PCR 
fingerprinting, showing that this technique is capable to 
recognize differences intraspecies. 

The ORT-PCR in this study is recommended as a 
rapid, sensitive and specific assay to diagnosis 
respiratory disease caused by ORT and differentiate 
from infectious coryza and avian cholera, and the 
RAPD-PCR for monitoring ORT outbreaks. 
 
(Accepted for publication in Avian Diseases) 
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An epidemic of mycoplasmosis caused by 
Mycoplasma gallisepticum (MG) occurred in North 
Carolina broiler and turkey breeders in the fall of 1999.  
This was followed by several cases in chicken and 
turkey grow-outs (vertical transmission in broilers and 
horizontal transmission in turkeys). Twenty-three 
broiler farms in Western North Carolina were 
quarantined because progeny of infected broiler 
breeder flocks from the East was placed in the field. 
However, to date, the majority of cases have occurred 
in the Eastern part of the state. The highest number of 
cases was recorded in December, followed by the 
lowest number in January. This was likely due to 
limited testing during this first month of the year 
because of a major snowstorm that prevented access to 
farms for several days. Of 76 cases in the East, 35 were 
commercial turkey flocks, 17 were broiler breeders, 
another 17 were broilers, and 7 were turkey breeders. 
At least four different strains of MG have been 
identified by DNA fingerprinting. The most prevalent 
(Strain B) was first discovered in broiler breeders in 
mid production.  
      Since March, the vast majority of confirmed MG 
cases have been commercial turkey flocks. Typically, 
infected turkey flocks first showed upper respiratory 

signs before testing could confirm the presence of MG. 
On average, flocks were 13 weeks of age at onset of 
disease (median=12 weeks). The youngest turkey 
flocks showing clinical signs were 6 weeks old and the 
oldest were 19 weeks of age. Some flocks showed 
signs consistent with MG a few days before processing 
(normally at 20 weeks), but these cases could not be 
confirmed by serology or isolation.  

A case-control study is ongoing.  Control farms 
(MG negative) are matched with MG-positive farms 
based on location, type of production, and age of the 
flock at the time the MG flocks were found positive. 
Preliminary results indicate that relationships among 
farm workers and biosecurity issues are at the core of 
this epidemic. Risk factors found to be statistically 
associated with the disease are 1) farm density (number 
of farms per square mile); 2) not requiring coveralls 
from visitors; 3) not requiring plastic or rubber boots 
from visitors; and 4) having a direct relationship with 
MG-positive farms (i.e., helping growers of MG farm 
then returning to visit own birds without changing 
clothing or boots; borrowing equipment from MG-
positive farms; sharing dead bird disposal facilities). 

Although the investigation is still ongoing, current 
evidence suggests that inadequate MG monitoring 
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(interval between testing and delays in obtaining 
results) in 1999 and people movement coupled with the 
lack of biosecurity on several farms have greatly 
contributed to this epidemic. 

 
(The results of this investigation will be submitted for 
publication in Avian Diseases) 
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Recent advances in DNA-based diagnosis (PCR) 
and molecular typing by Random Amplification of 
Polymorphic DNA (RAPD) have greatly advanced our 
ability to study epidemiology of Mycoplasma 
gallisepticum (MG) infection. We applied these 
methods to study a possible association between MG-
associated respiratory infection in fattening geese and 
MG infection in broiler-breeder flocks. 

Numerous mycoplasma species may be present in 
geese, some of which are apparently unique to water 
fowl whereas others are recognized also in chickens 
and turkeys. MG has been occasionally reported in 
geese, although not in Israel. In particular, care must be 
taken to differentiate between MG and the closely 
related M. imitans, frequently found in geese (1).  

Recently MG was diagnosed in three separate 
outbreaks of clinically severe respiratory disease in 
geese. Diagnosis of MG was by PCR and isolation 
from tracheal swabs and/or air sac lesions. 
Differentiation of MG from M. imitans was by PCR-
RFLP (2), directly from clinical samples or by analysis 
of isolates.  

Molecular typing of MG isolates from geese by 
RAPD indicated a clear association with outbreaks in 

poultry breeder flocks. Two different RAPD types 
were present in separate outbreaks in the goose flocks, 
each of which was identical with RAPD types of turkey 
and chicken MG isolates. In one case, the RAPD type 
of MG isolates from the diseased geese and from a 
broiler-breeder flock nearby were identical. 
Circumstantial evidence points to the possibility that 
geese may in some cases serve as a  “missing link” 
between broiler-breeder MG outbreaks. 
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High mortality and severe respiratory signs in a 

tom turkey flock in eastern North Carolina were 
investigated.  The farm was divided into two sections 

with different designs, 800 feet apart. Section A 
contained 4 houses. Each house in this section was 
divided into brooder and grower sections by a wooden 
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wall.  Section B of the farm contained 2 brooder barns 
and 4 grower barns separate from each other.  Birds 
were 5 weeks of age when they developed clinical 
signs.  An older flock on the farm had similar signs that 
developed just after this flock was placed onto the 
farm.  Turkeys in section B had swollen sinuses with 
up to 3 % daily mortality in the most affected house. 
There was no response to antibiotic treatment.  Severe 
extensive polyserositis was found at necropsy.  Clinical 
signs and mortality were much less severe in section A.  
Newcastle disease virus (NDV) was isolated from 
tracheal swabs taken from birds in both sections.  
Attempts to isolate Mycoplasma gallisepticum (Mg) 
from the birds in section B were unsuccessful at 5 
weeks of age, however PCR tests for Mg were positive 
(birds in section A were not tested).  Serological tests 
for Mg, Bordetella avium, and NDV were also done. 
Only antibodies to NDV were demonstrated.  Tracheal 
swabs were also taken from birds in both sections at 10 
and 15 weeks of age for PCR tests and isolation of Mg 

was attempted at 15 weeks.   Mg was isolated and PCR 
results were positive for birds in section B; birds in 
section A remained negative.  At 15 weeks of age, 
serological tests (rapid serum plate agglutination test 
and hemagglutination-inhibition test) revealed positive 
Mg reactions for birds in both A and B sections.  
However, compared to section A, serums from turkeys 
in section B had more positives on both tests.  In 
conclusion, we believe the high mortality rate and 
severe clinical signs that continued through 15 weeks 
of age in section B of the farm was due to concurrent 
infection with ND virus and Mg.  In contrast, the 
milder respiratory signs and lower mortality rate in 
section A most likely resulted from Mg infection that 
occurred after the acute stage of ND infection at 4-5 
weeks of age. 
 
(Paper will be submitted for publication in Avian 
Diseases)
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MYCOPLASMAS IN COMMERCIAL POULTRY 
 

There appears to have been a resurgence of certain 
mycoplasma infections in European poultry over recent 
years.  Although the primary breeders remain 
mycoplasma-free, Mycoplasma gallisepticum  (Mg) 
infection occurs from time to time in commercial 
breeders and it is also reported to be increasing in 
layers on continuous production sites, causing egg 
production losses.  Some European countries use Mg 
bacterin vaccines to alleviate losses in layers and live 
vaccines are currently undergoing trials in some.  So 
far no mycoplasma vaccines are licenced for use in the 
United Kingdom.  

Control measures for Mg in chickens and turkeys 
and for M. meleagridis in turkeys were included in the 
1990 European Union Directive (90/539/EEC) 
governing intra-Community trade in poultry and 
hatching eggs and imports from third countries.  
However M. synoviae  (Ms) was not included in this 
Directive and, possibly as a consequence, its 
prevalence appears to be increasing throughout Europe.  
It is especially common in table egg layers where there 
appears to be little incentive to control it.  Some 
producers claim that it has no effect on health and 
productivity while others treat potentially infected 
flocks with tetracyclines.  However there is also 

concern in some countries that Ms strains may have 
increased in virulence. 

In our laboratory a study is underway to establish 
the national prevalence of Ms in layers using ELISA to 
detect antibodies in yolk.  This large scale survey will 
be followed by a comparison of cohorts of positive and 
negative flocks to determine if Ms infection is causing 
any significant economic loss.  A serological survey 
carried out recently in Brittany in France revealed that 
many layer flocks were infected with Ms and might 
provide a reservoir of infection for transmission to 
other poultry (Kempf, personal communication). 

Unexplained Ms “breaks” also occur in 
commercial broiler-breeder flocks and in turkey 
breeders despite the fact that they are kept under 
conditions of strict biosecurity.  A case-control study is 
underway to investigate the possible causes of such 
breaks in UK breeders.  Each case farm is matched 
with three control farms and their mycoplasma status is 
confirmed by serology, culture and PCR examination 
on samples from 60 birds per flock.  An extensive 
questionnaire, which covers all the current hypotheses 
with regard to spread of mycoplasmas, is completed 
with the appropriate farm manager.  Multivariate 
analysis should then reveal the main risk factors 
involved in such breaks. 
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MYCOPLASMAS IN BRITISH GAME BIRDS 
 

It has been suggested that game birds may be 
involved in transmission of mycoplasmas to some 
commercial poultry flocks.  The pheasant (Phasianus 
colchicus) and the red-legged partridge (Alectoris rufa) 
populations have recently increased dramatically in the 
UK and incidents of upper respiratory disease, which 
are often attributed to mycoplasmas, are not 
uncommon in these birds.  The clinical signs consist 
mainly of conjunctivitis and sinusitis and are seen in 
both species.  Occasionally there is also involvement of 
the lower respiratory tract.  The morbidity is high and 
affected birds lose condition although mortality is 
variable and may be influenced by other infections.  
Diagnosis of mycoplasmosis is usually carried out by 
the rapid serum agglutination test, and a survey 
amongst UK practitioners revealed that many affected 
birds were testing positive for Ms. We therefore 
investigated the mycoplasma status of sixty two 
incidents of respiratory disease in pheasants and 12 in 
red-legged partridges.  Conventional cultural methods 
were used and all isolates were typed by 
immunofluorescence.  In addition, commercial PCR 
kits were used to detect Mg and Ms (IDEXX 
Laboratories, Maine, USA).   

Mg was detected in 31% of incidents of respiratory 
disease in pheasants and in 67% of incidents in 
partridges.  It was more readily detected by PCR than 
by culture.  Mycoplasmas that were frequently isolated 
were M. glycophilum, M. pullorum, M. gallinaceum 
and M. iners.  Ms was not cultured from any sample 
during this survey and only one of 120 diseased game 
birds examined was PCR positive for Ms.   

Thus the investigation suggested that Mg, but not 
Ms, might be involved in much of the respiratory 
disease seen in UK game birds.  Furthermore the role 
of Mg as a primary pathogen in respiratory disease has 
been demonstrated experimentally in the chukar 
partridge (Alectoris graeca) in the US (6) and in the 
red-legged partridge in the UK (3).   

Although this survey of respiratory disease failed 
to incriminate game birds as carriers of Ms it is still 
possible that they could act as transient hosts for this 
mycoplasma and it is worth noting that we have 
isolated Ms from the tracheas of normal pheasants 
which were captured close to an infected broiler-
breeder farm (2). 
 

MYCOPLASMAS IN BRITISH WILD BIRDS 
 

In a separate study we have examined UK wild 
birds for evidence of mycoplasma infection (1), 
bearing in mind the large scale epidemic of Mg that has 
occurred in the American house finches in the Eastern 
US and in Canada (5). Three groups of wild birds were 

examined for mycoplasmas as described above for the 
game birds.  The first group were random casualties 
collected in Scotland and consisted of 43 birds 
representing 14 species.  The group included 22 
finches. Mg was detected by PCR in two crows 
(Corvus corvus corone) and one rook (Corvus 
frugilegus) but in none of the other birds.   

The second group consisted of 53 corvids and nine 
feral pigeons, which were shot on a game estate that 
had a persistent Mg problem.  Some of the corvids had 
been shot whilst feeding on maize put down for the 
pheasants.  In this batch 50% of rooks and 38% of 
crows were Mg positive by PCR.  Another corvid, the 
jackdaw (Corvus monedula) also proved to be PCR 
positive for Mg in three of 23 birds examined, but the 
pigeons were all negative.  A different Mg PCR (4) 
was used to confirm the results in several positive and 
negative samples and all were reproducible.  Mg was 
not isolated but this may have been due to the presence 
of other faster-growing mycoplasmas.  M. columborale 
was the most commonly isolated mycoplasma species.   

The third group of wild birds examined was a 
miscellaneous collection of 60 corvids and songbirds 
collected from three geographically distinct areas in 
England.  In this group Mg was again detected by PCR 
but only in three of 16 corvids from the eastern part of 
the country where game birds are common.   

Thus, although Mg was not isolated from any of 
the wild birds, there is good PCR evidence that British 
corvids are susceptible to infection with this organism.  
As with the game birds, there was no evidence of Ms in 
any of these wild birds.  Further studies, including 
molecular epidemiology, are now needed to establish 
the true role of Mg and Ms in game and wild birds.   
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HISTORY 

 
Newcastle disease (ND) was first seen in Mexico 

in 1945. Four epidemics or major outbreaks occurred 
during the 20th century affecting the country:  the first 
one occurred from 1945 to 1948; the second from 1951 
to 1953; the third from 1971 to 1972; and the last one 
from 1984 to 1985. Velogenic viscerotropic strains of 
Newcastle disease virus (vvNDV) have been isolated in 
all epidemics. The most relevant strains isolated in the 
past were named Chimalhuacan, Iztapalapa and 
Queretaro. 
 

THE OUTBREAK 
 

Mexico produces around 2.7 million broilers per 
day with and average live weight of 2.5 kg (5.5 
pounds) and 85 million eggs per day. The area called 
La Laguna produces 12% of the national broiler 
production (324,000 broilers per day) and 7% of the 
national eggs production (6 million eggs per day).  La 
Laguna is located in the north central part of Mexico, 
between the states of Coahuila and Durango. The area 
has a total of 271 houses: 170 houses for broilers and 
the rest for layers and breeders. vvNDV in La Laguna 
was not isolated since 1995. The area was considered 
free of NDV on March 1996. 

The first report of high mortality in commercial 
farms during 2000 occurred on March 24. A vvNDV 
was isolated from a 50,000 broiler farm on March 28. 
Mortality reached 60% on this farm. Birds died 
showing clinical signs of ND. No other respiratory 
virus was isolated. 

From March to May, vvNDV was isolated in 93 
broilers farms; 13.6 million (M) broilers were 
eliminated and properly buried.  Positive farms were 
not repopulated for at least two months. 
Four companies were affected. The first one eliminated 
a total of 12.6 M birds from 83 farms during April and 
May. The second eliminated a total of 0.640 M birds 
from seven farms in April. The third eliminated 0.125 

M birds from two farms also in April. The last farm 
eliminated 0.075M birds from one farm in May. 

The disease affected mainly broiler flocks, but 
fighting cocks and backyard chickens were also 
severely affected. In the only ostrich farm in the area 
all young birds died. The virus was not isolated from 
any breeder or commercial layer flocks. Backyard 
turkeys or wild birds were not affected.  

Starting in April, more than 6300 samples were 
sent every month to the diagnostic laboratory. Eighty-
six isolations of vvNDV were obtained in April and 
only a few in May. The last isolation of a vvNDV was 
obtained May 11, 2000. 
 

ECONOMIC IMPACT 
 

The poultry industry in La Laguna was not 
allowed to sell live birds, meat, or eggs outside the area 
until November (six months after the last vvNDV 
isolation in the area). The economic impact was 
estimated at 50 M USD for the poultry industry and 25 
M USD for the Department of Agriculture, for a total 
of 75 M USD. 
 

EPIDEMIOLOGY 
 

The information recorded during the outbreak 
shows that some mortality was observed at the 
beginning of the year in fighting cocks and backyard 
chickens, but that was not reported and no samples 
were sent to the lab.  

It is highly probable that the virus was introduced 
into the area by fighting cocks, which is a very 
common practice in the country. People travel with the 
cocks through different states to fight them and after 
one or two weeks go back home, carrying surviving 
and new birds. 

Generally speaking, biosecurity measures in the 
area were relaxed. The largest company where 
hatching broiler chicks with very low ND maternal 
antibodies (less than 2 log2), and its vaccination 
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program for ND was adequate to very low. Birds were 
vaccinated at one day of age with live virus, B1 strain, 
by spray, with a quarter of the regular dose. 
Revaccination was done at 14 and 30 days of age with 
the same strain, with half dose, by the drinking water 
route. HI titers were usually under 2 log2.  

Other companies vaccinated breeder flocks two or 
three times with oil emulsion vaccines combined with 
live virus during the first 20 weeks of age. The chicks 
hatched with high maternal antibodies (average of 5 
log2). Broilers were usually vaccinated with oil 
emulsion vaccines at one or ten days of age. Live 
LaSota strain with full dose are applied by eye drop at 
ten days, with revaccination by the water route at 28 to 
35 days. HI titers are usually above 5 log2.  

High mortality in commercial birds was first seen 
in a farm belonging to the largest company. Within the 

same week more farms from the same company were 
affected. After three weeks, farms from all companies 
were involved in the outbreak.  

The isolation of a vvNDV forced the government 
and the poultry industry to stop the outbreak by rapid 
depopulation of affected commercial flocks as well as 
affected backyard chickens and fighting cocks.  
 

CONCLUSION 
 

The fast reaction of everyone involved in the 
outbreak helped for a rapid control of the situation in 
the area. The economic impact of the outbreak was 75 
M USD. No other state in the country reported high 
mortality or the isolation of a vvNDV during the whole 
year. 
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During February 1998 a breeder flock contracted 

NCD at 41 weeks of age.  Production dropped 9% and 
recovered over a period of 9 weeks.  Mortality reached 
2.3% for a week instead of the normal 0.2%. The 
percentage discolored or misshapen eggs increased by 
5% during the 9 week period.   

Eight weeks later a flock reared on one site was 
placed on two laying sites   45 km apart.  These two 
flocks contracted NCD respectively at 27 and 28 
weeks.  Mortality was normal and the flocks dropped 
16% and 18% respectively.   

From May 1998 nine consecutive flocks 
contracted NCD at 26 – 27 weeks of age.  The 9 flocks 
only showed a drop in production, (between 11 and 
28%) discolored and misshapen eggs but no increase in 
mortality. 

Two of the 9 flocks mentioned were again reared 
on one unit and placed on two laying units 45 km apart.  
Both these flocks contracted NCD within 5 days of 
each other. 

On inspection of these flocks rearing NCD 
antibody titers some houses on all 9 farms showed 
increased NCD antibody titers as early as 5 weeks of 
age.  In some of these flocks a few birds with twisted 
necks were reported but mortality was normal. 

The conclusion was reached that these flocks 
already became infected during rearing, and the virus 
was harbored in the birds.  The stress associated with 
production appeared to induce a viremia despite 

relative high NCD titers with a drop in production the 
only visible clinical sign and the NCD antibody titer 
rose from 2 log 8 to 2 log 11 plus.  The hatchability of 
the normal eggs laid during the drop in production was 
reduced by 4% on average. 

Virus isolation attempted during the acute phase 
was never successful.  With the last 3 flocks SPF birds 
where placed with the flock at 23 weeks of age.  In 
each of these flocks the SPF birds contracted NCD and 
died following the drop in production.  NCD virus 
isolation out of the SPF birds by means of embryonated 
eggs was successful. 

In the company’s second operation 3 flocks 
became infected with NCD and experienced drops in 
production that varied between 11% and 15%.  
Unexplainable increases in mortality post 28 days of 
age occurred in one or two broiler houses on different 
broiler farms.  NCD was confirmed in these broilers.  
On inspection, it was found that these houses were 
filled with chickens from the NCD affected flocks that 
hatched between 29 and 39 days after the onset of the 
NCD drop in production.  This on egg infection was 
contained by fogging eggs with a third generation 
quaternary ammonium compound (QAC) disinfectant 
after collection and twice during the setting period. 
 

CONCLUSION 
It would appear that birds can harbor NCD virus 

for a period of time. In such birds an acute viremia can 
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be induced by the stress of production.  This effect can 
be overcome by using an oil emulsion NCD vaccine at 
5 weeks and a high concentration NCD broiler oil 
emulsion vaccine (0.5ml/bird) at 18 weeks of age. 

The on egg transmission of NCD virus can be 
successfully eliminated by fogging eggs with a QAC 
disinfectant.
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Ernesto Soto, Manuel Gay, Bernardo Lozano, David Sarfati,  Juan Garcia and Alejandro Suarez 
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INTRODUCTION 
 

Diseases can affect poultry industry in many ways; 
killing birds and decreasing its productivity level are 
probably the major economic problems. Countries or 
farms with low biosecurity measures are usually 
exposed to a larger number of diseases.  

Newcastle disease (ND) has been recognized in 
many countries of Asia, Africa, Europe and the 
Americas. Only Oceania seems to remain free of the 
disease. ND virus (NDV) can cause high mortality in 
birds with no immunity, as well as a marked drop in 
egg production in birds with low immunity. 
Vaccination of laying hens and breeders against ND 
always requires more than one dose of vaccine to 
maintain immunity through their lives. The immune 
response is usually estimated by the HI titers obtained. 

Infectious bronchitis (IB) is distributed worldwide. 
IB caused by Massachusetts (Mass) strains affects 
laying hens and breeders flocks, and can cause declines 
in egg production and quality, even in absence of 
respiratory signs. In addition to production declines, 
the number of eggs unacceptable for setting is 
increased, the hatchability is reduced, and soft-shelled, 
misshapen, and rough-shelled eggs are produced.  
Inactivated oil emulsion vaccines are used primarily at 
point of lay in breeders and layers, and usually given 
after priming with live virus.  The immune response is 
usually estimated by the ELISA titers obtained. 

The infection with adenovirus group III or egg 
drop syndrome (EDS) affects mainly white and brown 
commercial layers, but heavy breeders are probably 
more severely affected. The disease causes a drop in 
egg production (by up to 40%) as well as eggs with 
shell defects, which include a loss of color in 
pigmented eggs, thin-shelled, soft-shelled, or shell-less 
eggs. The disease has been recognized in different 
countries in Europe, Oceania, Asia and Africa, as well 
as Mexico and countries from South America. Only 
inactivated oil emulsion vaccines are used against EDS 

in commercial layers and breeders before the beginning 
of lay.  

Immunization of birds prior to the onset of 
production with vaccines containing two ore more 
killed antigens has been a practice for many years. 
Inactivated vaccines usually conferred high levels of 
protective antibodies of long duration that can be 
achieved. 
Postvaccinal serology is usually used to confirm 
successful application of vaccine an adequate immune 
response by the birds.  

Objective.  To demonstrate the safety, potency 
and immunogenicity features of an inactivated vaccine 
against ND, IB and EDS in heavy breeders under field 
conditions. 

Methodology and Materials.  25,000 heavy 
breeders, eighteen weeks old, were vaccinated 
subcutaneously in the mid back portion of the necks, 
using 0.5 ml per bird. 500 pullets were kept non-
vaccinated controls within the same flock. 

During the growing period, all birds received 
simultaneously four doses of a combination of active 
NDV LaSota strains, and IB Mass and Connecticut 
strains, via the drinking water, as per normal handling 
field practices. 

The vaccination crew was asked to comment on 
any difficult or observation they had had during the 
injection procedures, such as emulsion high density. 

Birds were observed for 30 days after vaccination 
to possible adverse reactions in site of injection or 
mortality due to vaccination. 

Every 10 weeks, 50 birds of each group were bled, 
and the serum samples were tested for ND, IB and EDS 
by serological techniques in the laboratory. 

At 34 weeks of age, potency test was performed 
for each disease. 

Results.  The vaccine was applied manually using 
1.0 ml syringes with number 19, 20 and 21 needles, 
0.25 and 0.50 inches long. No problems were reported 
by the vaccination crew. 
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After 30 days, none of the birds showed swelling 
or any other undesirable effect in the site of injection. 
No birds died from vaccination. The injectability and 
the safety tests were satisfactory. 

HI test were performed for ND and EDS; ELISA 
was carried out for IB. Results are shown in table 1. A 
good serological response for the three antigens was 
detected after the vaccine was applied. No antibody 
increase was detected in the control group, meaning no 
field exposure towards these viruses. The 
immunogenicity tests for ND, IB and EDS were 
satisfactory. 

At 34 weeks of age, 25 birds were challenged with 
a vvNDV (Queretaro strain) in isolation units, with 
200,000 CELD 50% / 0.2 ml by the intramuscular 
route. Birds were observed for 21 days after challenge. 
Mortality and egg production were recorded daily. 
Results are shown in table 2. The potency test against 
ND was satisfactory. 

At 34 weeks of age, a second group of 25 birds 
were challenged in a separated isolation unit, with a 
virulent Mass 41 strain of IB using 105 CEID 50%/0.2 

ml, by the intramuscular route. Birds were observed for 
21 days after challenge. Records of mortality and egg 
production were taken daily. Results are shown in 
Table 3. The potency test against IB was satisfactory. 

At 34 weeks of age, a third group of 25 birds were 
challenged in a separated isolation unit, with a virulent 
adenovirus group III, JPA strain, with 105.9 CEID 50% 
/ 0.2 ml, by the intramuscular route. Birds were 
observed for 21 days after challenge. Prime quality egg 
production and mortality rates were recorded daily. 
Results are shown in table 4. The potency test against 
EDS was satisfactory. 
 

CONCLUSION 
 

The inactivated oil emulsion vaccine was safe and 
induced a good serological response for ND, IB and 
EDS in commercial birds under field conditions. 

The vaccine was efficacious and gave a good 
protection against mortality and drop in egg production 
or quality of eggs under exposure to virulent viruses. 

 
Table 1. Serology results. GMT from 50 field serum samples from control and vaccinated groups. 
WEEK ND-HI log2 EDS- HI log2 IB-ELISA 

 Control Vaccinated Control Vaccinated Control Vaccinated 
18 4.3 4.3 0.0 0.0 2500 2500 
28 4.5 7.8 0.1 10.1 2440 5690 
38 4.1 8.1 0.0 11.1 2130 7100 
48 3.9 8.4 0.1 10.3 1610 6960 
58 3.1 8.5 0.0 9.6 1080 6600 

 
 
 
Table 2.  Potency test for ND. 25 birds in each group. 
GROUPS * ACCUMULATED EGG DURING 21 DAYS ACCUMULATED MORTALITY DURING 21 

DAYS 
V-NC  448 100% 1/25 4% 
C-V  428 95.5% 1/25 4% 
C-NV  237 52.9% 12/25 48% 
 
Table 3. Potency test for IB. 25 birds in each group. 
GROUPS * ACCUMULATED EGG DURING 21 DAYS ACCUMULATED MORTALITY DURING 21 

DAYS 
V-NC  448 100% 0/25 0% 
C-V  440 98.2% 0/25 0% 
C-NV  316 70.5% 0/25 0% 
 
Table 4. Potency test for EDS. 25 birds in each group. 
GROUPS * ACCUMULATED EGG DURING 21 DAYS  

(ACCEPTABLE FOR SETTING) 
ACCUMULATED MORTALITY DURING 21 

DAYS 
V-NC  448 100% 0/25 0% 
C-V  446 99.9% 0/25 0% 
C-NV  246 54.9% 0/25 0% 
   *V-NC = Vaccinated, non-challenged, C-V = Challenged, vaccinated, C-NV = Challenged, non-vaccinated. 
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Different strains of Newcastle disease virus (NDV) 

are classified according to their virulence in velogenic, 
mesogenic and lentogenic (1). The available methods 
to classify NDV can distinguish strains with significant 
difference in their pathogenic potential, but sometimes 
can generate discrepant results when dealing with 
strains of similar virulence. Vaccinal strains of 
Newcastle disease virus (NDV) are among the 
lentogenic, which can show individual variation in 
virulence to the respiratory tract of the chicken (4). 

The inflammatory lesions more frequently found 
in trachea of birds exposed to NDV include mucosal 
swelling, hyperemia, edema with dissociation of fibers 
and infiltrate of lymphocytes and heterophils. They 
seem to be associated to the virulence of the NDV 
strains (4, 3).    

The aim of this study was to compare the 
pathogenicity of La Sota (LS), Ulster (UL) and VG-GA 
(VG) vaccinal strains of NDV, by a morphometric 
analysis of tracheal thickness and inflammatory 
reaction, using. 44 day-old SPF chickens free from 
antibodies anti-NDV. Commercial vaccines containing 
LS, UL and VG strains were used via intra-tracheal. 
Vaccines were acquired with the same lot number and 
titled in embryonated eggs of SPF chickens, for 
adjustment of the vaccinal dose to 6.5 log10 
IEED50/chicken. The treatments were maintained in 
independent rooms and the control birds received PBS 
pH 7.0. Chloramphenicol was administered in water 
(130 mg/l) to the birds for 4 consecutive days, until 48 
hours before the beginning of the experiment, to 
minimize eventual infection bacterial after vaccination.    

From 0 to 4 and at 6 and 8 days post vaccination, 
at least 3 chickens of each treatment were killed by 
electrocution and fragments of the anterior trachea 
were collected and processed to histological analysis. 
Slides of 4µm thick containing 3 sections of the same 
specimen were stained by Hematoxilin - Eosin (HE) 
and evaluated in light microscopy for the intensity of 
the lesions.  Morphometric evaluation of the tracheal 
thickness was conduced by measuring 3 segments, 
distant from each other by 250 µm, being the 

intermediate segment the thickest of the section.  Data 
were collected with the aid of an image analyzer 
(Kontron KS-300 v2.0, Zeiss Kontron Electronics). 
Data were analyzed statistically by Student’s t test.  

Tracheal lesions varied depending on the vaccinal 
strain. Strains LS and UL induced more severe lesions, 
and VG was less pathogenic to trachea. More frequent 
tracheal lesions included depletion of goblet cells, 
epithelial erosion, hyperemia and inflammatory 
infiltration of mononuclear and heterophils. These 
findings are in agreement with Santos (8), who 
observed similar lesions in chickens vaccinated via 
nasal with the LS and VG strains, seven days after 
vaccination.  

Tracheal inflammatory infiltrates were more 
intense and disperse in chickens vaccinated with LS 
than with UL and VG, when infiltrates were more 
focally distributed. This finding supports the reports of 
Abdul-Aziz & Arp (2), who evaluated the progression 
of tracheal lesions in turkeys exposed to LS. Other 
lesions such as cellular hypertrophy of the mucous 
glands and intracellular edema of the cylindrical 
ciliated epithelia, as described by Kelleher et al. (7) and 
Hamid et al. (5) were absent.  

LS strain induced the thickest trachea during the 
whole experiment (Graph 1).  At the third and fourth 
day after vaccination, when tracheas were the thickest, 
LS and UL strains did not differ in their virulence. 
Both LS and UL strains were more virulent than VG 
strain, inducing swollen tracheas and causing more 
intense inflammatory lesions. Tracheas from birds 
inoculated with LS showed slower recovery after the 
inflammatory peak at the third and fourth day after 
vaccination, agreeing with a previous study that 
showed intense edema in trachea as quantified by the 
hydric content. (6). VG strain induced the smallest 
thickening of the tracheal mucosa, confirming the low 
pathogenicity of that strain to the respiratory tract of 
the chicken (9). 
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CONCLUSIONS 
 

Histological lesions and tracheal thickness varied 
depending on the vaccinal strain. La Sota strain 
induced higher tracheal swelling than the others did, 
during most of the time of the experiment. Maximum 
swelling of tracheal mucosa occurred at the third and 
fourth day after vaccination. At that time, La Sota and 
Ulster showed similar pathogenicity to trachea, causing 
greater swelling of tracheal mucosa than VG strain. 
Tracheas from birds inoculated with LS showed slower 
recovery after the inflammatory peak at the third and 
fourth day after vaccination. LS and UL strains were 
more pathogenic to the respiratory tract; therefore, they 
should not be used during the season that respiratory 
infections are more incident. 
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Table 1. Average thickness (in µm) of tracheas of control and vaccinated chickens (La Sota, VG-GA and 
Ulster). Different letters in a line mean statistical differences. 

Days after vaccination 
Vaccinal Strains 

Control La Sota VG-GA Ulster 

1 
2 
3 
4 
6 
8 

114,06b 117,84b 154,98a 128,90ab 
123,91c 245,80a 160,59b 286,10a 
138,75c 311,24a 196,13b 303,25a 
114,47c 309,81a 234,87b 280,73ab 
103,95c 281,68a 112,01c 154,79b 
110,15c 244,00a 118,23c 138,87b 

 
Graph 1. Average thickness (in µm) of tracheas of control and vaccinated chickens (La Sota, VG-GA and 

Ulster). Different letters in a line mean statistical differences. 
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On Wednesday 13 December 2000 in the middle 

of a snowstorm in Fayetteville, Arkansas, forty 
individuals from twelve different states representing 
many levels of industry, state, and federal agencies 
participated in a tabletop exercise.  It created, as many 
questions as it did answers to the multitude of problems 
that would arise if an outbreak of Exotic Newcastle 
were to occur in the intensive poultry production area 
of Northwest Arkansas, Southwest Missouri and 
Northeast Oklahoma. 

The following are some of the significant points 
that became apparent during the planning for and in our 
participation in this exercise: 

Newcastle is too explosive a virus to be handled 
alone.  Any outbreak, anywhere, will have major 
economic consequences.  The longer it lasts the greater 
the costs.  Every action or inaction that delays 
recognition and subsequent eradication will increase 
expenses. Industry survival will require that we get it 
right the first time, but even getting it right will likely 
be a career altering experience. 

The first and most dangerous time for spread will 
be from the time an outbreak occurs till it is detected.  
The second most dangerous time will be the period 
from detection to confirmation.  Because of the adverse 
consequences, no one will be willing to call it 
Newcastle, until it is confirmed.  Detection to 
confirmation, if samples are sent promptly to NVSL 
(National Veterinary Services Laboratory) is virtually a 
fixed time period of five to ten days from arrival to 
virus isolation and confirmation.  Each company 
should have a clearly defined biosecurity plan to be 
implemented immediately upon suspicion of disease 
that minimizes people, poultry, equipment, and litter 
movements to prevent spread of disease.  There is a 
critical need for grower and service personnel to be 
educated to signs and symptoms of Exotic Newcastle 
Disease and Highly Pathogenic Avian Influenza.  In 
areas where vaccination occurs, the explosive nature of 
the disease could be masked resulting in delay of 
recognition. 

Any outbreak will require cooperation of industry 
and numerous governmental (state and federal) entities.  
The more entities involved (for example when 
quarantine areas cross multiple state and county 

jurisdictional lines and/or when more than one 
company are involved) the greater the need for every 
one to agree on the same game plan and for it to be 
well coordinated.  Currently companies as well as state 
and federal agencies are inadequately prepared to deal 
with the consequences of even a small, well-contained 
outbreak.  The questions, “What do we have to do?” 
and “What should we do?” need to be diligently 
explored within each entity and all necessary authority 
and corresponding responsibility clearly defined at all 
levels.  

With each planning interaction and exercise there 
has been a growing awareness of the activities and 
responsibilities that will have to be coordinated for 
effective action.  This will decrease the stress level and 
potential mistakes that would be made by each of the 
entities during an actual outbreak.  It should be realized 
that each training activity is not an activity that can be 
put on the shelf and forgotten, but should be part of an 
ongoing, continuous dialog and preparation for an 
event we hope will never happen. Interestingly, mutual 
trust and respect have been the immediate by-products 
of this partnering activity and continue to result in 
increase communications and cooperation in other 
unrelated areas of mutual concern. 

Currently there are less total federal personnel 
employed in USDA/APHIS/Veterinary Services today 
than there were individuals deployed during the Avian 
Influenza outbreak in Pennsylvania in 1984.  Similar 
reductions of personnel have been occurring in state 
agencies and will probably accelerate as Brucellosis is 
finally eradicated.  As a result, there is a growing need 
for a “FEMA” (Federal Emergency Management 
Agency) model of interaction in which the poultry 
industry would be empowered to deal with an outbreak 
and the state would assist in coordinating activities 
between companies, supplying additional personnel, 
and provide an oversight validation of eradication.  
Further support from the federal level would be 
provided when local and state resources are depleted as 
well as final verification of eradication to our 
international trading partners.  

As part of this empowerment and to reduce the 
time between discovery and confirmation, 
consideration should be given to authorizing poultry 
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veterinarians to become Foreign Animal Disease 
Diagnosticians. This could be accomplished by training 
sessions at Plum Island or Ames, Iowa; or by some 
form of special training held in conjunction with other 
poultry veterinary meetings.  

Since FEMA and their state counterparts deal with 
emergencies on a daily basis it makes sense to try to 
work within the model and experience of those entities 
to deal with animal emergencies as well.  This is 
especially true since they have funding and animal 
agriculture does not.  It is our experience that state 
emergency managers are interested in working with us, 
but at this time FEMA does not deal with animals other 
than in a limited way, primarily as it impacts the 
evacuation of people in a disaster.  It has been 
proposed that FEMA’s ESF-11 (Emergency Support 
Function – 11) be expanded from primarily a food 
distribution role to include agriculture and animal 
health. Within USDA, proposed drafts are being 
formulated and discussed as to its role as the lead 
agency in dealing with these types of emergencies.  
This would, if approved, legalize additional funding 
and resources from the federal level and subsequently 
strengthen state emergency management involvement 
as well.  In using this model, it has been suggested that 
training in ICS (incident command system) and 
interaction with EOC (emergency operations center) 
for poultry, state, and federal veterinarians and 
personnel would be beneficial to coordinating their 
interactions and response to foreign animal disease 
emergencies.  

The extent of economic consequences of an 
outbreak in commercial poultry will depend upon 
several unknown variables.  Both domestic and 
international markets will be impacted.  The likely 
immediate reaction will be for other states to embargo 
and/or impound any live poultry and all processed 
poultry originating from the state where an outbreak 
occurs.  The growth of international export and small 
profit margin makes the industry vulnerable to 
fluctuations of, and thereby, increasingly dependent on 
those markets.  As a result the industry will have to 
conform to OIE’s (Office of International Des 
Epizooties) international standards and requirements.   
These international standards will force restrictions on 
domestic movements to prove that we have the disease 
under control.  “Regionalizaton”, because of the time 

needed to implement it and the requirements that 
would be necessary to prove a negative, i.e. no 
infection, may provide little relief.  Poultry 
veterinarians and company officials need more 
information on the affect that OIE and international 
trade laws have on their management decisions, 
especially as it relates to animal health and disease. 

Cost analysis projections should be made and 
presented to Congress demonstrating the economic 
benefit of providing funding for early eradication of 
any suspicious diseased flocks, versus having to wait 
for Secretary of Agriculture or Presidential Emergency 
Declaration before federal funds can be made available 
for eradication.  It is estimated that each one-cent 
decline in price will result in an annual decline of 
broiler receipts of two-hundred-and-fifty million 
dollars.  Depending on the local density of the poultry 
industry different multipliers are used to project what 
effect the decreased income would have on the local 
economy.  In addition to direct losses by the company 
and their employees, growers would also be negatively 
affected resulting in defaults on bank loans, car 
payments, and utility payments with subsequent impact 
on grocery and retail stores, orthodontists and elective 
medical expenses, college tuition, and tax collections.  
Direct governmental costs of maintaining quarantine 
areas are projected to exceed a million dollars per 
month for each county involved.  Some form of federal 
insurance should be explored for immediate use to 
reimburse companies and growers in depopulating 
exposed or highly suspect flocks and to provide 
financial relief for theirs as well as state and local 
government expenditures. 

In the belief that, “a man with an experience, 
should never be at the mercy of a man with a theory”, 
we visited with individuals that have lived through the 
Newcastle experience in California and elsewhere.  
The handout is the essence of that gleaned experience 
and was used extensively in our exercise.  We offer it 
as a starting point and challenge you to visit with each 
other, your companies, your governmental 
counterparts, and your emergency management 
officials to develop a plan that can we can all agree 
upon as a common starting point if we face an 
outbreak.  We only request that you share results of 
your discussion with us so we can strengthen ours. 
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New pathogens are being discovered which 
threaten the health and productivity of the world’s 
animal population.  Some recent examples include 
Nipah virus and Hendra virus.  In addition, known 
pathogens, such as West Nile virus and Muscovy duck 
parvovirus, have shown up in the US for the first time.  
Emerging animal health issues such as these are of 
concern due to their negative impacts on the health and 
productivity of livestock and poultry.  Also of great 
concern are emerging diseases that present a risk to 
public health.   

USDA’s Veterinary Services’ (VS) Strategic Plan 
(covering fiscal years 2001 - 2003) has incorporated 
emerging issues under three major goals.  These goals 
cover safeguarding the US from the occurrence of 
adverse animal health events, monitoring the health 
and productivity of US animal populations, and 
enhancing the health status of US animal populations 
by anticipating and responding to new or emerging 
threats.  Specific objectives in accomplishing these 
goals include the ability to rapidly detect emerging 
animal health issues, monitoring and assessing global 
animal health events, establishment of a central process 
for gathering, reviewing, and evaluating data, and 
incorporating monitoring and surveillance for emerging 
issues with all other types of monitoring and 
surveillance. 

There are many examples of current specific VS 
activities regarding emerging animal health issues.  
The Centers for Epidemiology and Animal Health 
includes the Center for Emerging Issues, whose work is 
focused on the identification and analysis of emerging 
animal health issues.  In recent years emergency 

program activities have been broadened in focus to 
include emerging animal diseases in addition to known 
foreign animal diseases.  A third example of VS’ 
emphasis on emerging issues is the newly developed 
Emerging Diseases Epidemiologist position for the 
Florida Area Office that has been advertised. 

In November 1999, an Emerging Disease Issues 
Working Group met, with the purpose to develop a 
more integrated and coordinated VS approach for 
dealing with emerging animal disease issues in the US.  
The group determined that the goal of an emerging 
disease system should be to quickly identify, assess, 
and respond to emerging animal disease issues in order 
to prevent or limit the sudden and negative economic, 
food security, and public health effects of those issues.  
Key elements of such a system include identification, 
assessment, and response, as well as responsibility for 
implementing responses.  Strengths of the current 
system within VS were identified as well as 
development of strategy and important next steps to 
improve the system.   
Emerging animal health issues have to be identified 
and addressed in order to keep the US animal 
population healthy and marketable around the world.  
The system used for the identification, assessment, and 
response for emerging issues must be integrated and 
coordinated, with the communication and 
responsibility being what establishes and maintains that 
integration and coordination.  While such a system is 
still a work in progress within VS, there is much that is 
currently being done in the realm of emerging disease 
issues throughout VS. 
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The year 2000 outbreak of velogenic viscerotropic 
(VVND) in Mexico has raised concerns about the 

consequences of introducing VVND into the United 
States (US) commercial poultry population. 
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If the VVND virus (VVNDV) is highly pathogenic 
and infects a large population of chickens before it is 
controlled, the consequences for the US poultry 
industry will be devastating. 

Based on the Mexican experience, typical ND 
vaccination programs in the US are unlikely to protect 
against highly pathogenic VVNDV. In addition, the 
vaccines required to protect against these strains are 
likely to reduce broiler productivity (3). 

Perelman in 1976 (6) found differences in the 
pathogenicity Mexican VVND isolates for vaccinated 
chickens, and that a high vaccine titer is required for 
adequate protection. Among six isolates compared, five 
caused 100% mortality in unvaccinated chickens. On 
the other hand, the protection afforded by 104.5 embryo 
infective doses (EID) of live La Sota given by eye drop 
varied from 55% to 99%, depending on the challenge 
strain (Table 1). It was necessary to administer 106 EID 
given by eye drop to obtain 97% protection against the 
most virulent of the VVND isolates (intracerebral and 
intravenous pathogenicity index of 1.88 and 2.77, 
respectively) (Table 2). 

The Merial 1999 vaccine survey (1) reports that, 
75% of the egg layers in the US receive four live ND 
vaccines, 18% three and 7% two. Only 21% receive 
killed ND vaccine, and only 26% are given a live boost 
during lay. Broiler producers shy away from 
respiratory reactions and most broilers in the US 
receive one live B1B1 vaccine at one day of age. A 
small percentage is re-vaccinated at 14 days of age 
with B1B1, La Sota or VGGA (Linares, Salem and 
Takeshita, personal communications) 

In Mexico, protection against VVND is typically 
achieved in broilers with the simultaneous application 
of oil-emulsified vaccine and a live La Sota in the first 
two weeks of life, with a live La Sota as a booster at 
around 4 weeks of age. Some flocks receive a third live 
La Sota at 6 weeks of age. Layers receive at least one 
more live La Sota and an oil-emulsified vaccine before 
onset of production. 

VVND may be introduced in to the US by 
different means: migratory workers, migratory poultry 
advisers, migratory birds, live poultry or poultry 
products, and live birds. 

1. Migrant workers traveling from Mexico are 
frequently mentioned as a risk in the 
introduction of VVND to the US. It would be 
irresponsible to dismiss the possibility of 
migratory workers introducing VVND to 
commercial poultry in the US. But, historic 
information on VVND, avian influenza, and 
migrant workers suggests that it is unlikely 
that VVND may be introduced into the US 
poultry industry from Mexico: 

a. VVND has been endemic in Mexico 
at least since 1948. 

b. None of the US VVND episodes has 
had its origin in Mexico. 

c. Avian influenza H5N2, detected in 
Mexico in 1994 has not been 
introduced into the US. 

d. Workers have moved from Mexico to 
the US in significant numbers since 
the late 40's with the 
officially sanctioned "bracero" 

program. 
e. Sixty percent of the Mexican migrant 

workers originate from Central 
Mexico (Michoacan, Jalisco, 
Guerrero, Zacatecas, San Luis Potosi, 
Aguascalientes, Guanajuato, 
Queretaro, Tlaxcala and Puebla) 
where VVND and avian influenza 
are endemic (Mexican Embassy) (2). 

2. There is no doubt that migratory poultry 
advisers have the potential to be in close 
contact with VVND-infected flocks. But, the 
risk that migrant poultry advisers will 
introduce VVND to the US is greatly 
diminished by the precautions that their 
education dictates. 

3. Even though ND has been documented in only 
236 species o birds, it is believed that all 8000 
avian species are susceptible to NDV infection 
(4) the transmission to poultry has been 
documented in very few instances. 

4. Due to importation regulations and cost of 
production, live poultry is not imported from 
Mexico into the US. A limited number of 
poultry products (chicken meat) are imported 
to the US from VVND-free zones in Mexico. 

5. Two of the most wide spread instances of 
VVND in the US have been related to 
importation of live birds. The first one, the 
California outbreak in 1971, which severely 
affected the poultry industry (7) and the 
shipment of birds out of a Florida aviary to 
Illinois, Indiana, Michigan, Texas, California 
and Nevada (5) which did not affect poultry. 
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Table 1. Mortality after challenge with 6 different 
VVND strains in unvaccinated chickens or chickens 
vaccinated by eye drop with 104.5 EID50 at 15 days of 
age, and challenged when 30 days old. 
 

    (% mortality) 

3 Close to Mexico City, with dense poultry population at the time. 
4 Northwest Mexico (Sonora State) NDV similar to US velogenics 
5 Northwest (Sinaloa State), 6 Central Mexico (isolated back in the 
50s), 7 South of Mexico City (Morelos State),8 West Central Mexico. 

 
Table 2. Fifteen day old-commercial chickens 
vaccinated with increased doses of La Sota strain, and 
challenged at 30 days of age by intramuscular injection 
of 106 EID50 of Chimalhuacán NDV. 
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SUMMARY 
 

The purpose of the current study was to investigate 
the effect of prophylactic treatment on one day old 
broiler chicks with soluble products contained in the 
supernatants obtained from splenic lymphoid cells 
cultures stimulated with concanavalin-A originating 
from immunized chickens with three dosages of 108 
CFU/ml of Salmonella enteriditis, (SE-ILK, S. 
enteritidis-immune lymphokines) against a challenge 
made with the velogenic Chimalhuacan strain of 
Newcastle disease virus (NDV). At one day of age, 
chicks were weighed and injected intraperitoneally 
with 0.5 ml of these supernatants. Thirty minutes after 
lymphokines injection, birds were challenged 

intramuscularly with a dosage of 107.6 EID50/1 ml of 
NDV. On the 3rd, 7th, 14th and 21st days postchallenge, 
chickens were weighed to obtain daily weight gain 
(DWG) and were sacrificed to take samples of organs 
in order to carry out viral isolation. During the 
experimental period clinical signs and observed lesions 
to necropsy suggesting Newcastle disease (ND) were 
recorded. Obtained results showed that SE-ILK 
administration was able to diminish infection 
seriousness due to NDV in susceptible birds because of 
: a) it avoided significantly detrimental effects on 
DWG due to NDV infection (p<0.05); b) it diminished 
infection seriousness inhibiting clinical signs (p<0.001) 
and lesions (p<0.005) appearance; and c) it decreased 
NDV isolation rate from challenged chicken organs 

Isolate Vaccinated  Not vaccinated 
Chimalhuacán3 45 100 
Hermosillo4 22 100 
Culiacán5 22 100 
Querétaro6  1  82 
Jilotepec7 20 100 
Jalisco8 16 100 

Vaccine Dose 
(Log10 EID) 

Mortality (%) 

  
2 96 
3 67 
4 48 
5 36 
6 7 
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((p<0.005). This study offers first evidences about SE-
ILK supernatant being able to induce protection to 
newly born fattening chickens against a viral infection.  

Viral infections usually cause economic losses to 
the poultry industry because infected broiler flocks 
have a poor daily weight gain (DWG) and mortality (4, 
5, 7). Cytokines biology understanding could allow 
their use to make an optimal bird resistance to this kind 
of infections. Theoretically, prophylactic 
administration of cytokines to broiler chicks should 
promote resistance to viral infections. In the current 
study a lymphokine preparation was made using 
hyperimmunized birds with Salmonella enteridis (SE-
ILK, S. enteritidis immune lymphokines). Our purpose 
was to assess the prophylactic effect of SE-ILK on the 
negative impact produced by Newcastle disease virus 
(NDV) in neonatal broiler chicks. We infer the 
intraperitoneal injection of SE-ILK is able to reduce the 
incidence of NDV and SE-ILK ability to inhibit the 
virus detrimental effect on body weight gain of broiler 
chickens. 
 

MATERIALS AND METHODS 
 

Bacterial inoculum. A primary poultry isolate of 
phagotype 13 S. enteritidis was used. A stock solution 
of the appropiate bacterium (1 x 109 cfu/ml) was 
prepared.  

Lymphokines preparation. SE immune 
lymphokines were prepared as previously described 
Kogut and Slajchert (2), and Téllez et al (6). 

Viral inoculum. The velogenic Chimalhuacan 
strain of NDV used in this experiment was analyzed by 
determining the mean embryo infective dose (EID50). 
The titer was 107.6 EID50/ml. 
  Experimental design. Two hundred one-day-old 
broiler chicks (Hubbard x Hubbard) were used. They 
were randomly placed in 5 groups of 40 birds each, in 
electrically heated batteries located in isolation units. 
The first group was treated with SE-ILK but not 
challenged (SE-ILK); the second group was treated 
with SE-ILK and challenged with NDV (SE-ILKVENC); 
the third group was treated with NILK and challenged 
(NILKVENC); the fourth group was non treated – 
challenged (NDV) and the fifth group was non treated 
– non challenged (negative control). At one day old, 
birds were weighed and the average weight by group 
was obtained. On that same day, chicks of SE-ILK 
treated groups were intraperitoneally injected with 0.5 
ml. In the same way NILK was injected in chickens of 
the corresponding group. Chicks were challenged with 
a single dosage of NDV (107.6 DIEP50/0.1 ml/chick) 30 
minutes after supernatants application. At 3 days old, 
10 chickens of each group were sacrificed to carry out 
viral isolation [VI] (1) from organ samples (trachea, 
lung, brain and cecal tonsils). Remaining birds of each 

group were weighed at 7, 14, and 21 days old to obtain 
the average weight per group. Ten chickens of each 
group was sacrificed on each of these days to perform 
VI from organ samples. Pathological changes observed 
in necropsy were reported. Presentation of clinical 
signs and/or mortality due to infection by NDV was 
recorded daily. Chi-squared statistical test was used to 
determine significant differences among groups 
regarding lesions presence and clinical signs (8). DWG 
of groups were analyzed by variance analysis using the 
general lineal models procedure. Statistical differences 
of means among groups were specified by the Duncan's 
multiple range test using statistical analysis 
commercial program SAS (3). The Chi-squared test 
was used to determine significant differences among 
groups, regarding isolation rate of NDV from 
challenged birds (8). 
 

RESULTS    
 

Clinical signs significant reduction (p< 0.001) was 
observed in the SE-ILKNDV  group compared to the 
positive control group. Only one chicken (2.5%) of the 
SE-ILKVENC group presented torticollis and clonic 
convulsions, although there was no mortality. No gross 
lesions were observed in SE-ILKNDV group. Lesions 
inhibition in the SE-ILKNDV group was significant (p< 
0.001). No significant difference was noted among SE-
ILK, SE-ILKNDV and negative control groups DWG. 
DWG of SE-ILKNDV group was significantly higher (p< 
0.005) compared to that positive control group during 
the course of the study (Table 3). In the SE-ILKNDV  

 

group a significant decrease was observed (p<0.005) in 
the number of chickens infected with NDV compared 
to positive control group. In the SE-ILKNDV group, 3 
out of 40 chickens (7.5%) NDV was isolated.  
 

DISCUSSION    
 

Under current intensive poultry production 
conditions, birds are exposed to a great variety of 
potentially pathogen microorganisms. Due to this 
intense antigenic exposure, no vaccination calendar or 
antibiotic therapy are effective and practical. Under 
such conditions, use of cytokines as non-specific 
elements to increase potential of the immune system 
might result in a more practical solution in protection 
against infectious diseases. This is one of the first 
reports that informs about the bird cytokines 
prophylactic effect in vivo with broiler chickens against 
a specific and common virus of commercially exploited 
birds, as well as about treatment efficiency with SE-
ILK in inhibition of infection produced by NDV. 
Despite other mechanisms have been considered 
regarding infectious diseases prophylaxis and 



 
 

 126 

protection such as use of vaccines and/or antibiotics, 
the use of lymphokines might be able to counteract and 
eliminate viral infections. Results obtained concerning 
virus isolation thus show it: reduction in number of 
virus isolations from chickens treated with SE-ILK has 
been significant. Birds treated with lymphokines 
allowed inhibition to infection because the virus could 
not be isolated from chicken tissues treated with SE-
ILK. Infection inhibition was reflected in the absence 
of the disease clinical stage and in getting an adequate 
DWG in treated chickens. Finally, prophylactic 
administration of a lymphokines supernatant of 
immunized birds with S. enteritidis was able to 
diminish significantly the infection severity produced 
by a NDV velogenic strain in commercial broiler 
chicks.    
 

REFERENCES 
 

1.  Alexander, D. J. Newcastle Disease. In: A 
laboratory manual for the isolation and identification of 
avian pathogens, 3rd ed. H. G. Purchase, H. Lawrence, 
H. Domermuth, J. Pearson, eds. Kendall/Hunt 
Publishing Company, Pennsylvania. pp. 114-120. 
1989.    

2.  Kogut, M. H., T. Slajchert. T lymphocytes 
confer protection in chickens against Eimeria tenella by 
protection of lymphokines. Immunol Infect Dis. 2:69-
79. 1992. 

3.  Luginbuke, R. C., S. D. Schlotzhaver. 
SAS/STAT guide for personal computers, 6th ed. SAS 
Institute Inc, Cary, North Carolina. pp. 555-573. 1987.    

4.  Sharma, J. M., K. Karaca, T. Pertile, M. Suresh. 
Avances recientes en la inmunología aviar y la 
inmunomodulación. Memorias de la XIX Convención 
Nacional Anual ANECA; 1994 mayo 4-7; Puerto 
Vallarta (Jalisco) México. México (DF): Asociación 
Nacional de Especialistas en Ciencias Avícolas de 
México, AC. pp. 297-300. 1994.     

5.  Sharma, J. M., K. Karaca, S. Erickson, B. 
Winslow, D. E. Junker, J. K. McMillen. Efecto del 
interferón recombinante sobre la inmunosupresión viral 
en pollos. Memorias de la XXI Convención Nacional 
Anual ANECA; 1996 mayo 1-5; Cancún (Quintana 
Roo) México. México (DF): Asociación Nacional de 
Especialistas en Ciencias Avícolas de México, AC. pp. 
147-148. 1996.    

6.  Téllez, I. G., H. Kogut, B. M. Hargis. 
Immunoprophylaxis of Salmonella enteritidis infection 
by lymphokines in Leghorn chicks. Avian Dis. 
37:1062-1070. 1993. 

7.  Tizard I. Uso de inmunomoduladores en 
medicina veterinaria, con especial énfasis en la 
inmunomodulación en las aves de corral. Memorias del 
Curso de Actualización Avances en Inmunología 
Aviar; 1996 marzo 15; México (DF) México. México 
(DF): Asociación Nacional de Especialistas en 
Ciencias Avícolas de México, AC. pp. 57-65. 1996. 

8.  Zar, J. Bioestadistical analysis. 3rd ed. New 
Jersey:Prentice-Hall Inc. 1996. 

 
 

NECROTIC ENTERITIS: EFFECTS OF VARIOUS DIETS ON 
CLOSTRIDIUM PERFRINGENS AND ITS TOXINS 

 
C. B. Annett, J. R. Viste, E. Simko 

 
Western College of Veterinary Medicine, University of Saskatchewan, 52 Campus Drive, Saskatoon,  

Saskatchewan S7N 5B4 
 

Necrotic enteritis caused by Clostridium 
perfringens type A is a persistent problem affecting up 
to 37% of rapidly growing broiler chickens in the 
commercial poultry industry.  There are several factors 
known to precipitate outbreaks of necrotic enteritis, 
including high levels of wheat, barley or fishmeal in 
the diet.  Alternatively, broilers on predominantly corn-
based diets have lower incidence of necrotic enteritis.   

Currently, antibiotic feed additives or digestion 
enhancers are widely used by the commercial 
producers of broiler chickens to control necrotic 
enteritis.  There is growing concern about the medical 
impact of antibiotic use as feed additives due to 
transferable antibiotic resistance in human and animal 

pathogens.  If pressure is placed on poultry producers 
to eliminate antibiotics in feed, the economic effects 
due to rising necrotic enteritis in broilers and/or 
reduced consumption of wheat or barley-based diets 
could be disastrous to Western Canada.  Therefore, 
there is a need to develop an alternative to antibiotic 
feed additives.  Prior to developing a suitable 
alternative, it is very important to determine the 
pathogenesis behind the development of necrotic 
enteritis in broilers fed wheat or barley-based diets. 

We examined the proliferation of Clostridium 
perfringens in thioglyocollate media containing one 
third of supernatant obtained from in vitro digested 
corn-based, wheat-based and barley-based poultry 
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grower diets and we compared it with Clostridial 
proliferation in thioglycollate containing only digestive 
enzymes.  A predetermined number of C. perfringens 
(3.23 X 106) was inoculated into each medium and 
following six hours of anaerobic incubation at 40oC, 
colony form units (CFUs) were counted, and the 
number of bacteria per ml of media were determined.  
Statistical analysis (Kruskal-Wallis one-way 
nonparametric analysis of variance) revealed that 
Clostridial proliferation in media containing digested 
wheat-based (5.8 X 108 ± 1.23 X 108 CFU/ml) and 
barley-based (5.95 X 108 ± 3.44 X 108 CFU/ml) diets 
were significantly higher (p<0.05) than proliferation in 

thioglycollate containing digested corn-based diet (3.77 
X 108  ± 5.1 X 107 CFU/ml).  Toxin production at 6 
hours of incubation is currently being investigated, as 
we hypothesize that C. perfringens toxin production 
will be enhanced by the barley and wheat diet 
supernatant or inhibited by the corn diet. 

We conclude that growth of Clostridium 
perfringens type A is significantly greater when grown 
in wheat- or barley-based diets compared to a corn-
based diet. 
 
(The full paper from this work is being submitted to 
Avian Diseases in 2001) 
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During the last year several cases of Newcastle 

Disease (ND) were reported in different parts of the 
world. The disease produces different clinical signs 
that may vary considerably with the infecting virus. In 
addition, the type of bird, immune status age and 
different conditions as geographic distribution in our 
country may also affect the disease signs while the 
present of other microorganisms may hide or 
exacerbate the clinical signs. We can find different 
signs such as sudden death, severe respiratory disease, 
nervous signs or even the absence of clinical disease.  
In Mexico basically there are two types of 
commercially available vaccines for ND, live and 
inactivated. Live lentogenic vaccines are derived from 
field strains such as Hitchner B1 and La Sota. 
Inactivated vaccines also are derived from lentogenic 
and mesogenic strains. After the outbreaks many 
questions came to our mind.  Is the vaccination scheme  

 
adequate? Are the birds responding to the vaccines 
used?  Is the vaccinating crew making a good use of 
handling and application? Is there an outbreak?  Is 
there an immune problem in my flock?  Do I have 
comparative studies in my farm/company? 
Unfortunately, in some cases not every question had an 
answer.   Even under field conditions, the vaccination 
by itself is insufficient to bring about effective control 
of Newcastle Disease and must be accompanied by 
good hygiene and biosecurity. In farms/companies with 
poor management and with secondary infections a mild 

Newcastle can produce a high mortality that can mimic 
a highly pathogenic Newcastle Disease.  

In order to control the disease, it is important to 
acquire serologic information from the flocks.  
Serology is an important tool in diagnosis, and it is 
important to know how to obtain the best blood 
samples and have good handling too. Therefore, 
although Newcastle Disease has been present since 
1926, it is important to go back and check the different 
factors that are important to have a correct diagnosis.    
For serology it is important to know the age and size of 
the flock, the amount of sera that I need to send to the 
laboratory and how I’m going to preserve and send the 
samples.  Why is the age of the birds important? 
Because I need to obtain enough blood the easiest way.   
Why enough blood? Sometimes when we are in the 
field we don’t think if we are having enough sera to run 
the tests.  It is important to have at least 3 to 5 ml of 
whole blood in order to have at least 0.5 ml of sera. In 
some cases the test needs to be repeated or we need 
retention sera. How should we handle the samples?  It 
is important to have them in a horizontal position in 
order to take the clot later on. Another important point 
is to identify the samples, age, farm, and vaccination 
scheme in order to have a correct diagnosis. 

A wide range of tests may be used to detect 
antibodies to NDV in poultry sera.  Currently the HI 
test is more widely used.  Different results are 
presented using ELISA and HI test from different 
flocks in Mexico.  If we are working with HI, all the 
serology should be worked with this test. We either use 
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one of them in order to establish our parameters. We 
should submit samples at different seasons of the year 
in order to have a complete history of the flock.   The 
value of any serologic method in the diagnosis of 
disease is dependent on the immune status of the flock, 

so we must have information from the complete 
vaccination scheme.   We must remember that in order 
to express a correct result we should link them with 
clinical signs and production data. 
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Hydrogen peroxide is currently being used as an 
effective disinfect as part of a hatchery sanitation 
program. Significant reduction in bacteria can be 
accomplished when 3% hydrogen peroxide is used as a 
fog within incubators. It does not appear to affect 
hatchability, livability, body weight or feed conversion 
in chicken flocks. The Material Safety Data Sheet 
reports potential health effects to include irritation, 
redness and pain when there is eye contact, and 
irritation and blistering to the mouth, throat and 
abdomen when ingested in large quantities. This paper 
reports the development of conjunctivitis and rhinitis in 
1-day-old turkeys when exposed to excessive amounts 
of hydrogen peroxide in the hatcher. 

Six 1-day-old turkeys were submitted to the 
California Animal Health & Food Safety Laboratory, 
Fresno Branch Lab, with clinical signs of eyelids being 
shut closed and eyes appear to be swollen. The birds 
had come directly from the hatcher. Grossly, there was 
mild to moderate, unilateral or bilateral, swelling of the 
eye with a slight loss of feathers on the conjunctiva. In 
addition, the eyelids were adhered together and there 
was subcutaneous hemorrhaging around the eye. 

Caseous material was found within the nasal turbinates. 
Histologically, there was severe necrosis of the 
conjunctiva and nasal mucosa with severe heterophil 
infiltration. Caseonecrotic debris was found within the 
nasal turbinates. Enterococcus durans was isolated 
from the conjunctiva. 

It was subsequently discovered that the hydrogen 
peroxide fogging system was inadvertently left on the 
manual setting during the hatching period. The normal 
amount applied should be 15ml/hr of 3-5% hydrogen 
peroxide in the Chick Master hatchers. Inadvertently, 
the system was on continuous delivery for 17 hours, 
during which 15ml/min (900ml/hr) of hydrogen 
peroxide was applied. The system was turned off 12 
hours prior to pull time. The hatchability from the 
affected hatchers was 79.4% (average for that day was 
81.7%.) From the 45,360 eggs set, there were 645 
(1.42%) dead-on-the-tray and 325 (0.71%) poults were 
culled due to the eye lesion. Poults showing mild to 
moderate conjunctivitis were delivered to the field and 
there were no subsequent eye problems reported in the 
flock. 
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SUMMARY 

 
Broiler chicks were treated prophylactically with 

the soluble products from concanavalin A-stimulated 
T-lymphocytes from Eimeria tenella-infected chickens 

in order to investigate the effect of such prophylactic 
treatment on organ invasion by Salmonella enteritidis. 
Chicks were randomly assigned in three groups: group 
a) experimental group (S. enteritidis-infected, treated): 
at one day of age chicks were injected intraperitoneally 
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with E. tenella-immune lymphokines, and thirty 
minutes after the lymphokines injection all chicks were 
challenged per os with 105 colony-forming units of S. 
enteritidis; group b) positive control group (S. 
enteritidis-infected, not treated) and group c) the 
negative control group (S. enteritidis-not infected, not 
treated). At 24 hours post-challenge all chicks were 
humanely euthanized, and their liver, spleen and cecal 
tonsils collected. Isolation of S. enteritidis was 
attempted from these tissues. The treatment of chicks 
with lymphokines resulted in reduction of S. enteritidis 
isolation from liver-spleen (P<0.05) but not from cecal 
tonsils (P>0.05). These results demonstrate that the 
prophylactic treatment with E. tenella-immune 
lymphokines reduces the S. enteritidis organ invasion 
but not the intestinal colonization in neonatal broiler 
chicks. 

Previously it has been reported that the 
intraperitoneal prophylactic administration of soluble 
products from Con-A stimulated T-lymphocytes of 
Salmonella enterititidis-infected chickens (SE-ILK, S. 
enteritidis-immune lymphokines) is able to confer 
protection against S. enteritidis infection (5). However, 
SE-ILK can confer prophylactic protection against 
other nonspecific microorganisms antigenically 
different. In some studies, when SE-ILK was 
intraperitoneally administered to broilers (6) and 
Leghorn chicks (4) before challenge, they conferred 
protection against S. gallinarum and S. typhimurium, 
respectively. These data suggest that host-resistance 
mechanisms may be less dependent of specific 
response to antigen. To shown that lymphokines confer 
nonspecific protection, soluble products from Con-A 
stimulated T-lymphocytes of Eimeria tenella-infected 
chickens (ET-ILK, E. tenella-immune lymphokines) 
were administered in S. enteritidis susceptible chicks. 
The purpose of this paper was to evaluate nonspecific 
protection induced by ET-ILK against S. enteritidis 
organ invasion in neonatal broiler chicks. 
  

MATERIAL Y METHODS 
   

Inffective material. A strain of Mexican 
indigenous E. tenella (MOR-80-QRO) to obtain ET-
ILK was used. It was provided by Dr Moreno R. (DPA: 
Aves, FMVZ-UNAM). A primary poultry isolate of 
PT-13 S. enteritidis strain from the National Veterinary 
Services Laboratory, Ames, Iowa, was used for 
challenge. A stock solution of the appropriate 
bacterium (1 x 105 cfu/ml) was prepared.  

Lymphokines preparation. ET immune 
lymphokines were prepared as previously described by 
Kogut and Slajchert (1). 

Experimental design. One hundred and twenty 
chicks (Arbor Acres x Arbor Acres) at one day of age 
were used and randomly assigned in three groups of 40 

birds each, in electrically heated batteries located in 
isolation units. The experimental groups were: 1) 
negative group, 2) positive group and 3) experimental 
group. Chicks from experimental group were injected 
intraperitoneally with ET-ILK (0.5 ml). Thirty minutes 
after lymphokine injection, all birds were challenged 
with S. enteritidis (105 cfu). Chicks were killed and 
organs (liver, spleen and cecal tonsils) cultured for S. 
enteritidis at 24 hours post-challenge. Briefly, 
specimens of liver and spleen were collected 
aseptically and cultured separately from other organs. 
Organs were incubated for 24 hours at 37ºC in 
tetrathionate broth. After incubation, the broth was 
streaked on BGA plates, incubated for an additional 24 
hours at 37ºC, and examined for the presence of S. 
enteritidis colonies. Chi-square analysis (7) was used 
to determine significant differences between groups in 
S. enteritidis colonization rate. 

 
RESULTS 

 
A significant reduction (p<0.001) in the number of 

S. enteritidis-organ-culture positive chicks injected 
with ET-ILK was observed as compared with controls, 
although there were no significant differences 
(p>0.001) in the colonization rate of S. enteritidis in 
cecal tonsils between groups. 
 

DISCUSSION 
 

The purpose of the present study was to determine 
if the administration of avian lympokines (ET-ILK) can 
regulate the host response against a S. enteritidis 
challenge. The results here demonstrate that the 
prophylactic treatment of chickens with the soluble 
products from Con-A stimulated E- tenella-immune T-
cells can induce significant protection against infection 
with S. enteritidis as evidenced by a significant 
reduction in the number of S. enteritidis-organ culture 
positive chicks at one day post-challenge. Although the 
mechanism by which SE-ILK confers protection is 
presently unknown, it is possible that the major effector 
cell in protection of chicks is the polymorphonuclear 
cell (PMN). In studies by McGruder (2, 3) a marked 
granulocytophilia in the peripheral blood was observed 
within 4 hours following injection of SE-ILK. The 
factor (s) in SE-ILK and ET-ILK responsible for the 
increased resistance by PMN to S. enteritidis organ 
invasion have not been identified. It is postulated that 
at least one component may be a colony-stimulating 
factor (CSF), such as granulocyte-CFS, granulocyte-
macrophage-CFS, or multy-CFS. All three cytokines 
are known to induce an increase in the number of PMN 
in peripheral blood and infection places, as well as 
augment the PMN effector functions (2, 3). Further 
studies to purify and identify the effect lymphokines 
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are in progress. It might be worthwhile to study species 
specificity of the lymphokine-induced protection 
together with a systematic investigation into the 
mechanisms by which the lymphokines cause 
protection. 

 
REFERENCES    

 
1.  Kogut, M. H., T. Slajchert. T-Lymphocites 

confer protection in chickens against Eimeria tenella by 
production of lymphokines. Immunol. Infect. Dis. 
2:69-79. 1992.   

2.  McGruder, D.E., P. M. Ray, I. G. Tellez, M. H. 
Kogut, D. E. Corrier, J. R. DeLoach, B. M. Hargis. 
Salmonella enteritidis (SE) leucocyte-stimulated 
soluble factors: effects on increased resistance to 
Salmonella organ invasion in day old Leghorn chicks. 
P. Sci. 72:2264-2271. 1989. 

3.  McGruder, D. E., M. H. Kogut, D. E. Corrier, J. 
R. DeLoach, B. M. Hargis. Comparision of 

prophylactic efficacy of Salmonella enteritidis-immune 
lymphokines against Salmonella enteritidis organ 
invasion in neonatal Leghorn chicks. Avian Dis. 39:21-
27. 1995. 

4.  Ray, P. M., E. McGruder, M. H. Kogut, B. M. 
Hargis. The specificity of Salmonella enteritidis 
immune lymphokines and its protection against other 
Salmonella serovars in day old Leghorn chicks. J. 
Immunol. 150:315-320. 1993. 

5.  Téllez, I. G., M. H. Kogut, B. M. Hargis. 
Immunoprophylaxis of Salmonella enteritidis infection 
by lymphokines in Leghorn chicks. Avian Dis. 
37:1062-1070. 1993.  

6.  Wong, G. R. Inmunoprofilaxis mediante 
linfocinas aplicadas in ovo y en pollos de engorda 
contra la infección por Salmonella gallinarum (tesis de 
maestría). México (DF) México: Facultad de Medicina 
Veterinaria y Zootecnia. UNAM. 1996. 

7.  Zar, J. Bioestadistical analysis. 3rd ed. New 
Jersey:Prentice-Hall Inc. 1996. 

 
 

CARBOHYDRATE CELL RECEPTORS FOR ADHESINS OF 
HAEMOPHILUS PARAGALLINARUM 

 
R.P. FernándezA, S.A. SánchezA, and V.E. SorianoA, B 

 
ACentro de Investigación y Estudios Avanzados en Salud Animal, Facultad de Medicina Veterinaria y Zootecnia, 

Universidad Autónoma del Estado de México. Toluca 50000, México 
BDepartamento de Investigación y Desarrollo Avícola, Biosíntesis Laboratorios S.A., Toluca 50130, México 

 
The adherence of bacteria to mucosal surfaces is 

the initial event in the pathogenesis of most infectious 
diseases due to bacteria in animals and humans (1). 
The ability of bacteria to adhere to mucosal epithelium 
is dependent on the expression of adhesive molecules 
or structures, called adhesins, that allow attachment of 
the organisms to complementary molecules on mucosal 
surfaces, the receptors (2). Most of the Pasteurellaceae 
family organisms can employ multiple molecular 
mechanisms of adherence (or multiple adhesins) to 
initiate infection. Surprisingly, the receptors on host 
mucosal surfaces have yet been identified in very few 
cases (2). Carbohydrate cell receptors have been 
identified in most studies reported (4). The purpose of 
the present work was to determine the role of several 
carbohydrates and a glycoconjugate on the in vitro 
adherence ability of Haemophilus paragallinarum to 
chicken tracheal epithelial cells. 

Carbohydrates D-glucose, D-mannose, D-fructose, 
D-arabinose, D-rafinose, and glycoconjugate N-acetyl-
D-glucosamine were included in this study. H. 
paragallinarum bacteria were treated with 5 mg of 
each carbohydrate and glycoconjugate and in vitro 
adherence tests were carried out as previously reported 

(3). Bacteria adhered to thirty tracheal epithelial cells 
were counted and the adherence means compared by 
the Tukey test. 

Adhesion of H. paragallinarum to chicken 
tracheal epithelial cells was unaffected by D-maltose, 
D-rafinose, and N-acetyl-D-glucosamine (p>0.01). 
Adhesion was significantly reduced by D-glucose, D-
arabinose, and D-fructose. However, adhesion of 
bacteria treated with D-mannose was highly significant 
reduced (p<0.01). 

The inhibitory action of D-mannose, mainly, 
suggests that D-mannose residue constitutes at least 
part of the adhesin receptor for H. paragallinarum on 
chicken tracheal epithelial cells. 
 

REFERENCES 
 

1.  Beachey, E.H. Bacterial adherence: adhesin-
receptor interactions mediating the attachment of 
bacteria to mucosal surfaces. J. Infec. Dis. 143:325-
345. 1981. 

2.  Jacques, M., and S.E. Paradis. Adhesin-receptor 
interactions in Pasteurellaceae. FEMS Microbiol. 
22:45-59. 1998. 



 
 

 131 

3.  Fernández, R.P., G.A. García, G.P. Ochoa, and 
V.E. Soriano. Adherence of Haemophilus 
paragallinarum to chicken tracheal epithelial cells. 
Proc. 48th West. Poult. Dis. Conf., Vancouver, British 
Columbia, Canada. Pp.111-112. 1999. 

4.  Glorioso, J.C., G.W. Jones, H.G. Rush, L.J. 
Pentler, C.A. Darif, and J.E. Coward. Adhesion of type 
A Pasteurella multocida to rabbit pharyngeal cells and 
its possible role in rabbit respiratory tract infections. 
Infec. Immun. 35:1103-1109. 1982. 

 
 

RESISTANCE INCREASE IN LEGHORN CHICKS AGAINST A 
VELOGENIC STRAIN OF NEWCASTLE DISEASE VIRUS 

THROUGH LYMPHOKINES PROPHYLACTIC USE 
 

Julio C. Alfaro, Víctor M. Petrone, Guillermo Téllez, Rubén Merino, Tamas Fehervari, Felipa Galindo 
 

Departamento de Producción Animal: Aves, Facultad de Medicina Veterinaria y Zootecnia, Universidad Nacional 
Autónoma de México, 04510, México, D.F. 

 
SUMMARY 

 
One day old Leghorn chicks were prophylactically 

treated with lymphokines supernatants obtained from 
lymphocytes cultures proceeding from infected 
chickens with Salmonella enteritidis (SE-ILK, S. 
enteritidis-immune lymphokines). The objective of the 
current study was to investigate such treatment effect in 
the presence of an infection with the velogenic 
Chimalhuacan strain of Newcastle disease virus 
(NDV). Supernatants were obtained from splenic 
lymphocytes cultures of immunized chickens with 
three dosages of 108 ufc/ml of S. enteritidis and 
stimulated in vitro with concanavalin-A (7.5 µg/ml). 
Leghorn chicks were injected intraperitoneally with 0.5 
ml of SE-ILK at one-day old; thirty minutes later they 
were challenged with a dosage of 107.6 EID50/ml of 
NDV. Obtained results showed that SE-ILK 
administration was able to confer resistance to birds 
because: a) it significantly diminished infection 
severity by inhibiting appearance of clinical signs 
(p<0.001), lesions (p<0.005) and histopathological 
changes (p<0.005) suggesting Newcastle disease; b) it 
decreased NDV isolation rate from challenged bird 
organs (p<0.005); and c) it potentiated and even 
accelerated (p<0.005) primary response by antibodies 
in Leghorn chicks in the presence of a NDV infection.    

The role of cytokines in immune response includes 
intensity regulation in the inflammatory, cellular and 
humoral branches, and determination of the kind of 
response prevailing after challenge (2, 3). During the 
last 10 years, using experimental models both in vitro 
and in vivo, it has been demonstrated that a 
considerable number of factors produced by leukocytes 
is able to give protection against bird parasitic and 
bacterial diseases (4, 6, 7) Understanding birds’ 
lymphokines biological functions could allow their use 
to handle adequately the avian immune system in the 

presence of viral infections. In the current study it was 
analyzed the prophylactic treatment effect with 
lymphokines supernatant obtained from lymphocytes 
cultures originated from chickens infected with 
Salmonella enteritidis (SE-ILK, S. enteritidis-immune 
lymphokines) about infection severity produced by a 
velogenic NDV strain in Leghorn chicks having no 
immune experience with this agent. 

 
 

MATERIALS AND METHODS    
 

Bacterial inoculum. A primary poultry isolate of 
phagotype 13 S. enteritidis was used. A stock solution 
of the appropriate bacterium (1 x 109 cfu/ml) was 
prepared. 

Lymphokines preparation. SE immune 
lymphokines were prepared as previously described by 
Kogut and Slajchert (4), and Téllez et al (7).  

Viral inoculum. The velogenic Chimalhuacan 
strain of NDV used in this experiment was analyzed by 
determining the mean embryo infective dose (EID50). 
The titer was 107.6 EID50/ml. 

Experimental design. Two hundred one-day-old 
Leghorn chicks (ISA Babcock B300) were obtained 
from a light breeder flock whose immunization 
program did not include vaccination against Newcastle 
disease (ND). They were randomly placed in 5 groups 
of 40 birds each, in electrically heated batteries located 
in isolation units. The first group was treated with SE-
ILK but not challenged (SE-ILK); the second group 
was treated with SE-ILK and challenged (SE-
ILKVENC); the third group was treated with SNT and 
challenged (SNTVENC); the fourth group was non-
treated – challenged (NDV, positive control) and the 
fifth group was non-treated – non-challenged (negative 
control). Blood samples were obtained from five one-
day old chicks per group to get serum and determine 
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antibodies levels through a serologic test of 
hemagglutination inhibition. On that same day, 
Leghorn chicks of groups treated with SE-ILK were 
intraperitoneally injected with 0.5 ml. Similarly, NILK 
was injected to birds of the corresponding group. 
Chicks were challenged with a single dosage of NDV 
(107.6 DIEP50/0.1 ml/chick) 30 minutes after 
supernatant application. At 3-day old, 10 chicks of each 
group were sacrificed to carry out viral isolation [VI] 
(1) from organ samples (trachea, lung, brain and cecal 
tonsils). Samples from brain, spleen, thymus, bursa, 
cecal tonsils, proventriculus and trachea were taken 
from 2 birds per group for histological study. On the 
7th, 14th and 21st days blood samples were obtained 
from 5 birds per group to get serum and determine 
antibody levels, and 10 birds were sacrificed to carry 
out VI from organ samples. Organ samples were taken 
from 2 birds per group on each of these days for 
histological assessment. Observed pathologic changes 
during necropsy were reported. Clinical signs and/or 
mortality presentation were recorded daily. Chi-
squared statistical test was used to determine 
significant differences among groups regarding 
appearance of lesions, histological changes, and 
clinical signs (8). The Chi-squared statistical test was 
used to determine significant differences among groups 
regarding isolation rate of NDV from challenged birds 
(8). A logarithmic transformation was carried out with 
the obtained data and the antibodies titers geometric 
mean was obtained by group. Analysis of variance was 
applied to results using the general linear models 
procedure. Statistical differences of means among 
groups were specified using the Duncan's multiple 
range test (5).     
 

RESULTS 
 

Three birds (7.5%) of the SE-ILKNDV group 
presented torticollis and clonic convulsions, although 
there was no mortality. Clinical signs significant 
reduction (p< 0.001) was observed in the SE-ILKNDV 
group compared to the positive control group (Table 1). 
No pathological changes were observed in SE-ILKNDV 
group during experimental stage. Lesions inhibition in 
SE-ILKNDV group was significant (p< 0.001). No 
degenerative changes were observed in SE-ILKNDV 
group (p<0.001). In the SE-ILKNDV group a significant 
decrease was observed (p<0.005) in the number of 
chicks infected with NDV compared to positive control 
group. In the SE-ILKNDV group, 1 out of 40 chicks 
(7.5%) NDV was isolated. Serologic response to 
treatments with SE-ILK varied very much; this was 
higher in the SE-ILKNDV group compared with the 
remaining groups only during the first seven days 
postchallenge. It diminished remarkably after this day. 

In any case, the SE-ILKNDV group differed noticeably 
(p<0.05) in comparison with the rest of the groups.  
 

DISCUSSION    
 

According to obtained results in the current study, 
prophylactic therapy with SE-ILK can be able to 
remarkably decrease the clinical signs, gross lesions 
and mortality produced by a velogenic strain of 
Newcastle disease virus (VENC). Although other 
mechanisms have been considered for protection and 
prophylaxis against infectious diseases, bird cytokine 
use should be able to counteract and eliminate viral 
infections. Obtained results by VI thus show it; existing 
difference between SE-ILKNDV and positive control 
groups has been remarkable regarding the number of 
virus isolations from challenged Leghorn chicks. There 
are several strategies to regulate the humoral response 
against Newcastle disease virus (VENC) by means of 
the use of vaccines with active or inactive virus. 
However, results suggest that seroconversion could 
increase its potential with the SE-ILK treatment in 
infected chickens with NDV. Induced effect by the SE-
ILK prophylactic use included regulation in leukocytes 
proliferation and recruitment, observed by a quick 
accumulation of lymphoid cells in several organs; 
intensity regulation of humoral immune response, 
observed by antibodies titers increase in chicks treated 
with lymphokines and challenged; and, infection 
inhibition because virus isolation was not possible from 
tissues of chicks treated with SE-ILK. Existing balance 
among these activities was basically reflected in the 
absence of the disease. Due to this it can be concluded 
that prophylactic application of SE-ILK is able to 
decrease remarkably infection severity produced by a 
velogenic strain of NDV in Leghorn chicks.    
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INTRODUCTION 
 

Since 1974 (1) there is not scientific evidence of 
prevalence of Pasteurella haemolytica in poultry, 
whereas in field P. haemolytica isolations from birds 
with respiratory and production problems is 
continuous. In ruminants this microorganism is 
frequently associated with respiratory disease causing 
very serious problems. Studies for recognition of 
different strains of P. haemolytica have been based 
primarily on variances in utilization of certain 
substrates and by serological identification. For 
understanding and recognition of the role of P. 
haemolytica disease in poultry it is necessary to obtain 
the prevalence of this microorganism in the field and to 
implement special methodologies for identification of 
avian P. haemolytica species. 

The objective of this study was to differentiate 
isolates of P. haemolytica from birds with reproductive 
and/or respiratory problems in several regions in 
Mexico. 
 

MATERIAL AND METHODS 
 

Sixty-two isolates were obtained from breeders 
(n=9), broilers (n=2) and layers (n=51). These isolates 
were obtained from the trachea and palatine cleft; and 
some of them from ovary, heart, and lungs from birds 
with respiratory or reproductive problems in several 
regions of Mexico.  Bacterial isolates were propagated 
from preserved stocks in brain heart infusion broth 
(BHI) supplemented with 15% glycerol and stored in  –
70ºC. For biovariant isolates, identification was done 
according to Jaworski et al (2). 
 

RESULTS 
 

We identified 5 different biotypes 1, 2, 4, 7 and U 
corresponding to 24 biovariants.  According to Table 1, 
46% of biovariant obtained were biotype 4, 21% 
biotype 2, 17% biotype U, 8% biotype 1 and 8% 
biotype 7. Regarding most predominant biovariants, 
22% of isolates were biovariant 4BCDGSX, 14% 
biovariant 4CDGSX and 10% corresponding to biovariant 
4BCGSX. Biotypes isolated in Veracruz and Jalisco were 
4, 2 and U; in Yucatan 4 and 2; Puebla 1, 4 and 7; 
Nuevo Leon biotype 4; and Queretaro biotypes 1 and 4. 

 P. haemolytica was isolated in broilers in some 
occasions with respiratory problems associated with 
other viral agents (Fowl Pox). In breeders and layers, 
P. haemolytica was isolated during decrease of 
production period with such clinical signs and lesions 
as anorexia, peritonitis, hepatitis, severe nephritis, 
dehydration, and arthritis. No other pathogens were 
found different than P. haemolytica.  

We serotyped isolates according to G. Frank 
methodology (3) using bovine reagents, but results 
were inconsistent. For this reason we are elaborating 
with each different avian biotype-specific antiserum in 
rabbits to obtain better correlation between serotype 
and biotype. 
 

DISCUSSION 
 

According to our results, prevalence of P. 
haemolytica was in the central and south regions of 
Mexico, with exception of Nuevo Leon state, located in 
the north of the country. These results suggest that 
weather conditions could have an important 
significance in the disease because this organism was 
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isolated most frequently in hot and hot-humid regions. 
On other hand, the lack of isolations in other regions 
could be due to absence of diagnostic focus for 
Pasteurella haemolytica. 

It seems that layers (82%) are the highest 
susceptible species to this problem, followed by 
breeders (14%) and the last one broilers with 4%. 
These results suggest a more predominant reproductive 
problem. 

Most biotypes found were 2 and 4 (T Biotype), 
which is similar as in ruminants P. haemolytica 
pathogens (1, 4, 5).  A careful diagnostic analysis of 
birds with this kind of problem should play a 
primordial role in knowledge of disease and 
establishment of P. haemolytica as a primary potential 
pathogen.

  
Table 1. P. haemolytica biovariants isolated in several regions of Mexico 

 
Biovariant 

Avian species Mexican Region Total 
Breeders Broilers Layers 

1α 2  2 Queretaro, Puebla 4 
1βα   1 Puebla 1 

2BCDGSX   3 Puebla, Jalisco 3 
2CDEGSX 1   Veracruz 1 
2CGSX   4 Puebla, Edo. Mexico, Jalisco, 

Yucatan 
4 

2CEGSX 1   Veracruz 1 
2CGSX 1   Veracruz 1 

4BCDESX   1 Edo. Mexico 1 
4BCDGSX   14 Jalisco, Edo. Mexico, Yucatan, 

Puebla, Queretaro 
14 

4BCDSX   3 Yucatan, Puebla 3 
4BCEGSX   1 Yucatan 1 
4BCGSX   6 Yucatan 6 
4CDEGSX   1 Yucatan 1 
4CDGS   3 Yucatan, Puebla 3 
4CDGSX 3 1 5 Yucatan, Veracruz, Queretaro, 

Nuevo Leon 
9 

4CDGXO   1 Yucatan 1 
4CGS   1 Puebla 1 

           4CX 1   Veracruz 1 
7BD   1 Puebla 1 
7D   1 Puebla 1 

UBRα   1 Jalisco 1 
URα  1  Veracruz 1 
URαβ   1 Puebla 1 
URXαβ   1 Puebla 1 
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Avian pneumovirus (APV) is a cause of mild to 
severe respiratory disease in turkeys.  It has been found 
in the U.S.A. since 1987 when workers at the National 
Veterinary Services Laboratories (NVSL) detected it in 
turkeys from Colorado, where a respiratory condition 
characterized by coughing, rhinitis and sinusitus had 
been seen since 1986.  In Minnesota a similar condition 
had gone undiagnosed since February of 1986, and in 
the spring of 1987 NVSL, using the Colorado isolate as 
the ELISA antigen, demonstrated ELISA antibodies in 
Minnesota turkeys. 

The virus has continued to affect Minnesota 
turkeys since that time.  Prevalence studies by the 
Minnesota Board of Animal Health have shown that 
about 35% of Minnesota turkey flocks each year have 
been sero-positive for APV.  These prevalence studies 
have shown a correlation of disease incidence and 
turkey density; the highest density counties have the 
most APV.  In addition we have been able to detect a 
correlation between APV infection at the farm and the 
location where the turkeys are processed. 

Research has pointed to wild birds as being one 
reservoir of APV, and field reports substantiate that in 
some cases there has been clear wild bird exposure 
prior to an outbreak of APV infection.  However, by 
and large, the source of APV seems to be inexplicable.  
In the field we have documented that flocks that 
recover from APV infection can later become APV 

positive by PCR.  Whether or not this indicates the 
presence of infectious virus is not known.  Certainly 
such a question must be answered in order for us to 
understand whether recovered flocks are a reservoir of 
APV. 

In Minnesota APV is seen most often in the spring 
and fall and it has been seen as early as five days of 
age.  Possible reasons for the peak incidence in spring 
and fall include wild bird activity, general farming 
activity and the impact of external environmental 
changes on the turkeys.  In Minnesota APV has not 
been seen in broilers or layers, although broilers have 
been experimentally infected. 

Current control strategies include biosecurity and 
"controlled exposure".  Evidence that biosecurity is 
successful can be found in the failure of APV to 
establish itself outside the high-density turkey 
production area in central Minnesota.  Although the 
virus has been detected in other parts of the state and 
even in North and South Dakota, these areas have 
successfully eliminated it.  Evidence that biosecurity is 
not successful can be found in the failure to eradicate 
APV from that high-density turkey production area. 

"Controlled exposure" with a high tissue culture 
passage virus administered early in life has resulted in 
reduced APV-associated economic losses to the 
producer and processor. 
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ABSTRACT 
 

The importance of the immune response mediated 
by cells in Eimeria tenella (E. tenella) infections, has 
been widely demonstrated. However, the behavior of 
the polymorphonuclear leukocytes in these parasitisms 
has not been well studied. Forty-eight 1-day-old male 
and female broiler baby chicks were used in this trial 

plus 5 more so that way a bacteriological sampling 
could be performed. The birds were assigned to 4 
groups of 12 chickens each: 1) control, 2) treated with 
200mg / kg of body weight of 5-fluorouracil (5-FU) as 
a single dose, 3) infected with 5,000 E. tenella 
sporulated oocysts and 4) treated with 5-FU and 
infected with E. tenella. The 5-FU was administered 
intravenously at the 17th day of age, 2 days later, the 
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birds were infected with E. tenella. A blood sample 
was taken from 10 birds of each group at 1,3,5,7,8 and 
9 days after 5-FU treatment to obtain the 
polymorphonuclear leukocytes / total leukocytes ratio 
(PMN/LT). Nine birds of each group were slaughtered 
7 days post infection with E. tenella to value the degree 
of cecal lesions and the numbers of oocysts in the ceca. 
The PMN/LT ratios were similar among groups 2 and 
4. A significant reduction was observed (P<0.05) on 
PMN/LT ratios of days 7 through 9 PI in the birds 
treated with 5-FU. The group that was infected only 
with the parasite, showed a biphasic increase on the 
PMN/LT ratios (P<0.05) at days 1 and 6 post 
inoculation; in comparison with the control group 
which could be related with the liberation of the 
sporozoites from the oocyst for searching a host cell 
and with a great release of antigenic material that goes 
with a big tissue damage respectively. The final 
number of oocysts in the group treated with 5-FU and 
infected with the parasite, was highly significant (P= 
1.611 e-07) and the degree of cecal lesions was higher 
in comparison with the birds that were only infected. 
These results show that although the PMN presence is 
not very important on E. tenella infections, they do 
participate in primary infections and their absence 
enables the parasite reproduction in the host and that 
suggests that the PMN/LT increased ratios could be 
related with the phagocytosis of the asexual and 
extracellular stages. 

 
INTRODUCTION 

 
To study the PMN indirectly during coccidia 

infections, 5-fluorouracil (5-FU) was used in this trial. 
The 5-FU inducts reversible myeloid suppression on 
mice mainly on PMN (14). Likewise, Kogut et al. 
reported a temporary granulocytopenia in Leghorn 
chickens after treatment with 5-FU (7). This trial 
intends to contribute information regarding the 
behavior of sanguineous PMN during the primary 
infection with E. tenella, to show if the presence of this 
parasite induces some response from the circulating 
PMN in control birds, and to determine if the infection 
is more severe in birds with granulocytopenia. 
 

MATERIALS AND METHODS 
 

Experimental animals. Fifty-three 1-day-old 
chicks were mixed-breed, they came from a 
commercial hatchery and were maintained in battery 
cages (Petersime Brood-Unit) in one experimental unit 
from the DPA: Aves, FMVZ; UNAM.  All birds were 
fed with balanced non-medicated feed and water ad 
libitum. 

Eimeria tenella inocula. A moderately pathogenic 
E. tenella field strain (MOR-80) was used. The oocysts 

were sporulated and stored as described by Long et al. 
(10). The inoculum was counted with a hemocytometer 
(16), and 5,000 sporulated oocysts were given orally in 
a 2 ml volume using a cannula. The control birds were 
inoculated with sterile phosphate buffered saline 
solution (PBS).  

5-Fluorouracil. The 5-FU (Roche, S.A. de C.V., 
03310) was administered as a single dose of 200 mg / 
kg of body weight in the jugular vein of each bird at 17 
days of age, the control birds received the same volume 
of sterile PBS (pH 7.4). 

Hematology.  A blood sample was taken from the 
brachial vein in 10 birds of each group. Sample 
collections were performed at the same time in each 
day and in the same order. 

Total leukocyte count (TNL). From each bird, 
0.1 ml of blood was poured in a vial containing 1.9 ml 
of Natt and Henrick diluent previously prepared, both 
were blended softly to obtain a 1:20 dilution (13). TNL 
was made as described by Terry (19), using a 
hemocytometer and the formula:  TNL/µl=(total 
leukocytes in 9 squares x 1.1) x 20 

Differential leukocyte count. At the same time 
the samples were taken for the total leukocyte count, 
one drop of blood was collected and a blood smear was 
made from each bird. It was then stained with Wright's 
stain. From a total of 100 cells of each smear, the 
differential count between mononuclear and 
polymorphonuclear cells was realized (11, 18).  

Polymorphonuclear cells / leukocytes ratio. 
(PMN/LT)  In each count, the PMN/LT was determined 
dividing the total number or polymorphonuclear 
leukocytes between the total number of leukocytes per 
µl of blood per chicken. 

Evaluation of the degree of macroscopic cecal 
lesions. It was performed following the Johnson and 
Reid scale  (5). 

Cecal oocysts count. The ceca of 9 birds were 
settled in 3 subgroups, each one was weighed and 
macerated in 20 ml of potassium dichromate (2.5%). 
From this blend 2 ml, were taken and resuspended in 
30 ml of potassium dichromate (2.5%) in a flask. The 
oocysts were counted using a hemocytometer (6, 18). 
The average number of oocysts per subgroup was 
obtained from 6 counts. In each one the oocysts were 
counted (ON) from the four squares of the corners and 
the one in the middle of each of the two chamber cells.   

Experimental design. At one day of age a 
bacteriological sampling was performed from the feed, 
layer from the cages, liver and yolk sac from 5 
chickens chose randomly; also, a flotation test was 
made from feces at day 14 to discard the coccidia 
presence and at day 15 the birds were randomly 
distributed and a treatment with 12 chickens each: 1) 
group control, 2) 5-FU, 3) E. tenella, 4) 5-FU / E. 
tenella. The 5-FU was at 17 days of age; 2 days later, 
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the birds from groups 3 and 4 were challenged orally 
with E. tenella. At 1, 3, 5, 7, 8 and 9 days PT with 5-
FU 10 birds from each group were sampled to perform 
the total and differential leukocyte count. Nine birds 
from each group were slaughtered 7 days post 
infection. The degree of severity of cecal lesions was 
assessed in one cecum of each bird, whereas from the 
other cecum and its content the oocyst amount was 
determined. 

Statistical analysis. To determine differences 
among the PMN/LT ratios, a variance analysis was 
performed. The significant differences between the 
mean of each treatment were assessed by the Dunnett 
multiple test using the statistical software S.A.S. (12). 
The differences on the amount of oocysts in ceca, as 
the severity degree of cecal lesions of the groups 
infected with E. tenella after the treatment with 5-FU 
in comparison with the groups that were only infected 
with the parasite, were analyzed by using the Kruskall-
Wallis test. The Mann-Whitney U test was performed 
to determine differences between the median of each 
group (21). 
 

RESULTS 
 

The isolation from the bacteriologic assay that was 
performed on the day in which the birds arrived was 
negative. In the two groups treated with 5-FU, the 
PMN/LT ratios had the same performance, 3 days PT 
an increase on the PMN/LT ratio was observed and 
turned to normal levels on day 5 and diminished until 
days 8 and 9 PT when the lowest levels were 
registered.  In a previous study, the same performance 
was observed, since the 10th day PT the PMN/LT ratios 
began to recover and turned to normal levels until the 
12th day PT in comparison with the control group. The 
means from the PMN/LT ratios that belong to the group 
which was infected only with E. tenella showed a 
biphasic increase (P<0.05) at days 1 and 6 after the 
infection with the parasite in comparison with the 
control group (Figure 1). In the two groups that were 
not infected with the parasite, neither cecal lesions nor 
oocysts were found in any of the samples, while in the 
birds treated with 5-FU and infected with E. tenella, a 
significantly higher (P=1.611-7, U= 324) amount of 
oocysts was found in the ceca and in its content in 
comparison with the group that was infected only with 
the parasite (Figure 2). No statistical differences were 
found regarding the degree of severity of cecal lesions 
of birds infected PT with 5-FU in comparison with the 
birds that were infected only with E. tenella. 

DISCUSSION AND CONCLUSIONS 
 

LT levels, likewise the PMN levels in the control 
groups coincide with reference values (17). At day 3 

PT an increase in PMN/LT ratios was observed but only 
in the groups treated with 5-FU. That is why this effect 
is attributed to the drug. At day 5 PT the PMN/LT 
ratios diminished, and continued falling until reaching 
the lowest levels at days 8 and 9 PT. At day 10 PT the 
drug's effect stops and the PMN blood levels begin to 
restore until day 12 PT (4). These results match with 
those of Donowitz and Quesenberry (1986); and 
Yaeger et al. (1983) who reported that 5-FU reduces 
the amount of precursor granulocyte cells in a 
transitory way on mice (3, 20). Kogut et al. (1994) 
reported likewise in Leghorn chickens. Besides they 
report that the presence of the parasite is not capable of 
stimulate the PMN production by the progenitor cells 
that are under the drug's effect, different from what was 
observed in the groups infected only with E. tenella, a 
biphasic increase on PMN/LT ratios at days 1 and 6 
post infection in comparison with the control group. 
Rose et al., (1979) observed a leukocyte increase in 
peripheral blood at 3 and 10 days; and 6 and 13 days 
post infection in chickens and rats infected with E. 
maxima and E. neschulzi, respectively (16). The PMN 
increase observed in this trial can be associated with 
the E. tenella life cycle specifically at the moment 
when the sporozoites are delivered from the oocyst and 
invade the host cell (day 1) and at the moment when 
the second generation of merozoites are delivered from 
the host cells (day 6).  This is the most pathogenic 
stage of the E. tenella life cycle that goes with severe 
tissue damage and bacterial invasion and with it, the 
PMN mobilization to the site of the infection (1). 
However, this increase of PMN could be a resource to 
promote contact between the effector host cells and the 
parasite.  In the group treated with 5-FU, a higher 
oocyst production was observed in comparison with the 
control group; nevertheless, when the parasite is 
inoculated 2 days after the treatment with 5-FU, 
coincides with the moment of lowest circulating PMN 
and possibly in the infection site; which may enable the 
subsistence and conclusion of the parasite's lifecycle. A 
significant difference was not observed on the severity 
of lesions among the two infected groups, possibly 
because we're talking about a less sensible parameter 
than the oocyst production.  When the amount of PMN 
diminishes in blood and possibly in the infected tissues, 
the severity degree of cecal lesions is not reduced so 
that is why it is suggested that these cells are not 
directly involved with tissue damage and the 
participation of other cells like: T cytotoxic 
lymphocytes (LCD8), who destroy the infected cells 
(9); T cooperative lymphocytes (LCD4); natural killer 
cells (NK), likewise soluble factors such as IL-1 and 
IFN-γ (2); and TNF-α(15) could be more relevant in 
the appearance of lesions. 
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Millions of tons of poultry manure are produced in 

the USA every year.  Poultry litter is used widely as a 
soil amendment, fertilizer or as animal feed. Microbial 
safety of animal wastes has become a concern due to 
fears that these products may act as a conduit for the 
entry of pathogens into the human food chain.  We 
have extensively monitored the temperature (heating) 
profiles of 5 to 8 ton stacks of poultry litter that were 
not turned or aerated, over time.  In addition we 

measured water activity, pH and % moisture as 
elements that may drive the temperature dynamics 
within a litter stack.  The survival of bacterial 
pathogens (E. coli, Salmonella, Campylobacter) were 
measured.  The findings of this study may have 
significant impact on how and when litter stacks are 
monitored for microbial safety and may be used to by 
producers in developing nutrient management plans.    
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Figure 1. Polymorphonuclear leukocytes / total leukocytes (PMN/ LT) ratio in peripheral blood of broilers infected 
with E. tenella 2 days after 200 mg / body weight of 5 fluororacil administration. PMN/ LT shown are the means 
from 10 chickens by group by day. *= Significance (P<0.05) in comparison with the control group.   
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Figure 2. Cecal oocyst production in infected broilers with 5,000 E. tenella sporulated oocyst 2 days after intravenously administration of 200 
mg / kg body weight of 5 fluorouracil. The data show the means from 9 birds by group. *=Significance (P =1.616-7). 
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MATERIALS AND METHODS 
 

The temperature profile i.e., changes in 
temperature over time and the physical parameters, 
water activity (Aw), pH, and moisture content (% dry 
matter, DM) were intensively monitored for six, 5 to 8 
ton stacks of poultry litter from broiler chicken 
facilities.  Piles were not turned or aerated after being 
delivered and instrumented with continuous 
temperature probes.  In addition to continuous probes, 
manual temperatures were recorded daily at 1 foot to 5 
foot depths at a height of 2' from the base of the pile 
(ground level).  The survival of Campylobacter, 
Escherichia coli and Salmonella, inoculated into 3 
piles was measured by repeated sampling and culture 
over time.    

Two predictive models were generated from the 
raw data to look at, 1) the effect of the pile on the 
temperature profile (i.e. changes in temperature over 
time), and 2) the effect of the physical parameters 
measured (pH, water activity (Aw), % moisture (DM)) 
on the temperature profile of the pile.   
 

RESULTS AND DISCUSSION 
 

Five of 6 piles reached similar average 
temperatures of 120 to 155 o F, but one pile that was 
dryer and contained less manure was cooler on arrival 
and throughout the testing period.  Individual points 
within piles reached temperatures greater than 170 o F.  
Piles originating from different locations showed a 
uniform and parallel increase in temperature over time, 
when measured at a fixed depth and height, 36" and 
12", respectively.  Temperatures peaked between 2 and 
10 days after stacking and declined slowly over the 
next 10 days.  Measuring the pile at incremental depths 
and heights revealed that areas near the surface heated 
more rapidly than the deeper portions of the pile.  The 
maximum temperatures generated in the deeper 
portions of the pile (5' depths) occurred 5 to 7 days 
after stacking.  Also positively correlated with 
temperature was the height of the measurement from 
the base of the pile. Temperatures measured near 
ground level were approximately 5 degrees cooler than 

temperatures measured at a height of 3 feet from the 
base of the pile at any point in time (with depth held 
constant at 3 feet).  This means that minimal "safe" 
temperatures, those necessary to kill microbial 
pathogens, are depth dependent.  And, management 
guidelines would need to specify the time since 
stacking and the height and depth at which the 
measurements should be made.     

The pH of the litter piles increased for 7 to 10 days 
after stacking, then decreased, probably due to early 
volatilization of nitrogen as ammonia.  Litter piles with 
high pH (basic) generated more heat than acidic piles.  
A 5o C difference was observed between piles with 
neutral to acidic pH versus those with basic pH at any 
point in time.  Based on this data, litter treatments that 
lower pH may also affect the heating process of 
stacked litter.   

The parameter with the greatest single influence on 
the temperature profile of stacked poultry litter in our 
model was Aw.  Our model predicts that litter piles 
with higher Aw will be 20o C hotter than those with 
low water activity.  Thus a producer could adjust the 
moisture of poultry litter before stacking to improve 
heating. Bacterial survival in stacked litter was poor.  
The maximum time after inoculation that bacteria were 
recovered was 2 h for Campylobacter, 32 h for E. coli 
and 28 h for Salmonella.  Given the sensitivity of our 
testing these data roughly correspond to a 4 to 6 log 
reduction in Salmonella within 28 h; a 5 log reduction 
in E. coli within 32 h, and a 2 to 3 log reduction in 
Campylobacter in 2 h p.i.   

The information from this study should be useful 
to poultry growers that wish to develop on-farm, good 
management practices for microbial safety of stacked 
poultry litter.  In addition, this information can be used 
as a marketing tool for producers supplying litter for 
crop application and may be used to guide the 
formulation or revision of regulatory policies for 
agricultural use of poultry litter. 
 
(This research was funded by the United States Poultry 
& Egg Association. A full-length article is being 
prepared for publication in Poultry Science) 
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SUMMARY 
 

Protection in broilers against Newcastle Disease 
virus (NDV) is highly related with both maternal 
antibodies level and field challenge. NDV vaccination 
must consider chick’s age and vaccine dose. One 
concentrated oil vaccine was applied in chickens of 
different ages, in order to establish its protection level 
against Chimalhuacan strain, a native velogenic NDV. 
Two challenges at time of NDV booster were carried 
out. Three hundred and sixty broiler chicks were 
randomized into 8 groups, 45 chicks each. In first 
vaccination program two groups were immunized at 
one-day-old with experimental (0.1 ml dose) or 
commercial (0.3 ml dose) oil vaccines. In second 
vaccination program two groups were immunized at 
eight-days-old, with experimental (0.1 ml) or 
commercial (0.5 ml) oil vaccines. First immunized 
groups were challenged 21 days post vaccination. 
Second immunized groups were challenged 28 days 
post vaccination. Each challenge included positive and 
negative control groups. Results showed that oil 
concentrated vaccine was not able to induce protecting 
antibodies against NDV pathogenic strain challenge. 
Both commercial vaccines showed well performance. 
These findings reinforce the fact that in protection 
against NDV pathogenic strain, care must be taken 
when applying any oil concentrated vaccine. 

Newcastle Disease Virus (NDV) is very 
contagious and produces large economic losses in the 
poultry industry (1). In Mexico there is a NDV 
eradication program. Biosecurity has not been efficient 
in NDV control. Broiler production time is short and is 
very important to get a good early protection. While 
early protection in broilers against NDV is highly 
related with maternal antibodies level and field 
challenge, the NDV vaccination should consider 
chicken age and vaccine dose (2,3). Nowadays, oil 
emulsion vaccines are applied when chicks are too 
young, and vaccine dose becomes a problem (2,5).  
The objective of this study was to evaluate one 
concentrated oil vaccine applied in chickens of 
different ages, in order to establish the protection level 
against pathogenic virus challenge (Chimalhuacan 
strain), a Mexican enzootic velogenic NDV strain. 
 

MATERIAL AND METHODS 
 

Chickens. Arbor acres x Arbor acres broilers from 
a single hatchery were used. Four commercial flocks 
(7,500 chicks each) were placed on separate poultry 
houses (Table 1). From each flock, 45 birds (three 
trials, 15 chicks each) were randomly chosen as the 
treatment group, wing banded, and taken back in the 
original flock, they were identified as groups A, B, C 
and D. Positive and negative control birds were 
hatched from the same hatchery, before challenge. 
They were provisionally raised in an area where birds 
were not vaccinated for NDV. All chicks were 
vaccinated with turkey herpesvirus and SB-1 Marek´s 
disease virus at hatching, and Massachusetts infectious 
bronchitis virus at 1-day-old. 

Vaccines. One experimental NDV vaccine and 
two commercial NDV vaccines were used in this 
experiment. 

Serology. Fifteen birds by group were bled every 
week before and after vaccination. Inhibition 
hemagglutination (IH) test was carried out in order to 
evaluate serum samples (4). Results were record as 
geometrical media titer (GMT) by group, and 
expressed as logarithm to base two (Log2). 

Experimental design. Vaccination programs were 
as follows, group A was vaccinated simultaneously at 
one day old with subcutaneous concentrated oil vaccine  
(0.1 ml, vaccine 1) and spray NDV  (B1 strain), this 
group was boosted with NDV La Sota strain by 
drinking water at 21days old. Group B was vaccinated 
simultaneously at one-day with subcutaneous oil 
vaccine (0.3 ml, vaccine 2) and spray NDV (B1 strain), 
this group was boosted by drinking water with NDV La 
Sota strain at 21-day-old. Group C was vaccinated 
simultaneously at eight days old with subcutaneous oil 
vaccine (0.5 ml, vaccine 3) and spray NDV (B1 strain), 
this group was boosted by drinking water with NDV La 
Sota strain at 28-day-old. Group D was vaccinated 
simultaneously with subcutaneous concentrated oil 
vaccine (0.1 ml, vaccine 1) and spray NDV (B1 strain) 
at eight-day, this group was boosted by drinking water 
with NDV La Sota strain at 28-day-old (5). 

Challenge. Previously wing banded chickens were 
transported from experimental farms to a temperature, 
light, and traffic controlled isolation facility, two weeks 
post oil vaccination. At 21 days old, A and B groups 
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were challenged intramuscularly (IM) with NDV 
Chimalhuacan strain at 0.2 ml of 106 embryo infective 
dose50 (EID50) (FMVZ-UNAM). At 28 days old, 
groups C and D were IM challenged with similar 
inoculum (106 EID50). All groups were challenged 
again at 56 days old (Table 1). Every challenge 
included one unvaccinated and challenged group 
(positive) and one unvaccinated and unchallenged 
group (negative). All birds were monitored twice daily 
for clinical signs. Necropsies were performed on died 
birds from challenge; surviving chickens were 
euthanatized and necropsied at 15 days post challenge. 
Gross lesions were recorded. 

Statistical analysis. Serologic titers induction 
were separated by one-way analysis of variance 
(ANOVA) followed by Duncan´s multiple range test, 
to separate significantly different GMT, with a 
significance level of 0.05. Data are reported as GMT 
and standard error of the mean. Mortality percentages 
were compared with Chi-squared test (P<0.01) (7). 
 

RESULTS 
 

Experimental groups vaccinated with three oil 
vaccines showed different serologic titers during all 
serologic evaluation. At 1-day-old, group A immunized 
with vaccine 1 (0.1 ml) had a 6.21 Log2 titer, similar to 
others groups. At seven days old, group A titer was 
different (P<0.05) from B and C groups; but was not 
different with group D (0.1 ml) titer (Table 2). At 14 
days old, antibodies titers of all groups dropped. 
However, there was no difference between B and C 
groups, but both groups were different  (P<0.05) from 
A and D groups (vaccine 1). At 21 days old, serologic 
titer from group A was lower when compared with 
other groups, and during all experiment (Table 2). 
Titers from group C were higher (P<0.05) than B (0.3 
ml) and D groups. Titers from A and D groups at 28 
days old were different (P<0.05) from B (0.3 ml) and C 
(0.5 ml) groups. At 35 days old, after two weeks of 
booster with La Sota strain, group A obtained a 
protective serologic level. Birds from group D acquired 
this status one week later of booster with La Sota strain 
(Table 2). At 42 days old group C had higher titers than 
group D. At 49 days old there were no differences 
between groups. At last day, all groups showed 
protective titers. Although, only group A titer was 
different from group B titer (Table 2). Vaccine 1 (0.1 
ml) used in group A did not provide protection against 
challenge at 21 days, and showed 62.22 % of mortality 
(Table 3). Group B had only 6.66 % of mortality and 
was statistically different (P<0.01) from positive 
control group. C and D groups challenged at 28 days 
old had 4.4 % and 6.6 % of mortality respectively, and 
were different  (P<0.05) from positive control group 

(Table 3).  All birds were able against pathogenic strain 
when challenged at 56 days old (Table 3). 

DISCUSSION 
 

In this experiment, vaccines 2 and 3 provided 
better protection than vaccine 1. Oil concentrated 
vaccine did not provide protection when applied in 
either 1 or 8 days old chicks. In this study maternal 
antibodies against NDV in serum at 1 day old were 
high. This fact affects vaccination programs at 1 day 
old (2,4,5,6). Vaccine 2 (0.3 ml) used in B group at 1-
day-old, had better performance than vaccine 1 (0.1 
ml) in A group. Failure in antibody induction in A 
group at 21days old was clear. At this time, group A 
showed the lowest antibody titer. At three weeks old, 
the field flocks must have at least 90% protection 
against NDV pathogenic strain. However, at this age 
group A had high mortality. Group A showed 
protective titers only at 35 days old, two weeks after 
booster with La Sota strain. Groups A and D showed 
high titers in response to booster, because both groups 
had not well first immunization to make softer the La 
Sota strain post vaccination reaction. Group C and D 
had different serologic and protection performance. 
This difference is explained by one of these factors, oil 
concentrated vaccine or oil standard vaccine 
application (2,5). Titers in group C were highest during 
almost all serologic evaluation; although the titers from 
group B boosted with La Sota strain one week before 
than group C were higher at final of serologic 
evaluation (49 and 56 days old) (2). Both vaccination 
programs showed well protection during all broiler 
raising. Vaccination program from group C is 
frequently used in Mexico (5) because produces high 
protective antibody titers all time. Group B had 6.66% 
of mortality at 21 day old-challenge; however this 
group showed well performance during all serologic 
evaluation. This immunization program is a very good 
alternative for 1-day-old chicks that show low sera 
antibodies level. Vaccination failure in group A and D 
was observed even when chicks were simultaneously 
vaccinated at 1 and 8 day old (oil and B1 vaccines). 
Allan (2) has considered IM challenge for systemic 
viral replication evaluation. B1 strain replicates in 
tracheal epithelium where induce well local protection, 
but restricted systemic protection. Otherwise, the low 
antigen concentration in vaccine 1 (0.1 ml) was not 
adequate to induce protective antibodies under field 
conditions. Vaccination equipment is used to apply 
large oil vaccine volume (0.5 ml). If oil concentrated 
vaccine (0.1 ml) is applied with the same needles, it is 
possible that oil concentrated vaccine wring out around 
injected site. These findings reinforce the fact that in 
protection against NDV pathogenic strain; care should 
be taken when applying any oil concentrated vaccine. 
All available oil vaccines against NDV should provide 
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protection during all broiler production period. It is 
very important in endemic regions, as some states from 
Mexico and other countries. Uniformity and antigen 
concentration per dose, and whole flock immunization 
are important to prevent susceptible population to NDV 
field pathogenic strain. If high sera antibodies are 
found at first day is commendable to use C 
immunization program, but, when titers were lower 
could be better program B. Oil concentrated vaccine 
application at any age could not avoid a field outbreak. 
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Table 1. Treatments used in this experiment and oil vaccine assignment per groups. 

Group 
designation 

Vaccine  
number. 

Vaccination  
Day 

Booster day 
 La Sota strain 

Challenge day 
 Chimalhuacan strain 

Birds per  
house 

A 1  (0.1 ml) 1-day-old 21-day-old 21 and 56-day-old 7,500 
B 2  (0.3 ml) 1-day-old 21-day-old 21 and 56-day-old 7,500 
C 3  (0.5 ml) 8-day-old 28-day-old 28 and 56-day-old 7,500 
D 1  (0.1 ml) 8-day-old 28-day-old 28 and 56-day-old 7,500 

 
Table 2. Results of serologic evaluation titers obtained from groups vaccinated with three different volume oil 
vaccines. 

Groups 1 Day 7 Day 14 Day 21 Day 28 Day 35 Day 42 Day 49 Day  56 Day 

A    6.21*  
± 1.80 a 

   2.42   
±  1.25   c 

   1.53 
±  1.03   c 

1.06 
±  0.54   c 

1.60  
±  1.18   b 

5.66  
±  1.75  a 

 5.73 
± 1.03  ab 

 5.70 
±   1.48   a 

 4.80 
±   0.94  b 

B    6.21  
± 1.80 a 

4.72  
±  0.93   a 

2.80  
±   1.25   a 

2.06 
±   0.79   b 

4.60   
±   1.54  a 

 5.73  
±   0.59  a 

5.93 
±  0.59  ab 

5.93 
±  0.59   a 

5.80 
±   0.94  a 

C    6.21  
± 1.80 a 

3.23 
±  1.07   b 

2.96 
±   0.62   a 

3.13   
±    0.83  a 

4.06 
 ±  0.96   a 

6.00 
±   1.19   a 

6.13 
±  1.40   a 

5.60  
±   0.48   a 

5.20 
±  1.20  ab 

D    6.21  
± 1.80 a 

2.75  
±  1.06 bc 

2.11 
±   1.32   b 

2.13 
±   0.51  b 

1.53  
±   0.63   b 

5.26 
 ±   0.88  a 

5.26 
 ±  0.45   b 

5.40 
±   0.82   a 

5.33 
±  1.29  ab 

*Geometrical media titer expressed in logarithm to base two (±SME) with different lowercase superscripts indicate 
different statistical difference (P<0.05) 
 
Table 3. Results of challenge with one Newcastle disease virus pathogenic strain (Chimalhuacan) after vaccinations. 

Group 
designation 

 21 day challenged  28 day challenged  56 day challenged 

A 62.22%*  b  - 0.00%      b  
B 6.66%     c  - 0.00%      b  
C - 4.44%       b  0.00%      b  
D - 6.66%       b  0.00%      b  

Positive control 100.00%  a  100.00%   a  93.33%    a  
Negative control 0.00%      c  0.00%       b  0.00%      b  

*Mortality percentage with different lowercase superscripts indicates different statistical difference (P<0.01) 
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Respiratory diseases multiplex RT-PCR was 
developed and optimized to identify six major avian 
respiratory pathogens in our laboratory. In this study, 
twenty-eight 4 week-old Specific-Pathogen-Free White 
Leghorn Chickens were divided into 7 groups, each 
group containing 3 chickens. The following respiratory 
pathogens were used to inoculate the chickens; 
Infectious bronchitis virus (IBV) Mass41 (group 1), 
Infectious laryngotracheitis virus (ILTV) 950802 
(group 2), Newcastle disease virus (NDV) B1 Lasota 
(group 3), AIV T/W/66 (group 4) each containing 104 
plaque-forming unit (PFU) and Mycoplasma 
gallisepticum (MG) S6 (group 5), Mycoplasma 
synoviae (MS) WVU1853 (group 6) each containing 
106 color forming unit (CFU). Each chicken was given 
intra nasally 0.25 ml of 104 PFU (for IBV, ILTV, 
NDV) or 106 CFU (for MG, MS) of each pathogen.  

Group 7 was inoculated intra-nasally with the saline as 
a control group. Tracheal swabs were taken before 
inoculation and 2 days interval after post-infection up to 
two weeks. At the end all birds were euthanized and 
tissues from the trachea, lungs, ceca and kidneys were 
collected.  Serological [(ELISA, SN (IBV), AGP (ILTV, 
AIV), HI (MG, MS, NDV)] and isolation of respiratory 
agents were performed during and at the end of 
experiment according to procedures defined for each 
pathogens.   

In result the multiplex RT-PCR identified and 
differentiated chickens infected with the respiratory avian 
pathogens. Experimental chicken tracheal swabs co-
infected by six avian respiratory pathogens were detected 
by multiplex RT-PCR and detected the co-infected 
chickens with two or more pathogens. 
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SUMMARY 
 

The present study reports a problem of oral lesions 
in laying hens presented in a farm located in Southeast 
Mexico. The lesions were observed in a range of gray 
to black tongue coloring and oral ulcerations. Egg 
production decreased from 80.6% to 64% for 53 weeks 
old hens. No apparent disease was observed, and the 
oral lesions were related with the feed quality. The 
chemical analysis of the feed showed only the 
contamination with the mycotoxin Nivalenol. Neither 
DAS nor T2 toxins were detected. At the beginning of 
the 54th week a mixture of an organoaluminosilicate 
with an aluminosilicate was added to the feed. After 3 
weeks the lesions disappeared and the production 
recovered to 80%. 
 

INTRODUCTION 
 

Oral lesions in chickens in the form of ulcers can 
be associated with productivity losses in the poultry 
industry. The origin of this kind of lesions is normally 
attributed to either T-2 toxin or Diacetoxyscirpenol 
(DAS) (1). Recently Brake et al (2) reported evidence 
that DAS produce oral ulcers, gray-black tongues, 
decrease in body weight and feed consumption in 
broiler breeders. DAS and T-2 toxin belong to 
trichothecene mycotoxins, produced by Fusarium 
species in feeds and grains. By considering that 
trichothecene mycotoxins comprise a large group of 
organic compounds, it is very probable that not only 
both mycotoxins produce this kind of lesion. In fact, it 
has been reported that some derivatives of the DAS 
also produce oral lesions (3). However, there is a lack 
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of literature on the toxicity of other trichothecenes. For 
example, there is very little information on Nivalenol, 
which it is considered 10 times more toxic than DON 
(4).   

Nowadays, poultry technicians are well aware of 
the negative impact of mycotoxins on productivity. 
Due to this fact, the use of mycotoxins adsorbents has 
been generalized in the poultry industry and many 
types of commercial aluminosilicates, when included in 
the feed, offer good protection of livestock against 
aflatoxins, but not against other mycotoxins. In the 
specific case of high levels of T-2 toxin and DAS, 
aluminosilicates do not give protection against the 
detrimental effect of these compounds over the animal 
health  (5,6). Therefore, the only solution is the 
removal of the contaminated feed. However, in most 
instances this is not possible. As new alternatives, 
different kinds of adsorbents have been in research and 
among them are the organoaluminosilcates (7). An 
organoaluminosilicate is an adsorbent obtained by the 
chemical reaction of an organic compound on the 
aluminosilicate surface.  

The aim of this study was to follow the evolution 
of a case of oral lesions in hens under intensive 
farming conditions and to test the efficacy of a mixture 
of an organoaluminosilicate with an aluminosilicate to 
counteract the loss in productivity of the farm. 
 

CASE DESCRIPTION AND METHOD 
 

The problem detected as a loss in egg production 
was presented in a poultry company from the Southeast 
area of Mexico. Egg production decreased from 80.6% 
at the 51st week to 64.9% at the 53rd week. The loss of 
nearly 20% production prompted a search for the cause 
of the problem. The examination of hens showed oral 
lesions in a great percentage of them. The lesions were 
observed as gray to black tongue and oral ulcers in the 
lower beak.  They were classified in accordance to the 
degree of severity and were visually scored by the 
same individual. A lesion score of 1 indicated no 
visible lesion; the score 2 was seen as black tongue tip, 
the score 3 was assigned to a lesion that appeared as a 
clear gray tongue; a lesion score of 4 was a completely 
black tongue; a lesion 5 was observed as oral ulcers 
and gray tongue and finally a lesion score 6 was seen 
as oral ulcers and completely black tongue. 

No disease was diagnosed and necropsy of hens 
did not revealed liver or kidney lesions. Feed 
contamination with trichothecene mycotoxins was 
suspected. Therefore, feed samples were collected in 
the farm and sent to the laboratory. The chemical 
analysis was done for the trichothecene mycotoxins 
Deoxynivalenol (DON), T-2 toxin, DAS and Nivalenol 
by gas chromatography with mass spectrometry 
detection. 

Due to the severity of the case, the inclusion of 
mycotoxin adsorbents was decided. To have a broad 
spectrum of mycotoxins adsorption the use of an 
organoaluminosilicate and an aluminosilicate was 
suggested. At beginning of the 54th week a mixture of 
both kind of adsorbents was included in the diet of the 
flock. The dosage of adsorbents was 2.5 kg of the 
aluminosilicate and 0.5 kg of the organoaluminosilicate 
per ton of feed. The hens were fed with this diet for the 
following three weeks and egg production was 
recorded daily and accumulated on a weekly basis. In 
order to evaluate the efficacy of the mycotoxin 
adsorbents to correct the lesions, 100 hens were 
selected, identified and examined individually every 
week for oral lesions during the treatment and the score 
on the evolution of the lesions was recorded.  A total 
score was obtained as the addition of the percentage of 
affected hens multiplied by the score assigned. It is 
important to keep in mind that the new diet was 
prepared using the same grain that was involved at the 
beginning of the problem. 
 

RESULTS AND DISCUSION 
 

The analysis of feed showed only contamination 
with 190 ng/g of Nivalenol. The mycotoxins DON, 
DAS and T-2 toxin were not detected. It was striking to 
find only Nivalenol, because there are not reports about 
oral lesions associated with this mycotoxin. Probably, 
the presence of Nivalenol at this low level indicates the 
involvement of undetected Fusarium toxins in the 
lesions. 

Figure 1 presents the real and the standard egg 
production starting at the 51st week and finishing at the 
56th week where the treatment was suspended. It can be 
observed that after the egg production reach the lowest 
level at the 53rd week, it began to increase reaching 
almost the standard level at the 56th week. The 
recovery in egg production began after 1 week of 
starting the treatment with the adsorbents. This leads to 
believe that the treatment helped solve the problem. 

The weekly examination of the hens allowed 
evaluating the efficacy of the adsorbents to ameliorate 
the production drop and to improve the condition of the 
affected hens. Table 1 shows the evolution of the 
lesions as a percentage of hens affected in accordance 
with the score established. Also, it presents the total 
score of each week. From this score it can be observed 
that there is a continuous reduction of lesions in the 
animals until the almost complete disappearance of the 
black tongue and the oral ulcers. This can be correlated 
with the recovery in egg production. 
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CONCLUSION 

 
In this case, the contamination of feed with 

Nivalenol was the only probable cause of the presence 
of oral lesions and production drop in laying hens. 
Perhaps other mycotoxins of the Fusarium group were 
present, but not DON, DAS or toxin T-2. Nivalenol has 
not been sufficiently studied as a sole cause of these 
symptoms. From the results of this case, the use of 
adsorbents was an effective aid in solving the problems 
of loss of productivity in the poultry industry 
associated with contaminated feed. 
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Figure 1. Egg production recorded weekly. The use of the adsorbents started at the beginning of the 54th week. 
 
Table 1.  Evolution of the oral lesions at beginning, during and at the end of the treatment with the adsorbents. 

 Percentage of affected hens 
Weeks 

Score 53 54 55 56 (End) 
1 4 7 9 10 
2 34 29 22 48 
3 22 37 43 32 
4 13 6 6 3 
5 23 21 20 7 
6 4 0 0 0 

Total Score 329 305 306 249 
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SUMMARY 
 

Identification of chicken infectious anemia virus in 
Mexico, reproduction of disease and serology survey in 
commercial flocks. Three strains of chicken anemia 
virus were isolated from chickens originating from 
broiler and parent stock. Through experimental 
infection, only one out of the three strains induced low 
hematocrit values and characteristic lesions for chicken 
infectious anemia in the thymus and bone marrow of 
specific pathogen free chicks. The isolates replicated in 
MDCC-MSB1 cell line. The virus selected as the most 
pathogenic in experimental infection trials showed 
resistance to chloroform, heat (75º C for 5 minutes) and 

passed through a 45 nm filter membrane, but did not 
pass through the 22 nm filter. These characteristics 
were similar to the Del Rose reference strain of chicken 
anemia virus. Thought electron microscopy, the 
diameter of particles obtained from the pellet of 
infected cell cultures was between 22 and 27 nm. The 
serology survey, using a commercial ELISA kit and 
carried out with samples obtained from different farms 
all over the country, resulted in widespread 
seroconversion, indicating that chicken infectious 
anemia should be considered endemic to Mexico. 
 
(A full-length article will be published in Avian 
Diseases) 
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ABSTRACT 

 
Southern China has been proposed to be the 

epicenter for the influenza virus outbreaks because of 
the close proximity among people and farm animals.  
Twenty-one samples were collected from a single duck 
farm during the 1970’s and 1980’s.  The objective is to 
examine the genetic diversity of the hemagglutinin 
gene (HA) from these isolates.  A set of primers 
flanking the HA was designed and yield a single PCR 
product of 1630 bp.  PCR products were then sub- 

 

cloned and subjected to DNA sequencing for 
phylogenetic analysis.  The results revealed the 
presence of several lineage and sublineages.  
Divergence of all the major branches corresponds 
loosely with the date of the isolation of the virus 
indicating random mutation of the avian influenza virus 
and the presence of multiple cocirculating sublineages 
in the duck farm 
 
*Corresponding author, E-mail: fcleung@hkucc.hku.hk 
(A complete paper will be submitted for review and 
consideration for publication in Avian Diseases) 
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ABSTRACT 
 

Infectious Bronchitis is a highly contagious 
disease in chickens, and the etiological agent is the 
Infectious Bronchitis Virus (IBV).  One of the possible 
common failures of vaccination that brings great 
economic losses to the intensive poultry farming in 
China may be due to the high mutation rate of the viral 
genome.  In order to reduce the economic losses due to 
IBV, our aim is to characterize the molecular 
epidemiology background of IBV in China.  In this 
study, five regional IBV isolates from different 
provinces in China were isolated and characterized.  A 
pair of primers flanking the whole S1 gene of the IBV 
was designed according to the published sequence data, 
and the expected PCR product size is 1760bp. IBVs 
were propagated in SPF embryonated eggs, and 

recovered from the allantoic fluid where the embryos 
died within 48 hrs.  RNA was extracted and diagnostic 
RT-PCR was performed.  PCR products with the 
expected correct size fragment were further confirmed 
by PCR sequencing. The multiple alignment results 
demonstrated all IBV strains collected from the 5 
regions of China were homologous with strains 
reported in the Gene bank, including Beaudette strain 
and Guangdong D41 strain.  Differences were also 
identified among all isolates. Our result indicates that 
chicken farms at different regions of China should 
vaccinate their chicken with their respective genotype 
matched vaccine strains of the particular region. 
 
*Corresponding author, E-mail: fcleung@hkucc.hku.hk 
(A complete paper will be submitted for review and 
consideration for publication in Avian Diseases) 
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SUMMARY 
 

A regression analyses was done in fourteen-day 
old chicks, the dependent variable was the primary 
remiges and tail coverts feather size and the 
independent variable was the bird weight there are not 
a relationship between the length of primary feathers 
and body weight in 2 weeks-old chicks. The 
determination coefficient (p<0.05) for remiges feather 
was 10.09%, and for tail coverts 9.12%. However, 
when length of remiges where the dependent variable, 
and tail coverts the independent variable, determination 
coefficient was 41.09%. For that reason, there are more 
chances that broilers with short feathers will have late 
feathering even they come from same genetic strain. 
Feathering was experimentally evaluated using a 
factorial design with two strains (feather-sexable and 
non feather-sexable) and the inclusion or not inclusion 

of two sources of methionine (MHA 88% activity and 
DL methionine 99% activity). There were significant  
differences (p<0.05) between the two strains, as well as 
with the treatment with no methionine 
supplementation, but not between the sources of 
methionine. A factorial experiment 2 x 3 design (2 
source of methionine: MHA and DL-methionine), (3 
levels of inclusion: 0.05, 0.10 and 0.20% to the basal 
diet), with a control treatment and without the addition 
of methionine. When analyzing the effects of 
methionine concentration at 21 and 42 days of age, a 
significant response to the inclusion of methionine in 
the diets was observed in body weight gain, feed 
conversion, and feather weight in both periods. In this 
last day, statistical significance was also present for the 
feather percentage in relation to bodyweight 
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RESUMEN 
 

Se realizó un análisis de regresión en pollos de 14 
días donde la variable dependiente fue el tamaño de las 
plumas primarias remeras y las timoneras; y la variable 
independiente fue el peso de las aves. no hay una 
relación entre el tamaño de las plumas y el peso, ya que 
el coeficiente de determinación (p<0.05) para las 
plumas timoneras fue de 10.09% y de las remeras de 
9.12%; sin embargo, para el tamaño de las plumas 
remeras y timoneras como independiente fue de 
41.09%. Sin poder encontrar una causante a esto, 
existen amplias posibilidades de que sean animales con 
lento emplume a pesar de ser de la misma línea 
genética y provenir de las mimas reproductoras, Se 
suplementaron 2 fuentes de metionina a lineas 
autosexables, no existiendo significancia (p<0.05) entre 
las dos líneas genéticas, así como en el tratamiento que 
no fue suplementado con la fuente de metionina, pero 
no entre las fuentes de metionina. En otro estudio 
factorial 2 x 3 (2 fuentes de metionina: MHA y DL-
metionina), (3 niveles de suplementación: 0.05, 0.10 y 
0.20% a la dieta basal), con un tratamiento testigo sin 
la adición de metionina. Al analizar los efectos por 
concentración de metionina, a los 21 y 42 días de edad. 
Se observó una respuesta significativa a la inclusión de 
la concentración de metionina para ganancia de peso 
corporal, conversión alimenticia y peso de la pluma a 
los 21 y 42 días de edad (en este último periodo 
también se presentó significancia estadística para el 
porcentaje de pluma con respecto al peso corporal. 

The most important aspects that have been 
developed in relation to the conformation, growth, 
pattern and amount of feathers are: the development of 
feather-sexable breeds, fast growth rate, higher surface 
area due to a great muscular development, and efficient 
feed conversion ratio. Therefore, today’s chicken 
feather weight is proportionally lower than their body 
weight according with a study done at 49 days of age in 
a feather-sexable broilers (4.6% in males and 4.1% in 
females), as compared to birds produced several years 
ago. Consequently, this results in a “lack of feathers”, a 
condition that is more acute in males. This situation 
results in problems at the end of the production cycle, 
and becomes more acute as greater pressure is exerted 
over carcass quality and as birds are slaughtered at an 
earlier age. 

There are different methodologies for quantitative 
and qualitative measurements of feathering: In the 
70’s, a somewhat empirical technique based on feather 
count taken from a surface area of the litter. Actually, 
the most common methods involve feather weight 
alone or related as percentage ofto body weight on wet 
or dry basis., as well as the third and eighth feather’s 
full length. Others have mentioned more precise 
aspects, such as tissue nutrient composition based on 

essential and non-essential amino acids (1). Since 
feathers are so lightly-weighted, it is likely that a 
quality problem could not be detected numerically. 

Slow feather development, males have a late down 
molting that comes together with a slow growth of the 
primary feathers (sickle, axial and covert feathers) and 
contour feathers. It is common to observe necks of 21-
day old males still with down feathers, and naked 
abdominal lateral posterior regions. At approximately 
35 days of age, the situation begins to improve; even 
some feathers might be found on the litter. At around 
day 42, chickens are fully feathered. However, first 
remiges feathers still have an incomplete development 
at this stage, which may have adverse implications in 
the plucking process at the slaughterhouse. This is 
possibly the most commonly observed problem in 
males, because feather-sexable lines have been widely 
accepted by poultry producers. It is important to point 
out to the fact that this is not always recognized as one 
of the firsts causes triggering different feathering 
problems in commercial chicken production 
conditions. 

In an study done, feathers were weighted at 21, 35 
and 49 days of age showed values for body weight, 
feather weight and percentage of feathers related to 
body weight of 572g, 21 g and 3.737% for males; 529 
g, 24 g and 4.44% for females at 21 days of age, 1475 
g, 69.3 g and 4.70% for males; 1254 g, 68.4g and 
5.45% for females at 35 days of age, and 2554 g, 137.1 
g and 5.36% for males and 2290 g, 122.9 g and 5.32% 
for females at 49 days of age. 

Remiges growth measurement evaluation may be 
important in the first week of age to determine bird 
age, (2) determinated the length of primary wing 
feather, and the measurement of the third flight feather, 
a reliable indicator of the age of 4 genetics strains 
between 1 and 7 days of age. Feather average 9.9 mm 
at 1 day, 15.6 mm at 4 days, and 27 mm at 7 days of 
age, with breed variations. The work done in Mexico in 
feather-sexable broilers showed that there is not a 
relationship between the length of primary feathers and 
body weight in 2 weeks-old chicks. The determination 
coefficient (p<0.05) for remiges feather was 10.09%, 
and for tail coverts 9.12%. However, when length of 
remiges where the dependent variable, and tail coverts 
the independent variable, determination coefficient was 
41.09%. For that reason, there are more chances that 
broilers with short feathers will have late feathering 
even though they come from same genetic strain.  

Shape alterations in contour feathering is quite 
common and usually appears in abdominal and breast 
areas.where contour feathers loose their banner shape, 
leaving barbs and barbules separated. Considering 
bird’s body weight, moisture and uric acid will affect 
the delicate skin without feather protection, which in 



 
 

 150 

turn may become an important cause of economic 
losses due to downgrading of breast quality. 

Dorsal follicular necrosis syndrome. This 
condition is a slow-feathering problem in broiler 
chickens characterized by a lack of feathers in the 
dorsal area has been recurrent, associated to a follicle 
alteration process caused by gangrenous process at the 
rachis base. This in turn is followed by a follicle 
necrosis that leads to an inadequate new feather 
genesis. No prevention or control measures have been 
demonstrated. Affected birds kept under observation up 
to 63 days of age show feather structures that remain 
incomplete. This condition confers the bird an aspect 
often called of a “porcupine”, not fully covering the 
skin in this area. This unprotected area turns the skin 
rough and it is common to see lacerations that can 
affect the muscle caused by other bird’s nails. In 
consequence, there is an increase in condemnations, 
and processing is considerably more difficult in the 
processing plant, as well as the marketing of these 
birds. 

Excess fondling is quite frequent to observe excess 
fondling behavior (caressing) in breeders and 
grandparents during growing and development phases. 
This type of behavior occurs after mid-day or once the 
feed is finished. However, in broilers it occurs very 
seldom. Birds dedicate time in excess to caress their 
feathers. Breast feathers may even appear wet and 
feathers loose their banner conformation. This 
condition is also known as “feather licking” or 

“suckling hens”. In extreme cases feather separation 
may occur. The superior part of the feather´s banner 
suffers a torsion, giving the impression of a sponged 
feathering with a rough texture. When this happens, the 
feather falls more easily. 

Effect of total sulfur aminoacids and source of 
methionine on feathering. Sulfur amino acids play a 
major role in several metabolic (such as methyl 
donation) and structural functions (tissue formation 
such as muscle and feathers). Regular diets include the 
addition of one source of methionine, although the 
largest contribution of this amino acid originates in 
major ingredients (corn, milo, soybean meal, corn 
gluten meal, meat meal, fish meal, or canola), with near 
to 80% of the requirement. The remaining 20% is met 
by the supplemental amino acids. Among the factors 
that affect methionine and cystine availability are 
tannin levels (in the case of milo) and inadequate 
processing (either overprocessing or underprocessing 
in the case of soybean meal). Availability of 
methionine hydroxy analog (MHA) (88% activity) and 
DL methionine (99% activity) has been widely 
demonstrated. It is difficult to think that this 20% 
contribution is the cause of the different feathering 
problems. Feather weight was experimentally 
evaluated using a factorial design with two strains 
(feather-sexable and non feather-sexable) and the 
inclusion or not inclusion of two sources of methionine 
(MHA 88% activity and DL methionine 99% activity).

 
Table 1. Percent feathers in two strains with different methionine sources.  
 Percent weight of body weight 
Source of methionine Non feather-sexable Feather-sexable Mean 
No methionine  4.3 3.9 4.1 a* 
DL methionine 4.7 4.1 4.4 b 
MHA  4.7 4.2 4.4 b 
Mean  4.6 a 4.1 b  
 
Table 2. Body weight (g), feed conversion (g/g), feather weight (g) and percentage of feather related to body weight at 21 and 42 days of age. 

ANALYSIS BY SOURCE 
 21 DAYS 42 DAYS 

 NO MET   DLM MHA NO MET   DLM MHA 
WEIGHT 1/  616 622  1963 b 1996 a 

CONVERSIÓN 2/  1.635 1.607  1.976 a 1.948 b 
FEATHER  WT. 3/ 30 b 32 a 33 a 107 b 119 a 117 a 
% FEATHER 4/ 4.35 b 4.47 a 4.60 a 4.49 b 4.76 a 4.68 a 

ANALYSIS BY CONCENTRATION OF METHIONINE 

 21 DAYS 42 DAYS 
 METHIONINE ACTIVITY  METHIONINE ACTIVITY  

 0% 0.05% 0.10 % 0.20 % 0% 0.05 % 0.10 % 0.20 % 
WEIGHT 5/ 603 b 604 b 618 ab 636 a 1852 c 1946 b 1978 b 2014 a 

CONVERSIÓN 6/ 1.65 ab 1.668 a 1.606 bc 1.589 c 2.088 a 1.996 b 1.955 c 1.935 c 
FEATHER WT. 7/ 30 b 32 ab 33 a 32 a 107 c 115 b 118 b 122 a 
% FEATHER 8/ 4.35 4.49 4.59 4.53 4.50 c 4.62 b 4.69 b 4.84 a 
Different subscripts in same row are significant different (p<0.05). 
These results show significant differences (p<0.05) 
between the two strains, as well as with the treatment 

with no methionine supplementation, but not between 
the sources of methionine. An experiment was 
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conducted with 2,800 broilers from a sexable strain, divided in 7 treatments with 8 repetitions of 50 chicks 
each one, in a factorial 2 x 3 design (2 source of 
methionine: MHA and DL-methionine), (3 levels of 
inclusion: 0.05, 0.10 and 0.20% to the basal diet), with 
a control treatment and without the addition of 
methionine.  

At 21 days old, the evaluation by methionine 
source proved significance for the feather weight and 
feather percentage in relation to body weight, being 
less in the treatment that was not supplemented with a 
methionine source. At 42 days of age, the four 
evaluated variables demonstrated statistic significance 
(p<0.05), obtaining the lowest values by not 
supplementing the diets with a methionine source. 

When analyzing the effects of methionine 
concentration at 21 and 42 days of age, a significant 
response to the inclusion of methionine in the diets was 

observed in body weight gain, feed conversion, and 
feather weight in both periods. In this last day, 
statistical significance was also present for the feather 
percentage in relation to bodyweight (Table 2). 
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The first outbreaks of Newcastle Disease in the 
world occurred in Java and Indonesia and in England in 
the location of Newcastle  - Upon Tyne, as reported 
from Doyle in 1926. Ochi and Hashimoto reported the 
same disease in 1924 from an outbreak in Korea. 
During the decades of 1920’s and 30’s the disease 
appeared in different countries from Europe, Asia and 
United States. This was the first panzootic of this viral 
disease beginning in the Southeast Asia that was spread 
through commercial trades with England and 
Continental Europe and then to the world in the 
following thirty years. 

The first outbreak of Newcastle in Mexico was 
reported in 1946, in a layer facility located in the 
outskirts of Mexico City. In this outbreak the mortality 
was 300,000 birds. The identification of this virus was 
done by Dr. A. Velazquez and Dr. Bankowski. The 
outbreak coincided with an importation of pullets from 
California. In those days there was no sanitary control. 
During the forties, the poultry industry in Mexico was 
precarious; nevertheless, Newcastle Disease caused 
severe destruction because there was no biosecurity 
and vaccines. This helped to disseminate the disease 
through the whole country. The same thing happened 
in most of the countries. It was not until the decade of 
the fifties that it became possible to control the disease 
with vaccination and good biosecurity. The second 
panzootic was reported in 1960 and lasted until 1973. 
In this case the problem was birds (psittacine) that were 
imported. 

This virus as we know, regarding the external 
envelope, is one of the most resistant, making 
eradication difficult. It plays an important economic 
role, difficulting the commerce between countries that 
have endemic Newcastle Disease. Kaleta & Baldauf 
demonstrated the presence of this virus in 236 birds 
from different orders, making this disease difficult to 
eradicate. Another property of the Newcastle Virus is 
the stability. It is not possible to mutate. Therefore the 
lentogenic strains (B1, La Sota) will continue to be 
nonpathogenic with the same antigenic characteristics. 
  Newcastle Disease should be considered as one of 
the most important diseases for the Poultry Industry. In 
Mexico is compulsory to have adequate vaccination 
programs along with strict biosecurity measures. 

During the past 2 years the world suffered 
different outbreaks, as the Office International des 
Epizooties (OIE) mentions. Probably giving place as 
the fourth panzootic. Some examples are subsequently 
listed: Australia, April 21, 2000; Austria, March 19, 
1999; Belgium, June 4, 1999; Canada, May 21, 1999; 
Czech Republic, January 22, 1999; USA, January 15, 
1999; Netherlands, August 6, 1999; Italy, December 
11, 1998; Japan, June 2, 2000; Luxemburg, December 
17, 1999; and Mexico, May 2000. 

The cause for the outbreak in Mexico was an 
inadequate vaccine scheme, and also deficient 
biosecurity measures.  According to Mexican needs it’s 
important to have a vaccine with a titer of 108 (EID) 
50%/ml. When we vaccinate and dilute to a half or a 
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third it’s not possible to have an adequate immune 
response. 

In countries like Mexico, besides having adequate 
vaccinate schemes and strict biosecurity measures, it is 
important to have a strict control of game birds, 

fighting cocks and backyard flocks.  The lack of 
control in these birds can start a new panzootic of 
Newcastle or any other disease caused by bacteria or 
virus. 
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INTRODUCTION 
 

Infectious Bursal Disease (IBD) is an important 
immunosuppressive disease of chickens. Most 
commercial chickens are infected by IBDV early in life 
and, in unprotected birds, the virus causes serious 
immunosuppression and mortality. Both broiler 
chickens and layers are susceptible to the 
immunosuppressive effect, and thus, predisposes young 
birds to several bacterial, and viral infections or failure 
to response to vaccination (3). 

Immunization of chickens with vaccines 
containing either live or inactivated IBDV is the major 
method used for IBD control. Maternal antibodies level 
is important in order to know when to start with the 
vaccination program. Virus neutralization (VN) test is 
the “Gold Test” in order to detect and quantify 
neutralizing antibodies IBDV-specific. However, this 
test is expensive, trained personnel are required, and is 
time consuming. Currently the ELISA procedure is the 
most used serological test for IBDV antibodies 
evaluation in poultry flocks. One “improved” ELISA 
test has shown a wide cross reaction when detecting 
antibodies against both classic and variants IBDV 
strains, besides, this test has also shown a high 
correlation with VN when measuring antibodies IBDV 
– specific (4). 

This study was carried out in commercial flocks in 
order to know the maternal antibodies level in young 
broilers and pullets, as well as the response to their 
intermediate live vaccination program, using an ELISA 
test. 
 

MATERIALS AND METHODS 
 

Birds. One Ross broiler (68,000) flock and one 
Hy-Line W36 pullet (32,000) flock were raised under  

 

 
conventional conditions in commercial farms and were 
vaccinated with an intermediate IBDV vaccine  
originated in chicken embryo (*Volvac® IBD MLV 
Inter Lukert CEO). 

Vaccination programs.  Broilers were vaccinated 
at 6 and 16 days old by drinking water; pullets at 6, 16 
and 26 days old by drinking water. 

Serum sampling. Fifteen birds from each farm 
were bled at different ages before and after vaccination 
as follows: Broilers were bled at 3, 17, 24, 38 and 52 
days old; pullets at 3, 17, 25, 39, 52, and 66 days old. 
Serum samples from individual birds were collected 
and stored at 4°C until analyzed by ELISA test. 

Determination of anti-IBDV antibodies titers in 
serum by ELISA. One commercial ELISA kit was 
used (IBD+ PROFlock PLUS‡). This kit has microtiter 
plates coated with a bursal origin “native” IBDV strain, 
In brief. ELISA test was carried out as described: after 
diluting serum samples 1:50, in a non-coated 
microplate, 50µl from each sample were transferred to 
the ELISA plate, where 50µl of dilution buffer were 
previously added to each microwell (final dilution 
1:100). After 30minutes of incubation and a washing 
process, 100µl of conjugate (goat anti chicken IgG 
conjugated with Horseradish Peroxidase) were add to 
each microwell. After 30 minutes of incubation and 
another washing process, 100µ of cromogen/substrate 
(ABTS) were added to each microwell. After 15 
minutes 100µl of stop solution were added to stop 
color development. With this system, the developed 
color intensity is directly related with the antibodies 
level in the serum sample. All ELISA plates were read 
at 405 nm with a Dynatech MR650 ELISA reader. 
Optical density (OD) values were converted in ELISA 

                                                 
* Boehringer Ingelheim Vetmedica S.A. de C.V. 
‡ Synbiotics Corporation, San Diego CA, USA. 
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titers, using the software ProFile for Windows 
(Synbiotics Corporation). 
 

RESULTS 
 

Figure 1 shows maternal antibodies catabolism and 
serologic response to IBDV vaccination in broiler 
chickens measured by ELISA test. Catabolism of 
Maternal antibodies starts with 7536 Geometric Mean 
Titer at 3 days old. At 17, 24, 38 and 52 days old, GMT 
ELISA titers were 161, 56, 7560 and 10352 
respectively. Coefficient of variation expressed as 
percentage, were 39.25, 72.72, 50.45, 18.2 and 5.12 at 
3, 17, 24, 38 and 52 days old. 

Serologic results in serum samples from pullets are 
shown in figure 2. ELISA GMT values were 9106, 
8050, 4619, 1398, 8790 and 10871 at 3, 17, 25, 39, 52 
and 66 day old. Coefficient of variation expressed as 
percentage, were 12.18, 11.46, 22.38, 65.22, 7.64 and 
4.20 at 3, 17, 25, 39, 52 and 66 day old. 

 
DISCUSSION 

 
Monitoring is used to evaluate responses to 

vaccination, helps in determining the best age for 
vaccination, predicts levels of maternal immunity in 
progeny, and detects exposure to virulent IBD viruses 
(2). In this study, serum samples from broiler and 
pullets were evaluated with an ELISA test, because of 
its sensitivity, specificity, and practicality for large 
scale use. Results from this study showed ELISA 
maternal antibodies level of 7536 and 9106 (broilers 
and pullets, respectively) at 3 days old. With 
conventional ELISA kits, as a rule of thumb, 50 – 60% 
of the GMT present in a breeder flock can be expected 
in their progeny. However, there is evidence that using 
an ELISA kit coated with a native bursal originated 
IBDV as antigen, maternal immunity transference to 
the progeny could be as high as 90% (1). 

Broiler chickens in this study were vaccinated 
twice, the first vaccine application was at 6 days old, 
when antibodies level was 7536 and 39.25 % CV; so it 
could be expected that this first vaccine did not 
produce a serologic response, because of the high titer. 
However, CV indicates that there were chickens with 
high and low antibodies level. In this case the 
vaccination program works well, due chickens could be 
susceptible to an IBDV early infection. Maternal 
antibodies last for 24 days (56 GMT and 50.45 % CV). 

Second vaccination was at 16 days old, while 
ELISA titer was 161 and 72.72 % CV at 17 days old. 
Response to live vaccination program was 7536 (18.2 
% CV) and 10352 (5.12% CV) at 38 and 52 days old, 
respectively. These ELISA titers are high and CV is 
considered excellent, so chickens from this flock are 
well protected against any IBDV outbreak. 

Pullets in this study were vaccinated three times, 
first vaccination was at 6 days old, when antibodies 
GMT was 9106 and 12.8 % CV; second vaccination 
was at 16 days old; - antibodies GMT 8050 and 11.46 
% CV at 17 days old-. When antibody level was high, 
it seems that these two vaccinations did not produce a 
serological response. Third vaccination was at 26 days 
old with antibodies GMT 4619 and 22.38 % CV at 25 
days old. At 39 days old the lowest ELISA titer was 
found (1398 and 65.22 % CV), it could be the early 
response to third vaccination. At 52 and 66 days old 
ELISA titers were 8790 (7.64 % CV) and 10871 (4.2% 
CV), respectively. These high titers and low CV’s 
indicate a very well immune response to immunization 
with an intermediate IBDV vaccine. 

It is evident that maternal immunity protects birds 
against early IBDV infections. Therefore, to know this 
maternal antibodies level is crucial in order to establish 
the best age for the first vaccination. If vaccine is 
applied too early, it could be neutralized by high 
maternal antibodies. If vaccination is too late, birds 
could be susceptible to IBDV in the field. 
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Figure 1: Maternal antibodies and serological response to IBDV vaccination in 
a broiler flock
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Figure 2: Maternal antibodies and serological response to IBDV vaccination in a pullet flock
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INTRODUCTION 
 

Infectious Bursal Disease (IBD) is an acute, highly 
contagious viral infection of young chickens. Also IBD 
causes immunosuppression when chickens of three 
weeks of age or less are infected. IBD was reported 
firstly in USA in 60’s years by Cosgrove (1). From its 
appearance several efforts have been made to control 
the disease. One of these was the use of live virus 
vaccines which were shown to be highly pathogenic. 
Mildly strains of Infectious Bursal Disease Virus 
(IBDV) were development as an alternative but they 
caused mild lesions on Bursa of Fabricius (2). The 
protection of specific antibodies against lesions in 
Bursa and immunosuppression by IBDV was an event 
that modified the concept on vaccination. The use of 
vaccines killed virus to increase antibodies in breeders 
and their progeny was quickly extended. 

There are several factors that have obstructed a 
good protection through maternal antibodies because 
farmers recieved chicks from different breeders and, of 
course, different quantity and quality of antibodies.  

The objective of this paper was evaluate the role of 
specific immunoglobulins against IBDV from egg yolk 
from hyperimmunized hens administered with Marek’s 
Disease vaccine in chicks at one day of age and their 
protection against challenge IBDV strain at 7,14, 21, 
and 28 days postchallenge. 
 

 
 

MATERIALS AND METHODS 
 

Virus. Edgar and 73688 Strains IBDV were 
propagated in 6 week old SPF birds. A 20 % Bursal 
tissue homogenate was prepared with each strain and 
inactivated with 0.1 % Formol during 24 hr at room 
temperature.  

Vaccine. An oil emulsion killed vaccine 
containing Edgar and 73688 was elaborated. A 60/40 
oil-water ratio was used. 

Birds. Eight 4 weeks old layer hens (Babcock 
B300) were vaccinated with a dose of vaccine (0.5 ml) 
subcutaneously in the neck. A booster vaccination was 
at 8, 12 and 16 week of age with same amount of 
vaccine and route of application. All birds were 
maintained in wire cage for the entire experiment. Food 
and water were administered ad libitum. Every week 
all birds were bled by wing vein, and antibodies to 
IBDV by microvirusneutralization test were quantified.  

Immunoglobulins. After layer hens began to drop 
eggs were collected and immunoglobulin extracted by 
the method described by Jensenius (1). Fifteen ml of 
diluent to Marek’s Disease vaccine were removed and 
15 ml of sterile immunoglobulins of IBDV (Igs IBDV) 
were added, mixed, and this diluent was used to 
reconstituted Marek’s Disease vaccine HVT strain. 
Also, the pH of diluent was measured with/without Igs 
IBDV and its effect on Units Forming Plate of Marek’s 
Disease vaccine by methods already described. 

Trial. One hundred twenty one day old broiler 
chicks were divided in three groups of 40 chicks, 
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identified as A, B and C. Each group was housed in a 
Horsfall-Bauer isolator unit under negative pressure. 
Group A received a dose of 0.2 ml of Marek’s Disease 
vaccine with Igs IBD, Group B received a dose of 0.2 
ml of Marek’s Disease vaccine alone, and Group C was 
control Group. At 7, 14, 21 and 28 days post 
vaccination ten birds from each group were challenged 
with 10 3.0 TCID by ocular route. After 5 days post 
challenge all birds were sacrificed and necropsied to 
find typical lesions of IBD, and Bursal Index was 
determined 

Bursal Index. It was determined by following 
formula bursa weight/ body weight x 1000 
 

RESULTS AND DISCUSSION 
 

Specific immunoglobulins were obtained from egg 
yolk from hyperimmunized hens with a titer of at least 
1:10240 per 0.05 ml. There was not adverse effect on 
UFP and pH of Marek’s Disease vaccine when they 
were added to diluent.  

Table 1 shows geometric mean titers for IBV 
measured by microneutralization test in chicks with 
and without Igs IBDV at 1,7,14, 21 and 28 days of age. 
As it can be seen Ig treated group shown 3 log 2 higher 
titers than control group after 4 weeks of treatment. 

Table 2 shows Bursal Index (BI) in both groups 
challenged at 1, 2, 3 and 4 weeks post vaccination. 

Treated group showed a better BI than untreated group 
until 21 days, but at 28 days there was a better response 
in untreated group than treated group. 

The results obtained here agree with other reported 
by Lucio, et al. in 1996. (2). They found a good 
protection with immunoglobulins against IBDV 
administered alone in chicks type SPF for 1-2 weeks. 
In this paper we found a good protection until 21 days 
post treatment measured by BI. 

We think that immunoglobulins administered with 
Marek’s Disease vaccine could be a good alternative to 
protect against secondary reactions of IBDV. 
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Table 1. Serological response and Bursal Index in chicks vaccinated at one day old with Marek’s disease vaccine 
containing specific immunoglobulins against IBDV after challenge with pathogenic strain of IBDV. 
 Treated Group Untreated Group 
D.P.V. * G.M. Titer ** Bursal Index G.M. Titer ** Bursal Index 

1 15.9 ----- 15.9 ---- 
7 16.3 2.00 14.7 1.76 
14 13.0 1.06 10.7 1.06 
21 12.4 1.04 8.5 1.00 
28 11.4 0.88 8.4 1.02 

*. D.P.V. = Days Post Vaccination 
**. G.M. Titer = Geometrical Mean 2 log Titer measured by Microneutralization test. 
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SUMMARY 
 

One day old chicks are easy to be infected because 
they do not have a mature normal intestinal microflora 
(NIM) which confers protection against enteric 
pathogens. “Competitive exclusion”(CE) is one 
successful method for controlling salmonellae in 
poultry. Two experiments were carried out to show the 
prophylactic administration of defined probiotic 
(defined competitive exclusion product = PremmtTM) 
effect to reduce mortality and horizontal transmission 
by Salmonella gallinarum (Sg) in broiler chicks. 
Experiment I. 160 one day old chicks were randomly 
assigned in two groups of 20 chicks each. Control 
group (A) received orally 0.25 ml of physiologic saline 
solution (PSS), and group B received orally 0.25 ml of 
defined probiotic (DP). Both groups were 250,000 
UFC of Sg/0.25 ml challenged orally at 3 days old. 
Mortality percentage was 73.7 and 7.5 in control and 
DP treated groups, respectively. The prophylactic 
administration of DP reduces significantly (P< 0.001) 
the mortality in treated (DP) chicks. Experiment II. 
Two hundred forty one day old chicks were randomly 
assigned in three groups, 20 chicks each. Group C- 
were challenged with 250,000 UFC of Sg/0.25 ml 
orally, group D- treated orally with 0.25 ml of PSS, 
group E- treated orally with 0.25 ml of DP. Both 
experiments had four replicates. The survivors chicks 
were killed at 13 days old, in order to identify Sg in 
organs. The prophylactic administration of DP reduced 
significantly horizontal transmission of Sg (P<0.005) in 
group E when is compared with groups C and D. The 
percentage of mortality for groups C, D and E was 
80.0, 53.7, and 8.7 respectively. In addition to 
horizontal transmission of Sg in liver and spleen, in 
group E was significantly decreased in comparison 
with group D. The percent of Sg positive isolations 
from organs in groups C, D and E was 86.2, 83.7, and 
35.0 respectively. Prophylactic administration effect of 
defined NIM (probiotic) in one day old chicks reduces 
significantly both mortality and horizontal 
transmission. 

In young birds low levels of salmonellae could 
colonize the intestinal tract because they don’t have a 
mature normal intestinal microflora (NIM) that confers 
protection against enteric pathogens. At the moment, 
we known that natural resistance is develop with the 
age, it is related with the establishment of a NIM 
mature in the intestinal tract of the bird.  The complex 
intestinal microflora is completely developed in the 
small intestine in the first two weeks of life, but in the 
cecal tissue it takes more of four weeks. As well, the 
cecum is the principal site of salmonella colonization 
(1,2). The slow maturation of NIM has been attributed 
to sanitary production conditions and substitution of 
the natural incubation for artificial incubation. In 

natural conditions, embryos have a sterile 
gastrointestinal system, but in the moment of hatch it is 
exposed to intestinal microorganisms from hen by 
means of the grounds in the shell and in the nest. 
However, under commercial production conditions 
with the biosecurity degree in hatcheries the chick has 
little opportunity to obtain his NIM quickly (3). One of 
the most successful and promising methods for the 
control of Salmonella infection in the poultry industry 
is the "Nurmi concept" or "competitive exclusion" 
(CE).  This concept recognized the importance of an 
early establishment of NIM in young chicks (4). The 
mechanism of NIM or probiotics in preventing 
Salmonella infection is unknown, but three of the most 
important mechanisms are the occupation of specific 
sites that take up Salmonella in intestinal mucous, 
competition for nutrients, and volatile fatty acid 
production (4). The objective of this work was to show 
the effects of defined probiotic on mortality and 
horizontal transmission by Salmonella in broiler chicks 
challenged with Salmonella gallinarum. 
 

MATERIALS AND METHODS 
 

 Salmonella gallinarum. The bacteria for the 
challenge was a primary isolation of Salmonella 
gallinarum, resistant to novobiocin (No) and nalidixic 
acid (AN), obtain from Poultry Science Department 
FMVZ-UNAM. The inoculum was prepared in 
Trypticase soy broth during 18 h of incubation.  The 
concentration of CFU of salmonellae was determined 
by spectrophotometry in order to achieve a 
concentration of 106 CFU/1.0 ml.  The concentration of 
viable cells of Salmonella gallinarum was confirmed in 
brilliant green agar (BGA) plates. 

Probiotic. One package of 2000 doses of defined 
probiotic (defined competitive exclusion product = 
PremmtTM) was prepared following the maker’s 
instructions. The probiotic was administrated to the 
chickens 45 minutes later of their preparation. 

Experimental design. Two experiments were 
designed in order to show the prophylactic 
administration effect of defined probiotic to reduce 
mortality and horizontal transmission by Salmonella 
gallinarum in broiler chicks.   

Experiment I. One hundred sixty chicks one day 
old were randomly assigned in two groups of 20 chicks 
each. Control group (A) received orally 0.25 ml of 
physiologic saline solution (PSS), and group B 
received orally 0.25 ml of defined probiotic (DP). Both 
groups were challenged orally at 3 days old, with 
250,000 UFC of Sg/0.25 ml.  

Experiment II. Two hundred chicks one day old 
were randomly assigned in three groups, 20 chicks 
each. Group C- this group were challenged orally with 
250,000 UFC of Sg/0.25 ml, group D- only were 
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treated orally with 0.25 ml of PSS, group E- this group 
were treated orally with 0.25 ml of DP. Both 
experiments had four replicates. In order to identify 
Salmonella gallinarum in organs, surviving chicks 
were killed at 13 days old. 

Statistical analysis. To evaluate the differences 
between percentages groups of positive isolations of 
Salmonella gallinarum and the mortality a Chi-squared 
test was used. 
 

RESULTS 
 

Experiment I. Mortality percentage was 73.7 and 
7.5 in control and DP treated groups, respectively. The 
prophylactic administration of DP reduces significantly 
(P< 0.001) the mortality in treated chicks, compared 
with control group. 

Experiment II. Mortality was reduced 
significantly (P< 0.005) in the E group (DP) when it 
was compared with the C group (positive group) and 
with the D group (negative group).  The percent 
mortality for the groups C, D, and E was: 80.0, 53.7, 
and 8.7 respectively (Table 1).  The horizontal 
transmission of Salmonella gallinarum in liver and 
spleen of group E was reduced significantly when 
compared with group D.  The percentage of positive 
isolations to Salmonella gallinarum of liver and spleen 
for the groups C, D and E was 86.2, 83.7, and 35.0 
respectively.  The number of isolations of Salmonella 
gallinarum in the liver and spleen of the D group was 
not significantly different when it was compared with 
the group C (Table 1). 
 

DISCUSSION 
 

The animal and their NIM form a very complex 
ecosystem, in which many mechanisms affect the 
composition of intestinal microbiota.  The NIM affects 
the colonization of other bacteria for direct competition 
of nutrients (nutrients and growth factors); competition 
for specific receptors in common (points of adhesion); 
for production of germicides substances (colicins, 
hydrogen peroxide, bacteriocins, ammonium, 
enzymes), bacteriophages, antibiotics and development 
of a restrictive atmosphere (increment in volatile fatty 
acids production, mainly propionic acid; lactic acid, 
sulfihidric acid, change in pH) (4,5,6,7,8) In this work 
we demonstrated that prophylactic administration of 
defined probiotic (defined NIM), from old chickens to 
one old day chicks, reduced significantly the mortality 
in the groups treated with DP (groups B and E). This 
suggests that DP colonized the intestinal tract of the 
chicks and inhibited the colonization by Salmonella 
gallinarum.  Also, we can see this protective effect 
when DP administration reduced horizontal 
transmission of Salmonella gallinarum in the groups 

treated (group E), comparing them with the group D 
not challenged and not treated with DP.  This result 
coincides with previously work performed by other 
investigators, in which they showed the effect of 
several probiotics to reduce the level of colonization 
and invasion by Salmonella spp (4,9,10,11,12,13). On 
the other hand, Weinack et al. showed that 
administration of CE products in 3 to 9 old days 
chickens infected with Salmonella spp could recover 
more easily from infection than the chickens not 
treated with EC products. In the same work, Weinack 
et al. showed that the litter where the chickens are 
raised is a good vehicle to transmit the NIM to other 
birds. In field studies Snoeyenbos et al. demonstrated 
that groups treated with EC products at 11 days after 
challenge with salmonella, the chickens showed a more 
rapid elimination of the infection than chickens not 
treated with EC, but the therapeutic mechanism of this 
phenomenon of reduced infection is unknown to the 
authors (14). In the present work we did not see this 
phenomenon, possibly because of the short duration of 
both experiments. 

The level of protection that confers the NIM 
contained in the DP utilized in this work should be big 
due to the fact that in the "rechallenge" (horizontal 
transmission of Salmonella gallinarum), the quantity of 
CFU could be the same or greater than the original 
challenge dose. Pivnick and Nurmi mentioned that a 
known challenge dose introduced in chickens, coupled 
with continuous "rechallenge" of flockmates not 
infected directly with the challenge dose but exposed to 
infected chickens, could generate a “rechallenge" dose 
that could be greater in chickens not infected directly. 
If the bird received 103 cells, it will excrete 107 to 109 
cells per gram of feces at 1 or 2 weeks post challenge. 
Of course, this will depend on many other factors, like 
the avian resistance, the challenge age, bacterial 
characteristics, and another like Duchet-Suchaux et al. 
described (15). 

The prophylactic administration of defined 
probiotic in one day old chicks is capable of reducing 
the horizontal transmission of Salmonella gallinarum. 
This means that we could apply defined probiotics in 
the newborn chicks before arrival at the farm, and 
although they live together with infected birds, 
infection will be repelled. 
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Table 1. Effect of defined probiotic on mortality and invasion to liver and spleen of chicks in the horizontal 
transmission by Salmonella gallinarum. 

Group chicks dead /total (%) 
  

  
A 
B 

14.7/20   (73.7)A 
1.5/20    (7.5)B 

 

  Liver and spleen positives to Salmonella gallinarum/total (%) 
C 16.0/20   (80.0)a 17.2/20   (86.2)a 

D 10.7/20   (53.7)a 16.7/20   (83.7)a 

E  1.7/20   (8.7)b  7.0/20   (35.0)b 

* Column with different letters (A and B) are significantly different (p<0.001) and column with different letters (a 
and b) are significantly different (p<0.005). 
** Means of the four replicates.  
 
A- group challenge with Salmonella gallinarum, not 
treated defined probiotic, B- group challenge with 
Salmonella gallinarum, treated with defined probiotic, 

C- challenge with Salmonella gallinarum, D- group not 
challenge with Salmonella gallinarum, not treated with 
defined probiotic, E- group not challenge Salmonella 
gallinarum, treated with defined probiotic. 
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ABSTRACT 
 

The development of the immune system in the 
chicken embryo has been studied from several points 
of view; however, the effect of a viral antigen applied 
during embryonic development is undocumented. The 
aim of the present work was to evaluate the presence 
and migration of cells, which contribute to the immune 
response in different stages of embryonic development 
and day-old chicks. The development of lymphocytes 
present in the bursa of Fabricius and thymus was 
evaluated using the histological analysis of the yolk 
sac, bursa of Fabricius, thymus, liver and bone marrow 
of 100 chicken embryos free of specific pathogens 
divided into 5 groups: Group I) Bivalent vaccine of 
Marek’s disease with viral antigen, Group II) Bivalent 
vaccine of Marek’s disease plus lymphokines, Group 
III) Lymphokines, Group IV) Vaccine diluent and 
Group V) Negative control. Samples were taken on 
days 14, 17 and 20 of embryonic development and day-
old chicks. An increase in lymphoid follicle 
development was observed in the bursa of Fabricius of 
embryos inoculated with lymphokines (Group III) 
compared to embryos inoculated with bivalent vaccine 
plus lymphokines (Group II) and to embryos inoculated 
only with the bivalent vaccine (group I) (p<0.05). In 
addition, a greater amount of granulocytes was found 
in yolk sac, liver, and bone marrow of embryos 
inoculated with lymphokines (Group III) than in 
embryos inoculated with the bivalent vaccine plus 
lymphokines (Group II) and in those inoculated only 
with the bivalent vaccine (Group I) (p<0.05). Results 
of the present study suggest that the application of 
antigens or protein molecules at an early stage, such as 
on day 10 of embryonic development, increases 
granulopoiesis in lymphoid organs such as the liver and 
yolk sac, and also increases the number of lymphoid 
follicles in bursa of Fabricius. 
 

INTRODUCTION 
 

The aim of the present work was to evaluate cell 
presence and migration which contribute to the 
immune response at various stages of embryonic 

development and in day-old. Histological analysis of 
embryonic tissues treated with SE-ILK and viral 
antigens were used to determinate cell types and the 
number of cells present in the tissues we examined. 

 
MATERIAL AND METHOD 

 
Experimental embryos. One hundred specific 

pathogen-free embryos of 10 days were used (Alpes, 
Tehuacán, Puebla, Mexico). 

Bivalent vaccine. The bivalent vaccine (BV) 
consisted of strains of HVT and SBI, the commercial 
vaccine used to evade Marek’s disease (MD), with 
titers of 103 plate forming units (PFU)/dose 
respectively, of 200 µl each (INTERVET Toluca, 
Edo. de México, MEXICO). 

Vaccine diluent. The vaccine diluent was the 
same as used to dilute the bivalent vaccine by 
INTERVET. 

Lymphokines.  These were raised in birds 
immunized against Salmonella enteritis phagotype 13 
(SE-ILK), and prepared as described in Téllez et al. 
(1).  

Treatment design. Embryos were randomly 
divided into 5 groups of 20 embryos each and 
inoculated via yolk sac on day 10 of incubation, as 
follows: Group I. Embryos inoculated with a complete 
dose of 200µl of BV-MD. Group II. Embryos 
inoculated with a complete dose of 200µl of BV-MD 
plus 100µl of SE-ILK. Group III. Embryos inoculated 
with 100µl of SE-ILK. Group IV. Embryos inoculated 
with 200µl of vaccine diluent. Group V. Embryos not 
inoculated. 

Sampling schedule. Four samples were taken on 
days 14, 17 and 20 of embryonic development and 1 
day after hatch of yolk sac, liver, BF and thymus. 

Samples. Embryos were euthanized as described 
by Andrews et al. (2). Subsequently they were fixed 
with pins to a paraffin plate, and the necropsy was 
performed with a magnifying glass to remove the 
needed organs. 

Histology. The right thymus chain was taken, a 
transversal section of 2mm width of the middle part of 
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the left liver lobule, and an area of 1 cm2 of the distal 
pole of the yolk sac, 5 mm of the femoral bone marrow 
and the complete BF. The samples were fixed in 10% 
formalin, buffered to pH 7.4. Once fixed, the organs 
were processed with the routine technique for paraffin 
sections and stained with hematoxilin and eosin (3).  

Histological evaluation.  Yolk sac. Ten 
perivascular areas were selected and transversally 
sectioned. Cells were counted to obtain the proportion 
of granulocytes in relation to the rest of the 
hematopoietic cells.   Liver. A transversal section of 
2mm width of the middle part of the left liver lobule 
was used to count perivascular areas to obtain the 
proportion of granulocytes. Bursa of Fabricius. A 
transversal section of the middle part of each BF was 
taken to count lymphoid follicles per section of each 
BF. Thymus. A longitudinal section of the right 
thymus chain was made to obtain the proportion of the 
cortex and medullar width. The proportion was 
expressed as the percentage of the thymus medulla 
considering the sum in mm of the cortex and medullar 
width as 100%. Bone marrow. Ten microscopic fields 
were selected to count and obtain the proportion of 
granulocytes with respect to the rest of hematopoietic 
cells. This sample was only taken in day-old chicks 
instead of the yolk sac, which was in the process of 
involution at this point in development. 

Titration of the bivalent vaccine.  A sample of 
the BV-MD equivalent to a complete dose of 200µl 
was taken aseptically and processed for titration of 
avian herpesvirus HVT and SB2, according to the 
method by Palya (4).   

Bacteriologic control. Liver, thymus, yolk sac, 
bone marrow and BF samples were taken and 
processed for bacterial isolation with routine 
bacteriological methods (5) to prove the absence of 
aerobic bacteria in embryos during the experiment.   

Statistical Analysis Data were transformed by the 
arcsinus of the square root (6) for statistical analysis of 
percentage of granulocytes in bone marrow, in the 
proportion of thymus cortex and medulla, and in the 
perivascular areas of the yolk sac. Analysis of variance 
was applied to transformed data and the difference 
between means was evaluated by means of Tukey’s 
test (7, 8).   The Kruskall-Wallis test was applied for 
comparison of medians of the spaces of the portal 
region or areas peripheral to the central lobular veins of 
the liver with granulocytes, and the amount of 
lymphoid follicles in the BF. Comparison of all groups 
and differences between groups were analyzed with the 
Mann-Whitney U test (7, 8). The level of significance 
was p<0.05.   

 
 
 

 

RESULTS 
 

Bivalent vaccine titration. The presence of 
Marek viruses (HVT+SB1) was confirmed by titration 
in chicken embryo fibroblast culture, at a concentration 
of 103 PFU/200µl in a sample taken to inoculate 
embryos. The samples of lymphokines and vaccine 
diluent were free of Marek virus as confirmed by 
isolation. 

Granulocyte quantification. The four samples 
taken for morphological evaluation (on days 14, 17 and 
20 of embryonic development and from day-old 
chicks) showed a significant increase (p<0.05) in the 
mean percentage of granulocytes in liver and yolk sac 
of embryos inoculated with SE-ILK (Group III), 
followed by the group inoculated with the bivalent 
vaccine plus SE-ILK (group II) (Table 1, Figure 1 and 
2). In the Group of embryos which received viral 
antigen (Group I) a significant increase was observed 
in the number of granulocytes present in yolk sac on 
days 14 and 17 of embryonic development (p<0.05). 
No cellular differences were found in liver in any 
evaluation (p>0.05). Embryos of groups inoculated 
with vaccine diluent (Group IV) and the negative 
control (Group V) always exhibited a lower number of 
granulocytes in the yolk sac and liver (p>0.05). 

Quantification of lymphoid follicles. Of the four 
samples taken for morphologic evaluation (on days 14, 
17 and 20 and from one-day chicks) the median of 
lymphoid follicles was greater in embryos inoculated 
with SE-ILK (Group III) (p<0.05). The treatment of 
viral agent (Group I) and of viral agent plus SE-ILK 
(Group II) increased (p<0.5) the amount of follicles. 
This increase was observed from day 10 of inoculation 
until day 14 of embryonic development. After day 17 
of embryonic development no significant difference 
was found between the groups mentioned above and 
embryos inoculated with vaccine diluent (Group IV) 
and negative controls (Group V). The amount of 
follicles increased from day 11 of embryonic 
development in all groups. 

Quantification of thymus medulla percentage. 
The thymus showed the least reaction to the different 
treatments. In the thymus samples of days 14, 17 and 
20 of embryonic development and one-day chicks no 
significant difference between the proportion of 
medulla and cortex of all inoculated groups (p>0.05) 
(Group I to Group V). However, in the group 
inoculated with SE-ILK (Group III), the proportion of 
medulla was numerically the greatest of all groups.  

Bacteriological control. The result of organs 
subjected to bacteriological analysis was negative, 
showing that no bacterial contamination occurred 
during the study. 
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DISCUSSION 
 

Results show that all treatments had an effect on 
one or more of the parameters measured in the 
experiment. The effects were dramatic in the SE-ILK 
group (Group III) and the less evident in the vaccine 
diluent group (Group IV). The present investigation 
showed that the treatment increased the number of 
granulocytes significantly compared with untreated 
embryos along the investigation. This effect correlated 
with age, i.e., granulocyte number increased with 
embryonic development although treatments were 
applied at early stages. The increase in granulocytes 
was detected both in yolk sac and in liver. This result 
confirms that granulopoiesis may be stimulated at early 
stages by the presence of lymphokines and by viral 
antigen (BV-MD) or both. However, the greatest 
stimulating effect of SE-ILK occurred in liver and yolk 
sac, while in bone marrow, the group that received 
viral antigen plus SE-ILK (Group II) granulocytes were 
numerically more than in the group that received SE-
ILK only (Group III). This agrees with the report by 
Kogut et al. (9), who found that administration of SE-
ILK confers significant protection against infection 
with Salmonella sp if applied to 18 day old embryos or 
to one-day chicks or turkeys (9).   

Studies by McGruder et al. (10), and by Kogut et 
al. (11) show that lymphokines administered during the 
last days of incubation increase granulocyte 
proliferation, mainly of the heterophils (10, 11). The 
present work reveals that granulopoiesis can be 
stimulated if SE-ILK is administrated as early as day 
10 of embryonic development. The positive effect of 
SE-ILK application was detected by day 14 of 
embryonic development in yolk sac and liver, and the 
tendency of granulocyte increase was maintained in 
liver along all of the study. The same positive effect 
was kept with the presence of viral antigen, since the 
number of granulocytes observed in embryos 
inoculated with viral antigen plus SE-ILK (Group II) 
was significantly higher (p<0.05) than the negative 
control (Group V) and the group inoculated with viral 
antigen (Group I).  In addition to the stimulating effect 
on granulopoiesis, administration of SE-ILK also 
increased the amount of lymphoid follicles 
significantly in BF, which represents a greater amount 
of lymphocytes. The increase was not detected in the 
other groups, not even in the group that received 
antiviral antigen plus SE-ILK (Group II). No 
significant changes were observed in thymus, since the 
SE-ILK only produced detectable activation by the 
histological technique applied to bursa of Fabricius B-
lymphocytes. Results of the present study suggest that 
the administration of antigens or protein molecules at 
an early stage, i.e., 10 days of embryonic development 
are capable of producing an increased granulopoiesis in 

lymphoid organs such as the liver and the yolk sac, as 
well as a rise in the number of lymphoid follicles in the 
bursa of Fabricius.    
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A defect in the pupil shape of rosecomb bantam 

chickens was noticed by a breeder.  The pupil in 
affected birds appeared to be elongated at the lower 
margin of the eye in most birds and along both the 
upper and lower margins in a few birds.   In all cases, 
the lesion in the left eye was more pronounced than the 
lesion in the right eye.   

Clinically, the chickens appeared to be normal.  
Pupillary light responses were normal in affected birds 
although the affected portion of the iris did not 
constrict in response to bright light.  One chicken was 
also blind but blindness has appeared in other chickens 
in the flock with normal pupil shape and no others with 
the defect were blind.  We hypothesize that this defect 
in pupil shape does not cause any functional 
abnormalities for the chickens.   

Histologically, the lesions were unremarkable.  15-
week old birds were examined and the lower aspect of 
the iris had an excessive amount of mature collagen 
admixed with the iridal muscle fibers.  One-week old 
chicks, the youngest birds in which the lesion is 
detectable, were histologically examined and a slight 
disarray of the iridal muscle fibers was observed.   

None of the chickens had any signs of tumors and 
DNA collected from chicks with the defect were 

consistently negative for serotype I Marek’s disease 
virus by PCR analysis.  No other infectious agents 
were detected in these chickens. 

Based on these findings, no causes for this defect 
were immediately evident.  In order to narrow the 
possibilities, 28 specific pathogen free (SPF) chicks 
(SPAFAS, Storrs, CT) were incubated, hatched, and 
raised to 1-week of age in the rosecomb bantam 
environment.  Twelve rosecomb bantams were 
incubated, hatched, and raised to 1-week of age at the 
same time, in the same incubator, hatcher and brooder.  
The chicks were examined at one week of age.  None 
of the 28 SPF chicks had the pupil defect (0%) and 
three of rosecomb bantam chicks had the lesion (25%).  
Based on this experiment, environmental and most 
infectious agents have been eliminated as possible 
causes.  Most likely, this represents a genetic anomaly. 

An analysis of the pedigrees of affected birds was 
done.  The pupil defect was significantly higher in 
incidence among chickens of the black, black-breasted 
red and red pyle lines.  The brassy and blue color lines 
had a lower incidence of the lesion.  Females were 
affected in significantly greater numbers (26% of all 
females were affected) than were males (9% of all 
males were affected).   
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ABSTRACT 
 

Two thousand and sixteen fertile eggs fertile were 
collected from a 37-week-old breeder flock. Four 
different managements were done to eggs (four trials 
for each treatment): Treatment 1, eggs were stored 72 
hrs at 23 ºC at the farm, and transported in a special 

vehicle (careful transportation) to the hatchery. 
Treatment 2, eggs were stored 72 hrs at 23 ºC at the 
farm and transported in ordinary vehicle to the 
hatchery. Treatment 3, eggs were transported in the 
ordinary vehicle to the hatchery, stored 72 hrs at 18 ºC 
and 80 % of humidity. Treatment 4, eggs were 
transported in the ordinary vehicle to the hatchery, 
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stored 72 hrs at 18 ºC and 80 % of humidity, preheated 
to 30ºC, during 8 hours before hatching. After 
incubation period (18th day) unfertile eggs were 
discarded and embryo diagnosis was performed, then 
fertile eggs were transferred to the hatcher machines. 
At day 21 hatched eggs were quantified as first and 
second quality, and unhatched eggs as pipped eggs and 
eggs in which the embryo did not hatch. The results 
were analyzed using variance analysis, and means were 
separated using Tukey test. Significance were 
determined at P<0.05. The lower percentage of early 
death was found in treatments 1 and 4. A highest 
percentage of first quality chick was found in treatment 
1 (P<0.05). The treatments 1 and 3 showed the lowest 
percentage of second quality chicks. These results 
suggest that fertile eggs storage at 23 ºC for three days 
from 37-old-week breeders is enough to keep the 
quality and hatchability features. A careful 
transportation of fertile eggs allows an increase in 
hatchability. It is not necessary to preheat fertile eggs 
when they have been stored at 23ºC for three days.  
  

INTRODUCTION 
 

Embryo development stops when temperature of 
fertile eggs is around 25 to 27 ºC, this is called 
"physiological zero" (8). Fluctuation in this range can 
lead to consequences in egg quality and viability of the 
embryo. Extremely low temperatures can cause the lost 
of internal egg characteristics, whereas higher 
temperatures start cellular development (1,2,7).   

Transportation of fertile eggs from breeder farm to 
hatchery must be done immediately after collection (7). 
It is important that the company use vehicles in 
excellent condition, and use responsible and trained 
personnel who drive on the best roads to avoid bad 
conditions (5,7). A clean vehicle is required that keeps 
fertile eggs protected from environmental conditions, 
contamination, and temperature variations. If the road 
is too long it is important to keep in mind that the 
vehicle should have a cooler system in order to 
maintain a uniform temperature to assure viability of 
the embryo (5).  
  

MATERIALS AND METHODS 
 

An Arbor Acres 37-week-old breeder flock raised 
at 2400 m above sea level, and a hatchery at 1292 m 
above sea level were used in the present study. A total 
of two thousand and sixteen fertile eggs from the 
previously described flock were collected.  They were 
randomly assigned into 4 different treatments, each one 
with 126 fertile eggs (each treatment had four trials).   

Treatment 1. 504 fertile eggs were collected, 
disinfected and stored for 72 h at 23 ºC. They were 
then transported on a special vehicle to the hatchery.  

Treatment 2. 504 fertile eggs were collected, 
disinfected and stored for 72 h at 23 ºC at the farm. The 
normal vehicle that belongs to the enterprise then 
transported them.  

Treatment 3. 504 fertile eggs were collected, 
disinfected at the farm, and then transported on a 
normal vehicle to the hatchery where eggs were stored 
for 72 h in the storage room at 18 ºC and 80 % of 
humidity.  

Treatment 4.  504 eggs were collected and 
disinfected at the farm and transported in the normal 
vehicle of the enterprise to the hatchery where they 
were stored for 72 h in the storage room at 18 ºC and 
80 % of humidity. After this period, they were 
preheated for 8 h in order to reach 30ºC before hatch.  

Hand disinfection was done using a solution of 
alcohol with glycerin.  The selection and disinfection 
of the egg was performed immediately. Eggs were 
collected using a solution of ammonium quaternaries at 
40 ºC.  

The treatments were transported at 5:00 pm, and 
lasted 39 minutes (about 30 km).  

At day zero, all trials were hatched in the same 
machine (Chick Master) to 37.7 ºC, humidity of 55%, 
with vertical ventilation and turning. At day 18 all 
treatments were candled individually, and infertile eggs 
were removed. The same day fertile eggs were moved 
to the hatchery (Chick Master) to 37.2ºC. Eggs were 
classified into four treatments: infertile, broken, 
contaminated, and early death. At day 21 the number of 
hatched and unhatched chicken was quantified. 
Hatched chickens were classified into four treatments: 
first or second quality, pipped and unpipped eggs.   

The percentages obtained were analyzed using a 
variance analysis; significant differences among 
treatments were obtained by Tukey test through 
Statgraphics program. 
  

RESULTS 
 

A significant difference in hatchability percentages 
was found. Treatments 1 (88.3%) and 2 (85.6%) were 
better than 3 (81.1%) and 4 (79.0%) (p<0.05). 
 Treatments 1 and 3 have the less percentage of 
chickens of second quality, both with 2.82 % against 
treatments 2 (6.1%) and 4 (5.4%) (p<0.05). The highest 
percentage of dead embryos (not pipped eggs) was 
observed in treatment 4, whereas less percentage was 
found in treatment 1.  

In many cases a significant difference between 
treatments was not demonstrated, probably due to a 
large variance inside treatments. We suggest repeating 
this experiment using a large amount of trials, and to 
control variables.  

Preheating fertile eggs from 37-week-old breeders 
hens at 30 ºC after being stored for 3 days at 18ºC in 
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the storage room could be less strict or even omitted, 
because the increase in temperature that eggs 
experience during the transportation to the hatchery 
could be enough.  
  

CONCLUSIONS 
 

Storage at 23ºC of fertile eggs from 37-week-old 
breeder hens is enough to maintain the quality and 
hatchability characteristics. A carefully management of 
fertile egg could increase the hatchability. Preheating is 
not necessary when fertile eggs are stored for 3 days in 
the storage room from 18 to 20ºC. 
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INTRODUCTION 

 
Yolk Sac Infection (ISV) is one of the main causes 

of death in chickens during the first week of life. The 
most common bacteria isolated in this infection is 
Escherichia coli. Different from other bacteria that 
only can produce a type of disease, E. coli is able to 
produce a great variety of syndromes in man and 
animals. E. coli has been used as model to illustrate 
that bacteria are pathogenic due to the genes that they 
hold and not by belonging to a specific strain.   

The serologic classification of E. coli is very 
similar to the scheme of Kauffman-White for 
Salmonella spp.:  

Somatic Antigens or u "O": There are 175 
different somatic antigens.  

Capsular Antigens or "K": Exist 70 
antigens K internationally recognize.   

Flagelar Antigens or  "H": There are 56 
groups.  
Serogrups most commonly identified as pathogens 

for chickens are: O1, O2 and O78.  
There have been described 5 pathogenic groups of 

E. coli producers of diarrhea in human beings based on 
distinct properties of virulence, different interactions 
with the intestinal epithelium, and distinct 
combinations of O:H; all this given by virulence genes. 
These groups are:  

Enteropatogenic E. coli (EPEC): They own eae 
gene (attaching-and-effacing) and bfp that is 
responsible for the production of pili which act during 
the phase of adherence among bacteria.   

Enterotoxigenic E. coli (ETEC) Strains of E. coli 
that produce at least one of the two groups defined as 
enterotoxin, ST (heat-stable toxin) and LT (heat-labile 
toxin).   
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Enterohemorrhagic E. coli  (EHEC) They own 
the gene eae that is also at the EPEC strains. Also they 
produce one toxin than is virtually identical to the toxin 
of Shigella spp. (Shiga-like-toxin).  

Enteroaggregative E. coli  (EAEC) They have 
one fimbrial structure call Aggregative Adherence 
Fimbriae I (AAF/I), that participates at the 
pathogenesis of this group.   

Enteroinvasive E. coli (EIEC) They elaborate 
one or more enterotoxins, which play an important role 
in the pathogenesis of the diarrhea. The gene ipah has 
been chosen to identify this group.  

Cytolethal Distending Toxin (CDT) It is a factor 
responsible for toxic effect in cells of Chinese Hamster 
Ovary (CHO)  

The objective of this paper was to know the 
occurrence of diverse serotypes of E. coli at the YSI 
and to determine if the isolations were carriers of 
virulence genes, and to explain their participation in the 
pathologic process.   

 
MATERIALS AND METHODS 

 
Two hundred and sixty seven strains identified as 

E. coli isolated from different places were used. The 
number of strains by place is showed in Table 1. 

Serological Identification. Serotyping of E. coli 
was performed following the procedure described by 
Orskov and Orskov (1984), utilizing specific antisera 
(SERUNAM).  

Determination of Virulence Genes. It was 
performed through the technique of DNA colony 
hybridization, previously described by Hill and Payne 
(1984).  

  
RESULTS 

 
At this work, the serogroups found most frequently 

were O19 (12%), rough strains (OR) (10.86%) of the 
total (Table 2).  

The identification of flagellar antigens of E. coli 
also showed a great variety; however, an important 
percentage of the strains were not motile (30.7%).  

Forty one percent of the strains (110/267) had at 
least one virulence gene. The commoner was ipah gene  
(46%). Also eae and cdt genes were found among 
studied strains.  

The highest percentages of death were found 
between day 3 (21.30%) and 5 (25%), this mortality 
agrees with the highest number of isolations which 
were carriers of virulence genes. Also, it could be 
observed that 6% of strains which were carriers of any 
gene, were carriers of ipah-cdt genes. These strains 
were only isolated the third day. Sth, agg1, agg2, slt, 
bfp and lth genes were not found in our strains.  

  

DISCUSSION 
 

Mosqueda and Lucio (1985), point out that the 
curve of death rate of the YSI lasts until the 7th to 10th 
day and reaches its maximum level among the 4th and 
5th day, decreasing 3 to 5 days later.  In this work, it 
was found that the pattern of death rate agrees with that 
reported by both authors.  

El-Sukhon (1989), serotyped 89.6% of strains of 
E. coli of the total. With the present work, it was 
possible to identify the serotype of 85.3% of our 
strains.  

Whiteman et al. (1983) and White et al. (1993) 
reported that serotypes isolated more frequently from 
chicken diseases are O1, O2 and O78; however, in our 
work, we were not able to identify serogroup O1. This 
is possibly due to the strains serotyped by other authors 
coming from respiratory infections.  

Some authors mention that strains which cause 
YSI are normal inhabitants of the chicken’s gut or 
environment (3). In this work the main serotypes which 
were carriers of virulence genes do not belong to 
serogroups O2 and O78, contrary to the previously 
reported by White et al. (1983).  

Carter and Cole (1990), indicate that the 
invasiveness is not a common mechanism of 
pathogenicity among avian strains of E. coli; however, 
the predominant gene in our strains was ipah 
(80/267strains).  

 
CONCLUSIONS 

 
The main cause of YSI were E. coli due to the 

curve of death rate by YSI agree with isolation of E. 
coli, both have their peak between day 3 and 5 of chick 
life.  

Serogroups isolated most frequent were O19, OR, 
O84 and O8. These strains have not been reported as 
pathogens to chickens.   

The most common gene of virulence found in 
chickens with YSI was ipah (invasiveness gene).  

This is the first report about serotyping of E. coli 
avian strains in Mexico.  
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Table 1. Strains of E. coli isolated from different samples from a poultry integration.    
SITE OF SAMPLING SAMPLES STRAINS OF E. coli 
Breeder Flock Nest Material 0 
 Fertile Eggs 4 
Hatchery Fertile Eggs at 19th day 28 
 Fertile Eggs at 21st day 47 
Broilers Chicks with Yolk Sac Infection 188 
TOTAL  267 
Table 2. Serogroups O isolated at breeders farm, hatchery and broilers with yolk sac infection.   
SEROGROUPS STRAINS 

 NUMBER PERCENTAGE  (%) 
O19 33 12.36 
OR 29 10.86 
O84 24 8.99 
O8 17 6.37 
O78 13 4.87 
O120 11 4.12 
O?, O103,  O155 10 * 3.75* 
O118 7 2.62 
O112, O15, O168, O2, 09 6* 2.25* 
O146, O22, O44 5* 1.87* 
O152 4 1.50 
O91 4 1.50 
Others 3 or less  2.24 
Each one 
 
(This is a summary of an article that will be published in Veterinary Microbiology) 
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Three hundred eighty four specific pathogen free 
(SPF) single comb white leghorn chicks were divided 

into 16 equal groups.  Fourteen groups were inoculated 
individually with 0.5 ml of broth culture containing 
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1×107 colony forming unit (CFU) of either S. 
typhimurium (1), S. heidelberg(4), S. montevideo (2), S. 
harder (1), S. kentucky (3), S. enteritidis-PT 13a (1), S. 
enteritidis PT 34 (1), S. enteritidis PT 4 (1) by crop 
gavage.  One group of 24 chicks was inoculated in the 
same way with 1×107 CFU of Salmonella pullorum.  
Another group of 24 chicks was kept as an uninoculated 
control group.  All the chicks were observed daily for 
clinical signs and mortality. Salmonella re-isolation was 
done from different organs at 7 and 28 days post 
inoculation (DPI).  All the chicks were weighed 
individually at 7, 14, 21 and 28 DPI. Two chicks at 
random from each group were euthanized and 
necropsied at 7, 14 and 28 DPI for gross pathology.  
Selected tissues were examined for histopathological 
changes at 7 and 14 DPI.  Dead chicks were examined 
for the gross and histopathological lesions.  Chicks 

inoculated with S. pullorum had the highest mortality 
followed by S. typhimurium, S. heidelberg (00-1105-2), 
and S. enteritidis PT4 (Chicken-CA).  The lowest 
mortality was observed in groups inoculated with S. 
heidelberg (00-1131-1) and S. kentucky (99-583). Other 
inoculated groups and the uninoculated control group 
did not show any clinical sign or mortality.   Ceca were 
found to be 100% positive for the re-isolation of 
Salmonellas both at acute or chronic infection 
compared to other organs.  Mean body weights were 
reduced to 0.67% to 33.23% in the inoculated groups at 
different weeks compared to uninoculated controls.  In 
some inoculated groups body weights did not differ 
from uninoculated controls (p∠ 0.0001).  The 
consistent gross and hispathological lesions were 
peritonitis, perihepatitis, yolk sac infection, and 
enteritis. 
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Infectious Bursal Disease (IBD) was recognized in 
1957. For nearly 45 years there has been enormous 
progress and achievement in disease control and poultry 
production. During this period there have been 
development of effective vaccines, polymerase chain 
reaction (PCR), development of ELISA system, and 
actually new systems that can give us better information 
as they are based in viral protein 2 to measure antibody 
response. In the past five years there have been 
different outbreaks in Latin America with virulent 
strains, although in Mexico we still haven't faced this 
problem.   The classical disease with high morbidity, 
severe depression, and white diarrhea is not frequently 
encountered in the field. The subclinical form of IBD is 
common. This form of the disease for some time was 
affecting birds around the second week of age. From 
serologic information that we get from the field, age of 
outbreak has moved to two weeks more. This form of 
disease is more costly because it affects the end of 
production, and allows some viruses, such as bronchitis 
(that is usually affecting the birds around this age), to 
establish themselves in the birds with a reduced 
immune response. We also observe early challenge that 
leaves the bird with an impaired immune system 
susceptible to gangrenous dermatitis, colibacillosis and 
a high feed conversion. 

From the information we get from the field we can 
say that in Mexico IBDV challenges occur in all broiler 

growing areas. The level of challenge is variable. 
Unfortunately many times no isolation or identification 
of the type of virus is done. We only know by clinical 
signs and serology of a standard virus. There is 
information of serology of variants, but when in the 
field are using vaccine variants by serology you cannot 
accept the presence of them. There has to be an 
isolation and identification, which is easily done now 
by commercial PCR. 

In 1968 the first attenuated vaccine was approved, 
and around 1979 the inactivated vaccines were 
introduced.  The idea was to hyperimmunize the hens 
in order to provide higher levels of antibodies that 
could be passed to the progeny.   If we review papers 
from five, ten, or twenty years ago the questions are the 
same:   

· Are the current vaccines adequate to prevent 
IBD? 
· Which program is good for breeders? 
· What is an adequate breeder titer for IBD? 
· What is an adequate broiler protective titer for   

IBD? 
· What kind of vaccines should we use? 
· Should we make "shuttle" programs for IBD? 
From field results broiler breeder vaccination 

programs have not been totally effective. There are 
many different environments for hens and broilers so 
it's difficult to establish a standard program. Also, with 
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the different variables that appear in the field, 
reproduction of the outbreak or verifying the presence 
of the disease is very difficult to accomplish. 

As industry is concentrating into more birds in 
fewer companies, need of technical support in the field 
is needed.  We are presenting IBD serologic results of 
broiler breeders and broilers with different vaccination 
schemes from different areas.  Serology is a "must" that 
should be done in every complex. It gives us an aerial 
view of what is going on there. Regarding Gumboro, 
the next step is to correlate the serology with field 
results with the "bursometer", production results, and at 
the end with PCR.  Later on we can go to specific 
points and work on them in order to have a "zoom" of 
the situation in every complex. We have spent a lot of 
time working on problem solving and trying new 

products. Facing all the new changes it is important to 
monitor our flocks and always remember what is 
happening in the field. Monitoring the flock not only 
tells me my virus status, it also helps me to monitor the 
application for my vaccination program.   When we 
monitor our birds, we should roughly have the same 
results every time.  To obtain the "whole" story of the 
flock it can take a complete year, but we can save time 
and money trying to guess what is going on. 

After so many years it is important to define a 
program through application and monitoring. It is the 
only way we can establish our requirements. When we 
have a good monitoring program, good vaccination, 
and good application results, we can expect healthy 
happy chickens. 
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As part of the basic characterization of 

Ornithobacterium rhinotracheale, the in vitro 
susceptibility of reference strains and Mexican isolates 
of this bacterium to several antimicrobial drugs was 
investigated. Antimicrobial drugs included in this study 
were sulfaquinoxaline, sulfachloropyridazine, 
sulfamerazine, sulfamethazine, trimethoprim, 
fosfomycin, gentamicin, oxytetracycline, amoxicillin, 
and enrofloxacin. Minimal inhibitory concentrations 
(MIC) were determined by the broth microdilution 
method as described (1). We have used the criteria of 
Blackall et al. (2) to define sensibility, intermediate 
sensibility, and resistance to these antimicrobials drugs 
as corresponding to MIC levels of <4 µg/ml, 4 to 8 
µg/ml, and > 16 µg/ml, respectively. These same 
criteria were applied to this study except that 
sensitivity was defined as <8 µg/ml, intermediate 
sensitivity as 8 to 16 µg/ml, and resistance as ≥32 
µg/ml. The MIC values for sulfaquinoxaline, 
sulfachloropyridazine, sulfamerazine, sulfamethazine, 
trimethoprim, fosfomycin, gentamicin were similar 
(≥128 µg/ml) for all reference strains and Mexican 
isolates of O. rhinotracheale. In contrast, there was 
considerable variation in the MIC values for 
amoxicillin, enrofloxacin, and oxytetracycline among 
reference strains. All Mexican isolates, except one for  

 
enrofloxacin, showed resistance to these three 
antimicrobial drugs. Obtained results indicated lower 
MIC values for amoxicillin, enrofloxacin, and 
oxytetracycline among reference strains. It can be 
concluded from these results that acquired 
antimicrobial resistance is exceptionally frequent in O. 
rhinotracheale similarly as reported by others (3, 4).  
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A germicidal air filtration unit (GU)* was 

evaluated for its capacity to trap and kill 
microorganisms in the air in a pen of 40 caged 
chickens.  As illustrated in the figure, air was drawn 
upward into the GU through a screen that prevented 
passage of feathers.  Air then passed through an 
electrostatic (E) filter that trapped the dust.  An 
ultraviolet light, mounted on a track, passed back and 
forth across the undersurface of the E filter.  Finally, 
the air passed through a roughing (R) filter that was 
installed for evaluating the efficacy of the E filter.   At 
low or high speed the fan drew approximately 450 or 
750 cu. ft. of air per minute, respectively.  In these 
studies the unit was operated for 24 hour periods with 
the fan operating at high or low speed and with the UV 
light on or off.  A portion of each filter was put in a 
stomacher bag and 9 ml of 0.1% buffered peptone 
water was added per g of filter.  After mixing, serial 
dilutions of the dust suspension were assessed using 

standardized tests for total aerobic, total coliform and 
fecal coliform counts as well as total mold counts. 

In two trials at low fan speed with the UV light 
off, there were about 104 colony forming units (cfu) of 
bacteria per g of E filter and this was about 10 fold 
higher than what was detected on the R filter.  With the 
UV light on, the levels of total aerobic bacteria on both 
E and R filters were below the detectable limit of 100 
cfu per g.   Likewise, coliforms and molds were 
reduced below the detectable limit in filters exposed to 
UV light.   In two trials at high fan speed there were 
102 to 105 cfu of bacteria on all filters with the UV light 
on or off.  However, the number of bacteria on E filters 
exposed to UV light was 100 or 1000 fold lower than 
on those that were not exposed.  These and other 
preliminary studies to be reported suggest that the GU 
could reduce the level of pathogens in the air in a 
poultry facility.  

 
Germicidal Unit

Fan
Electrostatic Fi lter
(3 cm above UV light)

Screen
Ultraviolet L ight (UV)

(Watts output 8.5; ozone output 2.3)

Roughing Fil ter

Air Flow  
 
 
 
*Product of Engineering Dynamics Limited, 137 Young Drive, R.R. 1, Carleton Place, Ontario, Canada, K7C 3P1  
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Paramyxovirus Type 1 (PMV-1) has a worldwide 

distribution and a large host range (1,2,3).  Frequent 
outbreaks among racing pigeons stimulated the testing 
of killed vaccines (Hitchner B1 strain) for protection 
against PMV-1 infection with highly reliable results 
(5).  For commercial squab, the aerosal route may offer 
a less labor intensive means of vaccine administration.  
Therefore in this study, the use of aerosol vaccination 
in commercial pigeons was evaluated when challenged 
with a field strain isolated in the central valley of 
California.  Intravenous challenge was performed four 
weeks after the third dose of aerosol vaccine.  
Vaccination was by coarse droplet of Hitchner B1 
followed by B1/Lasota at three week intervals.  Four 
groups of pigeons were included in the study: 
vaccinated and challenged (VC, n=10); vaccinated and 
unchallenged (VU, n=10); unvaccinated and 
challenged (UC, n=10); and unvaccinated and 
unchallenged (UU, n=9). The birds were observed for 6 
days.  Necropsy was performed on day six post 
inoculation (PI) in the challenged groups and on day 7 
in the unchallenged groups. 

Clinical signs of illness were evident by day 4 PI 
in the UC and VC groups.  Symptoms included loose 
fecal droppings, shivering, tucked heads and lethargy 
in both groups. By day 5, increased depression, 
reluctance to move, and torticollis were observed.  
Seven of 10 birds in the UC group died or were 
humanely euthanized before day 6, while two of 10 
died in the VC group.  No mortality occurred in the 
two unchallenged birds.  Weight loss was noted in all 
groups; highest in the UC group and lowest in the UU 
group.  At necropsy, lesions in the virus challenged 
groups were predominately in the pancreas, kidney, 
and brain.  The histologic findings of pancreatic 
necrosis, tubular nephrosis and interstitial nephritis, 
lymphocytic cuffing and gliosis in the brain were 
consistent with reported cases of PMV-1 infection of 
pigeons (4,6,7,8).  Among the unchallenged birds, no 
brain or pancreas lesions and few mild kidney lesions 
were observed.   Vaccination titers in the VU birds 
were negative for 7/10 birds and ranged from 1:4 to 
1:128 in the remaining birds.  Titers remained negative 

in the UU group and less than 1:8 in the UC group.  
Titers ranged from 1:4 to 1:4096 in the VC group.   

In summary, vaccinated challenged birds 
demonstrated clinical signs and pathology consistent 
with PMV-1 infection.  There was 20% mortality, 
diarrhea, depression, torticollis and histologic lesions 
of the brain, pancreas and kidney.  We concluded that 
aerosol vaccination was not effective in protecting 
pigeons against PMV-1 virus challenge in this trial.  
Based on this study we would not recommend aerosol 
vaccination as an alternative to the use of killed 
vaccine.  
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SUMMARY 
 

In a first trial we evaluated the antibody response 
to Newcastle Disease virus (NDV) adding a highly 
purified Quillaja saponaria saponins (Q-Sap) into the 
vaccine's excipient. We also measured the antibody 
response to Infectious Bursal Disease virus (IBDV) 
vaccine in birds receiving a crude form of Q-Sap in the 
diet. Our results showed that neither the ocular 
administration of Q-Sap nor the addition of this 
phytochemical in the diet of chickens was able to 
enhance the specific serum antibody response. In a 
second trial, we evaluated the susceptibility of chickens 
(with maternal immunity) receiving dietary QP to an 
experimental challenge with Salmonella typhimurium. 
The addition of QP in the diet resulted in a 
significantly lower percentage of S. typhimurium 
positive birds 10 days after experimental challenge. 
The same experiment conducted in specific pathogen 
free chickens determined similar reisolation values 
regardless the addition of Q-Sap in the diet. However, 
significantly lower colony forming units (CFU) of the 
challenge strain could be detected in the feces of the 
treated birds. These results suggest an enhancement of 
the bird's immune response against this pathogen.  
 

INTRODUCTION 
 

Saponins are natural detergents found in many 
plants including the Chilean soapbark tree (Quillaja 
saponaria). Beside their multiple applications both for 
human and animal nutrition, odor control, cosmetics, 
etc., an important area of interest in quillaja saponins 
(Q-Sap) is their possible effect on the immune system. 
Since many years saponins are known for their 
adjuvant activity for parenteral applied viral vaccines 
(7).  There are also reports on increase effectiveness of 
oral vaccines, enhanced enteric uptake of molecules 
and direct stimulatory effect on the immune system (8, 
2, 1, 14). More recently, Hoshi et al., (4) compared the 
antibody response of orally immunized chickens using 

different adjuvants. Their results showed Q-Sap to be a 
useful oral adjuvant for this specie.   

This paper dealt with further investigating the 
adjuvant effects of Q-Sap following either local or oral 
administration in chickens as well as their possible 
effect on enhancement of the non-specific immune 
response. In a 1st trial we evaluated the antibody 
response to Newcastle Disease virus (NDV) adding Q-
Sap into the vaccine's excipient. Additionally, we 
measured the antibody response to Infectious Bursal 
Disease virus (IBDV) vaccine in birds receiving Q-Sap 
in the diet. In a 2nd trial, we evaluated the susceptibility 
of chickens receiving dietary Q-Sap to an experimental 
challenge with Salmonella typhimurium. 
 

MATERIAL AND METHODS 
 

Quillaja saponins. Two forms of Q-Sap from a 
commercial source (Natural Response, Quilpué, Chile) 
were used.  A highly purified registered form of Q-Sap 
(5) named SupersapR was used for local (ocular 
instillation) delivery. Supersap's content of saponins is 
90%. A crude extract of the Quillaja tree named 
"Quillaja Powder" (QP) containing 1.5% (w/w) of Q-
Sap and 7% humidity was used for oral administration 
along with the diet. 

Trial 1. Trial 1 considered the evaluation of the 
antibody response after vaccination against NDV and 
IBDV at day 10 of age. Both viral vaccines were 
obtained from a commercial source (Intervet, 
Boxmeer).  

NDV vaccination. One hundred specific pathogen 
free (SPF) chickens (VALO-Lohmann, Cuxhaven) 
were hatched and divided into two groups. Both groups 
were subjected to NDV vaccination by the ocular route 
at day 10 of age. One group of 50 birds received the 
vaccine containing the Q-Sap product SupersapR 
incorporated into the vaccine's vehicle at a final 
concentration of 0,5% (w/v). Each bird received one 
drop of the vaccine (10l) in each eye. The two drops 
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contained one vaccine dose. The control group 
received the vaccine using the regular vehicle. 

IBD vaccination. One hundred SPF chickens from 
the same source were divided into two groups. Both 
groups were subjected to IBDV vaccination by the oral 
route via the drinking water at day 10 of age. One 
group received QP in the diet from day 1 of age and 
throughout the experimental period of 35 days. In this 
group QP was added to the feed at a final concentration 
of 1000 parts per million (ppm). The control group 
received regular feed throughout the experimental 
period. 

Serum samples. Blood samples were obtained 
from all birds by wing vein puncture at days 1, 7, 21, 
28, and 35 of age. Sera obtained were tested for 
specific antibodies using a commercial ELISA-Kit  
(Idexx, Westbrook, Maine). ELISA's were conducted 
according to the manufacturer's recommendation. 

Trial 2. The susceptibility of both SPF and 
chickens with specific maternal immunity receiving 
dietary QP to an experimental challenge with 
Salmonella typhimurium was evaluated by reisolation 
attempts of the challenge strain from the ceca and from 
the liver & spleen of the birds. 

Challenge strain. A spontaneous nalidixic acid 
and ryfampicin resistant S. typhimurium strain, 
obtained originally from chickens, was used in all 
experiments. This S. typhimurium nalr rifr was 
inoculated into 10 SPF birds prior to use it in the 
experiments to test its ability to colonize intestine and 
invade organs. This strain was successfully isolated 
from all bird's 5 days after inoculation. 

Experiment A. Ninety chickens were obtained 
from a commercial supplier and divided into 3 groups 
of 30 chickens. These chickens were the progeny of 
breeders that had been subjected to 2 doses (10 and 16 
weeks of age) of an inactivated Salmonella enteritidis 
vaccine (Biomune, Kansas). The bird groups received 
QP in respective dosages of 100 and 300 ppm (groups 
being designated QP 100 and QP 300) mixed with the 
regular feed throughout the experimental period of 20 
days. A control group received regular feed during this 
period. All groups were orally inoculated with 1.5x108 

colony forming units (CFU)/ml of the challenge strain 
at day 6 of age. Ten days after challenge, all birds were 
euthanized and sampled for salmonella isolation 
attempts. Both ceca and spleen & liver were obtained 
separately from each bird. Isolation was conducted 
according to standard procedures using XLD agar 
(Difco, Detroit) adding 20mg/ml of ryfampicin and 
nalidixic acid (Laboratorio Chile, Santiago). Negative 
samples were further evaluated in delayed secondary 
enrichment in tetrathionate broth. Final identification 
was based on routine biochemical reactions and by 
agglutination with a Salmonella O antiserum Poly A-I 
and Vi (Difco, Detroit).   

Experiment B. Ninety SPF chickens (Universidad 
Austral de Chile, Valdivia) were hatched and divided 
into 3 groups of 30 chickens. These birds were grouped 
and challenged as described in experiment A.  
Accordingly, groups received QP in respective dosages 
of 100 and 300 ppm throughout the experimental 
period of 20 days. The control group received regular 
feed. All groups were orally inoculated with 
6.5x108CFU/ml of the challenge strain at day 10 of 
age. Ten days after challenge, all birds were euthanized 
and sampled for salmonella isolation attempts. Both 
ceca and spleen & liver were obtained separately from 
each bird. Isolation was conducted as described above. 
Additionally, a quantitative recovery of S. typhimurium 
was conducted by serial dilutions in plate count agar 
added with the mentioned antibiotics.    
 

RESULTS - TRIAL 1 
 

NDV vaccination. Birds vaccinated by eye drop 
receiving SupersapR showed a moderate ocular 
irritation expressed by closed eyes. This was observed 
for approximately 30 min in the treated group. Both the 
control and the treated groups showed a significant 
increase of specific antibodies in serum after 
vaccination (F= 10.92). When comparing the average 
values obtained at each time after vaccination by 
analysis of variance no significant differences were 
evident (F=1.2).  

IBDV vaccination. Both chicken groups, those 
receiving QP orally and the non-treated controls, 
increased their antibody levels after vaccination 
significantly (F= 55.6). No significant differences 
could be detected between the antibody levels detected 
in the control and the treated group (F=0.103). 
 

RESULTS – TRIAL 2 
 

Experiment A. The QP treated groups showed 
significantly lower reisolation percentages both from 
ceca and organs from the chickens with maternal 
immunity as compared with the controls (p<0.05). The 
percentage of reisolation from ceca of the control bird 
group was 90% while QP 100 and QP 300 showed 
values of 63.6% and 54.3% respectively. Isolation from 
organs of the control group was 63.3%. QP 100 and QP 
300 achieved 27.3% and 45.7% respectively. 

Experiment B. The QP treated groups and the 
control showed similar reisolation percentages both 
from ceca and internal organs (p<0.05). The reisolation 
percentages from ceca varied between 91.4 and 97.1%. 
The reisolation percentages from organs showed no 
significant differences varying between 40 and 47%.  
Four groups were established according to the 
quantitative recovery of S. typhimurium from feces; 
CFU/g feces: >1010, 108, 106, and <105. While birds of 
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the control group showed higher recovery counts of 
salmonella, birds of the QP treated groups showed 
significantly less CFU/g feces. 

 
DISCUSSION 

 
Experiments conducted mainly in mice have 

shown that immunization with protein antigen in the 
presence of Q-Sap have resulted in increased antibody 
production (8, 9, 7). Chickens receiving Q-Sap orally 
immunized with non-replicating antigens such as 
bovine serum albumin have also shown higher specific 
antibody titers as compared with other adjuvants (4). 
Quillaja saponins have proven to potentiate the ocular 
delivery of non-replicating antigens such as insulin 
(11). However, the present results showed that ocular 
administration of Q-Sap included in the NDV vaccine 
was not able to elicit higher specific serum antibodies 
in the treated birds. 

Oral administration of Q-Sap has also shown to 
stimulate both the humoral and cellular immune 
responses to concomitantly orally administered 
inactivated rabies antigen (2). The present results 
showed no differences of the specific antibody 
response after IBDV vaccination between chickens 
receiving dietary Q-Sap and non-treated birds. 
According to this result no effect on the serum 
antibody response could be attributed to the 
administration of dietary QP.  

A possible explanation for these results, as 
compared with the results obtained by other authors, 
may be that Q-Sap does not interfere with the 
adherence to specific cell receptors and replication of 
live viruses. It is also important to consider that 
different fractions and purification levels of saponins 
may vary substantially in their physiological effects 
(12). However, we consider the present results 
preliminary since other responses, particularly the local 
specific IgA, were not measured. This response would 
have been interesting to search due to the fact that a 
transient local eye irritation was observed. This local 
effect might have had influenced the local response to 
the vaccine.  

Chavali and Campbell (2) reported that mice fed 
with saponins showed an increased clonal expansion 
and lymphocyte function suggesting an 
immunomodulatory effect of this phytochemical. 
Additionally, recent studies on a saponin isolated from 
Colubrina retusa demonstrated an in vitro direct 
antimycobacterial activity of this compound (3). Other 
studies have also shown that saponins influence 
microbial fermentation in the gastrointestinal tract of 
animals  (10, 13). Katsunuma et al., (6) showed 
absence of growth of 13 different bacteria strains in 
media containing 10 Yucca shidigera saponins. The 
minimum inhibitory concentration of this saponin 

ranged between 14 to 0.7 mg/ml. In the 2nd trial the 
addition of Q-sap in the diet resulted in a significantly 
lower percentage of S. typhimurium positive chickens 
(with maternal immunity) 10 days after experimental 
challenge with this pathogen. A different behavior was 
observed in SPF chickens, which showed similar 
reisolation values regardless the addition of Q-Sap in 
the diet. However, significantly lower CFU of the 
challenge strain could be detected in the feces of the 
treated birds. These results also suggest an 
enhancement of the birds immune response by 
saponins. It seems important to underline that the 
challenge doses of S. typhimurium used (108 CFU/bird) 
were relatively high. This fact may have influenced the 
results allowing the speculation that lower challenge 
doses could have had resulted in a more obvious 
protective effect. 
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Apoptosis is a programmed and active type of cell 

death that requires energy and protein synthesis for its 
execution (12). It is implicated in physiological 
regulation of tissue size, playing a homeostatic role 
opposite to mitosis. It is a sort of "cellular self-
destruction" that takes place in normal tissues, such as 
the turnover of epithelia and leukocytes, cyclic or 
seasonal involution of gonads and hormone or growth 
factor removal induced involution (11, 20). This type 
of cellular suicide can also be triggered by pathological 
stimuli, as some toxins (1, 5, 2, 6). The T-2 mycotoxins 
belong to the trichothecenes class, produced by fungus 
of the genera Fusarium (3). Trichothecenes’ common 
substrates are corn, barley, rye, wheat, milo and other 
cereal crops. Mold growth and toxin production are 
favored by alternating cool and warm temperatures. 
Once produced, T-2 toxins are stable in the 
environment and resistant to the heat and pressure of 
cooking, feed milling and processing (14). 
Trichothecenes are potent immunosuppressors, 
increasing susceptibility to certain infectious diseases 
(4). Antibody formation is suppressed and mitogen-
induced lymphocyte blastogenesis is impaired, 
depending on the dose and of the exposition period (8, 
18). The mechanism of toxicologic damage is not well 
known and different mechanisms may be operative for 

each effect. T-2 toxin has a direct effect on the 
lymphocytes, causing necrosis in the lymphoid follicles  
and on circulating lymphocytes (8, 9). Although the T-
2 toxin has been recently incriminated as apoptosis 
inductor in mice's lymphoid organs (19, 10), no 
reference is made to apoptosis as a mechanism of 
immunosuppression in T-2 toxicosis in birds.   

Histomorphometrical studies were conducted in 
the bursa of Fabricius (BF) to test the involvement of 
apoptosis as a mechanism of lymphoid depletion and 
immunossupression in broiler chicks, after the intake of 
feed containing T-2 toxin of Fusarium sporotrichioides. 
Forty-two one-day-old Hubbard male chicks were 
randomly distributed in three groups. The treated group 
(n = 15) received contaminated feed with 2,64 mg/kg 
of the T-2 toxin. The residual group (n = 12) received 
the contaminated feed up to 7 or 14 days and received 
uncontaminated feed during the last week. The control 
group (n = 15) received only uncontaminated feed. 
Five animals of control and treated groups and six 
animals of the residual group were killed and 
necropsied at ages of 7, 14 and 21 days, when BF was 
collected for histomorphometric analyses and DNA 
extraction. Half of each BF was fixed in 10% buffered 
neutral formalin and processed by routine techniques. 
Slides were stained by hematoxilin - eosin (HE) and by 
methyl green - pyronin (MGP) techniques. MGP stains 
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condensed chromatin in dark green and the cytoplasm 
in red and facilitates apoptosis detection (13). Some 
slides were also used for in situ identification of the 
fragmentation of the DNA by inserting labeled 
nucleotides in the 5'OH terminal portion of fragmented 
DNA of the cells in apoptosis (TUNEL or Terminal 
deoxynucleotidil transpherase Uracil Nick End 
Labeling). The other half of the BFs were stored in 
microtubes of 1,5 ml at –80º C, for posterior DNA 
extraction and electrophoresis in agarose. 

The identification and quantification of apoptosis 
was accomplished by light microscopy.  Cellular 
shrinkage, condensed chromatin in perinuclear clumps 
and the presence of apoptotic bodies were considered 
as morphological evidences of apoptosis (12). 
Morphometry (parenchyma / stroma ratio and apoptotic 
index) was achieved with a light microscope equipped 
with a camera connected to a Computer (Image 
analyzer). Data were collected with the aid of an image 
analyser (Kontron KS-300 v2.0, Zeiss Kontron 
Electronics GMBH). Data were analyzed statistically 
by the non-parametric Kruskal-Wallis test (parenchyma 
/ stroma ratio and apoptotic index). The parenchyma / 
stroma ratio is a great parameter to evaluate atrophic 
states. It was determined with low magnification (4X 
objective). Three fields for slide were used. In each 
field, follicular area and empty space were measured. 
Stroma area was obtained by subtracting these areas 
(follicular area and empty space) from the total area of 
the field.  Slides stained with MGP were used to 
determine the apoptotic index (number of apoptotic 
cells / total number of cells).  

Bursal lymphoid follicles of Control Group were 
all well cellularized, independently of the experimental 
period. Both cortical and medullar areas were more 
defined and denser than in treated and in residual 
groups. 
Histological lesions in BFs of the treated and residual 
groups were discrete at 7 days, moderate at 14 days and 
more evident at 21 days. Increased goblet cells were 
observed in the coating epithelium. Also a diffuse and 
moderate depletion of lymphocytes in the medullar and 
cortical area were observed, originating countless 
empty spaces. Apoptotic bodies were frequently found 
within the empty spaces as well as lymphocytes with 
condensed chromatin. Arai et al. (2) reported induction 
of apoptosis by radiation in bursal lymphocytes, with 
morphology of apoptotic cells very similar to the ones 
we saw in this experiment.  

The parenchyma / stroma ratio (P/S) of BF of birds 
of the treated and residual groups were smaller than the 
ones of the control group at 14 days (P< 0,05) (Table 
1). At 7 and interestingly at 21 days, P/S from the 
treated group were similar to the control group. 
Although the P/S ratio of the residual group did not 
show differences with the treated group, only the P/S 

ratio of the residual group was different from control 
group at 21 days. 

The apoptotic indices of the 3 groups evaluated at 
7 and 21 days did not differ from each other (Table 2).  
However, BF of treated and residual groups, sacrificed 
at 14 and 21 days, showed moderate to intense 
depletion of the lymphoid follicles, confirmed by lower 
parenchyma / stroma ratio and by higher apoptotic 
index, when compared to the control group (P< 0,05).  

Apoptosis was confirmed by “in situ” labeling of 
the fragmented genome (TUNEL) in apoptotic 
lymphocytes scattered in bursal follicles of the treated 
and residual groups. Positive labeling was seen as 
brownish to dark intranuclear dots, as revealed by the 
diaminobenzidine (DAB) by peroxidase reaction. 

Also electrophoresis of bursal DNA in agarose gel 
showed the internucleosomal DNA fragmentation 
characteristic of apoptosis. The gels showed the typical 
“ladder pattern”, by the presence of bands with 200 bp 
or their multiples. Awhile the treated and residual 
groups presented more numerous and more intense 
distal bands, the control group showed denser bands 
near the migration origin, characterizing lower 
internucleosomal degradation. 

Summarizing, there are evidences that the toxin T-
2 causes fragmentation of the DNA and increases the 
apoptotic index in BF at 14 days. These results allowed 
us to conclude that apoptosis may be involved in the 
mechanism of lymphoid depletion caused by T-2 toxin 
in broiler chicks. 
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Table 1. Average values of the parenchyma / stroma ratio, according to the treatment and to the experimental 
period. 

 
Groups 

 
1-7 

Period (days) 
1-14 

 
1-21 

Control 1,95Ab 10,44Aa 6,85Aa 
Treated 1,17Ab 4,33Ba 6,73ABa 
Residual  3,18Ba 4,10Ba 

In the columns, values with the same capital letters, do not differ statistically from each other (P<0,05). In the lines, 
values with the same lower cases are equivalent (P>0,05) (Kruskal-Wallis test).   
 
Table 2. Average values of the apoptotic index, according to the treatment and to the experimental period. 

 
Groups 

 
1-7 

Period (days) 
1-14 

 
1-21 

Control 0,14Ab 0,11Bb 0,17Aa 
Treated 0,17Aa 0,28Aab 0,22Aa 
Residual  0,25Aa 0,29Aa 

In the columns, values with the same capital letters do not differ statistically from each other (P<0,05). In the lines, 
values with the same lower cases are equivalent (P>0,05) (Kruskal-Wallis test).   
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The Western Poultry Disease Conference (WPDC) 
had its humble beginnings at the Rosemont Grill in 
Sacramento in the summer of 1951.  Three 
veterinarians, Arnold Rosenwald from the University 

of California, Davis (UCD), Paul DeLay from the 
Animal Pathology Laboratory in Sacramento, and Don 
Stover of the California Department of Agriculture in 
Sacramento met and decided to organize a meeting 
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which would attract veterinarians interested in poultry 
diseases from the Western United States.  They were 
frustrated because Western poultry disease workers 
were not able to discuss and interact with people 
making discoveries in other parts of the world.  They 
were inspired to begin a regional meeting by their 
colleague, Dr. Bill Hinshaw, one of the founders of the 
Northeastern Conference on Avian Diseases (NECAD) 
who had come from Massachusetts to UCD in the early 
1930s.  They named the meeting they organized the 
Western States Poultry Disease Worker’s Conference, 
which was changed to the Western Poultry Disease 
Conference at the 6th meeting in 1957 (3).   

The first conference, like the next 16 (with one 
exception) was held in conjunction with the annual 
Midwinter conference of the California Veterinary 
Medical Association (CVMA).  Forty-two 
veterinarians attended and Dr. “Rosy” Rosenwald 
served as the first program chairman.  The single 
session ran from 9:00 am to 12 noon and consisted of a 
general discussion following each of three formal 
presentations.  The group met in the Veterinary Science 
Building (Haring Hall) on the UCD campus (3).   

The second meeting had a full day’s program and 
more than 50 veterinarians attended.  There were no 
formal presentations but nine discussion leaders were 
selected in advance of the meeting.  Scheduled 
discussions on presentations and current topics were 
regular and important parts of the early conferences.  
An innovation was added to the program of the 6th 
WPDC when a second speaker was asked to comment 
on the presentation of a principal speaker to further 
topical discussion (3).  As the program was filled with 
more and more scientific papers, the formally 
scheduled periods of discussion decreased in length 
and frequency.  Discussion and comment remained an 
important part of the WPDC but the tone and level of 
the commentary changed when the publication of the 
proceedings in advance of the conference began in 
1986 (4). 

Dr. Osteen from the United States Department of 
Agriculture, Washington, D.C. who spoke at the 3rd 
conference was the first WPDC speaker from outside 
the Western United States.  He was the first of many 
non-Western speakers who have come to the WPDC 
over the years.  The names of the first speakers from 
outside the United States are lost to history.  But, they 
have been followed by a continuous flow of 
international presenters from all over the world who 
have added to the quality and scope of the conference.   

The 7th WPDC was held in Pullman, Washington.  
It was the first of several meetings held outside of 
Davis, California and the first not held with the CVMA 
meeting.  The next WPDC held outside of Davis was 
the joint WPDC and Asociación Nacional de 
Especialistas en Ciencias Avícolas (ANECA) 

conference in Acapulco, Guerrero, Mexico in 1980.  
Since then, three meetings have been held jointly with 
ANECA in 1986 (Puerto Vallarta, Jalisco), 1991 
(Acapulco, Guerrero), and again in 1996 (Cancún, 
Quintana Roo).   The only other meeting held in the 
United States outside of California since the 7th WPDC 
was the 38th conference held at Arizona State 
University in Tempe, Arizona.  The first Canadian 
meeting was held in Vancouver, British Columbia in 
1999.  From 1990 to 2000, the home meeting site of the 
WPDC became Sacramento, California rather than 
Davis.  The 37th WPDC in 1988 was the last held on 
the UCD campus until its return this year for the 50th 
anniversary of it’s founding, 2001. 

The 1986 meeting in Puerto Vallarta, Guerrero, 
Mexico was probably the most memorable for the 
attendees.  At about midnight on the first night of the 
conference, a 7.0 magnitude earthquake hit Puerto 
Vallarta.  The official hotel of the WPDC was not 
seriously damaged but reportedly shook and swayed 
alarmingly during the quake.  Many of the participants, 
fearing aftershocks, spent the remainder of the night, 
sleeping on the beach outside the hotel, in truck beds in 
the parking lot, or in cars on the sand.  Other 
conference attendees enjoying the Mexican nightlife in 
the area never felt the quake.   

Proceedings.  The first proceedings appeared in 
1956 at the 5th WPDC.  They were mimeographed and 
distributed after the meeting by Rosy and the UCD 
Agricultural Extension Service (AES) secretaries (3, 
4).  The proceedings for the 6th, 7th, and 8th meetings 
were all similarly created.  In 1961, Rosy succeeded 
Dr. P.P. Levine as editor of Avian Diseases (AD) (2), 
the WPDC program was printed in the journal, and no 
proceedings were produced.  WPDC presenters were 
encouraged to submit manuscripts for publication in 
AD after the meeting.  The proceedings were revived 
for the 15th meeting in 1966, when Rosy turned the 
editorship of AD over to Dr. Leland Grumbles (2).  
The UCD AES secretaries typed the 16th proceedings, 
as in previous years, but for the first time, the AES 
publications at the University of California, Berkeley 
printed them.  When AES publications discontinued 
printing the proceedings, the publication and mailing 
costs became conference expenses and a charge for 
WPDC proceedings was instituted in 1969 to defray 
the costs.  In 1987, Dr. Marcus Jensen of Brigham 
Young University (BYU) became the proceedings 
editor and the printing of the proceedings was 
transferred.  Dr. Jensen brought the WPDC 
proceedings into the digital age by being the first to 
encourage the submission of papers on a computer 
diskette.  The appearance of the cover gracing modern 
WPDC proceedings first appeared in 1987 at the 36th 
meeting.  Dr. Craig Riddell was the proceedings editor 
from 1997 through 1999 and was the first editor to 
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accept papers for the proceedings submitted by Email.  
Dr. David Frame is the editor of the 2001 WPDC 
proceedings.   

Financial matters.  The WPDC began as a small, 
regional meeting and had little need for an income or 
budget.  The conference grew quickly and in 1960, the 
announcement was made that “contributions of $2.00 
per person to cover the cost of mailings, speakers’ 
expenses, etc. would be accepted” (3).  In 1961, the 
contributions from attendees were bolstered by a $300 
contribution from Merck and Co., courtesy of Dr. Otto 
Siegmund, the first corporate donation to the WPDC 
(3).  Corporate contributions “in kind” became and 
have remained an important source of support for the 
WPDC.  In 1968, a committee was formed to look 
more seriously at fundraising activities and in 1969 a 
fundraising structure was initiated by Dr. McCapes and 
permanently adopted.  The WPDC program was free 
until 1968 when registrants were charged $10 to attend 
the meeting.  Student and speaker registrations 
remained free until a separate fee schedule was begun 
in 1992.   

Organization of the WPDC.  The WPDC has had 
a rather casual organization over the years, although 
discussions of a constitution and formalized 
organizational plans have transpired.  The first 
constitutional discussion occurred in 1962 at the 11th 
WPDC.  The question was addressed at the business 
meeting when Dr. Harold Chute of the University of 
Maine related to the group that the NECAD had never 
adopted a constitution in its 34-year history and had 
always operated informally.  The group voted to 
continue to without a formal constitution.  In 1984, 
however, the question arose again and a constitution 
was adopted.  The constitution requires that an annual 
conference called the “Western Poultry Disease 
Conference” be held in the Western region.  An ad hoc 
committee was appointed in 1984 to develop by-laws 
but has remained inactive.   

The officers of the WPDC began as a program 
chairman (Rosenwald) at the first meeting and at the 
second meeting expanded to include a president 
(DeLay), program chairman (Rosenwald), and 
secretary/treasurer (Rosenwald) (3).  The president and 
program chairmen were elected annually at the 
business meeting and in 1964 the practice whereby the 
past-program chairman became the president began. 
Today, only the program chairman-elect is selected 
annually at the WPDC business meeting.  In 1960, Dr. 
Walter Sadler from UCD became the permanent 
treasurer of the WPDC (3), an office he retained until 
his retirement in 1978.  Dr. Sadler’s influence on the 
WPDC was immense and the account structures and 
financial interactions with UCD, which he created, 
remain largely unchanged today.  Rosy succeeded Dr. 
Sadler combining the offices of executive secretary and 

treasurer for the first time.  Rosy remained the treasurer 
of the WPDC until 1996 when Dr. Richard Chin of the 
California Animal Health and Food Safety Laboratory 
(CAHFS) succeeded him. 

In 1963, Rosy was selected to become the 
WPDC’s permanent secretary.  It was decided that as 
long as a permanent secretary was retained, the 
informal basis of the WPDC could continue.  Rosy was 
succeeded as secretary by Dr. Chalquest from the 
University of Arizona in 1987.  Dr. Chalquest was 
secretary 1988-1989 and was succeeded by Dr. Richard 
Yamamoto from UCD.  Dr. Yamamoto was the WPDC 
executive secretary from 1990 until 1993 when Rosy 
returned as the secretary/treasurer, an office he held 
until 1996 when Dr. Richard Chin succeeded him. 

A long-range organizational plan was 
recommended in 1988.  An ad hoc committee led by 
Dr. Art Bickford recommended the election of eight 
WPDC officers.  The existing slate of officers was to 
be expanded to include a local arrangements 
chairperson, local arrangements chairperson-elect, and 
program chairman-elect.  The committee also 
recommended that a support committee with a 
representative from the 1) Northwest and Canada, 2) 
California, 3) Mexico, and 4) other Western states be 
formed.  By 1989, a representative from the Northwest 
and Canada had been selected but none others.  Once 
again, the informal character of the WPDC came 
through and no additional action was taken on the 
formation of a support committee.  At the 41st WPDC, 
the local arrangements election schedule was changed 
when Dr. Bryan Mayeda became the permanent local 
arrangements chairman.  Dr. Mayeda handled local 
arrangements for the 41st, 42nd and 43rd WPDCs, all 
held in Sacramento, California.  In 1994, Dr. Leslie 
Woods (CAHFS) joined Dr. Mayeda as local 
arrangements co-chairman and became chairman in 
1995.  Dr. Woods remained local arrangements 
chairman until 2000 when Dr. Carol Cardona (UCD) 
succeeded her. 

Workshops.  The WPDC began a tradition of 
holding a workshop in conjunction with its annual 
meeting in 1968 (17th WPDC).  The first workshop was 
on the subject Poultry Disease Control Programs and 
Drs. McCapes and Rosenwald were the coordinators.  
The proceedings of the workshop and a photograph of 
the attendees are printed together with the 17th WPDC 
proceedings.   

At the 1992 business meeting, Dr. Art Bickford 
mentioned the possibility of holding continuing 
education programs for members of the newly formed 
American College of Poultry Veterinarians (ACPV) 
prior to the WPDC.   Dr. Hugo Medina and Dr. Bruce 
Charlton organized the first of several highly 
successful ACPV continuing education programs.  
Ninety-two people took part in the first ACPV 
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continuing education program, the Poultry 
Mycoplasma workshop held in 1994 on the UCD 
campus. 

Poultry Health Symposium.  The California 
Poultry Health Symposium (PHS) was organized by 
Rosy to immediately follow the WPDC.  The PHS was 
an effort to directly extend the information of the 
WPDC to the poultry industry of California.  This 
meeting was open to poultry producers, farm managers, 
and members of allied industries.  The first PHS was 
held in 1967, following the 16th WPDC and continued 
until 1982.  The proceedings from the symposia were 
published separately for its first three years.  But, the 
19th – 31st WPDC proceedings were published jointly 
with the proceedings for the 4th to the 16th PH 
symposia.   

The PHS name was resurrected in 1996 when Dr. 
Joan Jeffrey, poultry extension veterinarian at UCD 
once again began an annual meeting on poultry health 
topics for producers.  The 2001 PHS will be convened 
immediately following the 50th WPDC in Davis and 
will be the first to follow the original model of the PHS 
since it was discontinued in 1982. 

People. There have been many people whose 
efforts over the years on behalf of the WPDC have 
given it quality, longevity, and its own individual 
character.  Many of those individuals have been 
honored in a variety of ways over the years for their 
contributions and service.  In 1992, a Special Service 
award was instituted to honor persons who have made 
a significant contribution to avian medicine in the West 
in teaching, research, extension, or conference 
activities.  The first honorees were Dr. Henry Adler 
from UCD (posthumously), Dr. Raymond Bankowski 
from UCD, and Dr. Charles Whiteman from Colorado 
State University.  All of the individuals who have been 
honored with Special Service awards are listed on the 
front pages of the conference proceedings.   

Many people who have made special contributions 
to the WPDC have been honored with the dedication of 
the proceedings.  The first person honored with a 
dedication was Dr. Hector Bravo in 1977 (26th WPDC), 
a well respected and well-known veterinary 
management expert from Mexico who was honored 
after his tragic death in an airplane crash (4).  The 37th 
and 40th proceedings were dedicated to Rosy, fittingly 
the only double dedicatee.  All persons honored with a 
dedication are listed on the front pages of the 
conference proceedings.   

The WPDC has embraced its Canadian and 
Mexican participants and they have been an integral 
part of the conference.  Dr. Craig Riddell became the 
WPDC’s first Canadian program chairman in 1974 and 
it’s president in 1975.  The next Canadian to be WPDC 
program chairman and president was Dr. Keith 
MacMillan in 1999 and 2000 respectively.  Dr. Gabriel 

Galvan was the conference’s first and only Mexican 
program chairman and president for the 25th and 26th 
WPDCs.  There have been ANECA program chairmen 
in 1980, 1986, 1991, and 1996 who worked closely 
with the program chairmen of the WPDC but never 
another WPDC program chairman or president from 
Mexico.    

The WPDC has been an international meeting 
almost since its inception and one innovation in 
particular deserves mention for the role it played in 
furthering the accessibility of the conference to 
international attendees.  The WPDC became the first 
and the only regional poultry veterinary conference to 
offer simultaneous translation of its sessions into 
Spanish.  In 1975, Dr. Dean Young convinced Elanco 
Animal Health to donate the use of their translating 
equipment to the WPDC.  This equipment was difficult 
to manage and required almost constant battery 
changes, a task Dr. Young took on himself during the 
conferences.  Dr. Ben Lucio-Martinez, Dr. Victor 
Mireles, and Dr. Mariano Salem generously provided 
translation services at the 24th through the 47th 
WPDCs.  Dr. Pedro Villegas joined them as a translator 
for the joint 45th WPDC and 21st ANECA conference 
in 1996.   

Among the many loyal and constant attendees of 
the WPDC, Dr. Don Zander and Dr. Bryan Mayeda 
had a running contest as to who would miss the first 
conference.  These two renowned Western poultry 
veterinarians were both present at the 1st meeting and 
attended every WPDC until the 7th in Pullman, 
Washington when Dr. Mayeda failed to attend.  Dr. 
Zander attended every WPDC until 1998 when an 
illness prevented him from attending the 47th 
conference.  The attendees of the meeting signed a 
copy of the proceedings and sent it to this friend of the 
WPDC.  Dr. Mayeda continues his tradition of 
attending all Sacramento and Davis meetings and will 
attend again in 2001.  Dr. Mayeda reminds us that his 
own record of attendance pales in comparison to that of 
Dr. Zander who had to travel from the state of 
Washington to attend the WPDC while Dr. Mayeda 
had only 15 miles to travel from Sacramento to attend 
the Davis meetings.  Dr. Zander was honored with the 
dedication of the 45th proceedings and the 46th 
proceedings were dedicated to Dr. Mayeda. 

WPDC traditions.  In 1952, Davis regulations 
prohibited the sale of alcoholic beverages within three 
miles of the campus.  This meant few restaurants and 
no bars in the city limits.  And the beginning of the 
welcome reception was really an outgrowth of very 
early conferences when the last and only northbound 
train, left at 7:30 pm.  Participants heading home to 
Oregon, Washington, and western Canada were left 
with nowhere to get a meal in Davis.  The answer was 
New Mexico chili and beans and a Scotch drink 
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(Bobby Burns) at someone’s home.  As the number of 
people attending the WPDC grew, the receptions grew 
into the infamous wall-to-wall affairs with drinks, 
snacks, and the famous “turkey fries” in great supply.  
Thus, what is today known as the welcome reception 
really began as a farewell party.   

A final word.  The WPDC has changed and grown 
over its 50-year history as we have chronicled here.  
Over the years, one aspect of the conference has 
remained constant, its focus on poultry health.  The 
proceedings of the meetings accurately reflect the 
changing disease concerns and approaches to 
management and treatment over this 50-year period 
(1).  In the early and mid-fifties, Salmonella pullorum-
contaminated vaccines caused severe losses for the 
poultry industry.  Discussions about the problem and 
its solution dominated the early meetings (4).  
Unfortunately, since proceedings were not made for 
those early meetings no written record remains of those 
discussions.  Marek’s disease (MD) devastated the 
poultry industry in the sixties.  The number and tone of 
the papers in the proceedings of the 16th through the 
25th WPDCs reflect the intense concern and later the 
triumph of controlling MD.  In the early 1970’s the 
poultry industry in the West was challenged with an 
outbreak of exotic Newcastle disease, then called 
viscerotropic, velogenic Newcastle disease.  Exotic 
Newcastle disease (eND) was diagnosed in chickens in 
Fontana, California in the fall of 1971 and its control 
changed the face of the Western poultry industry.  The 
1972 and 1973 proceedings (21st and 22nd) contain a 
series of papers describing the outbreak, reviewing the 
disease, outlining vaccination protocols, and evaluating 
the economic impact of the outbreak.  In 1974, a 
special workshop on Exotic Avian Disease—
Prevention, Control, and Eradication was held in 
conjunction with the 23rd WPDC and its papers are 
included in the proceedings.  That workshop provided 
an opportunity to learn from the practical and 
philosophical lessons of the eND outbreak in 
California.  In the decade of the nineties, a steady 

stream of papers on the epidemiology and control of 
Salmonella enteritidis reflect the emerging importance 
of this agent in issues facing the poultry industry.  
Throughout the history of the WPDC, poultry 
veterinarians have sought answers to the disease 
problems of the day.  The pages of the compiled 
proceedings are filled with innovations in treatment 
such as antibiotics, vaccines, coccidiostats, methods 
and agents for pest control and regulatory programs.  
Some of these innovations have thankfully disappeared 
but some of them have contributed greatly to poultry 
medicine.  The proceedings are now fully available in 
digital format, thanks to Dr. Rich Chin, representing 
another advance for the conference.  The rise and fall 
of diseases, the effects of vaccines, medications and 
changing management systems are reflected in the 
pages of the WPDC proceedings.  We encourage you 
to explore these pages both for their scientific content 
and for the history they embody. 
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As an aside, Rosy has not attended all of the WPDCs.  
He missed the 3rd meeting when he was on sabbatical 
from UCD at the University of Wisconsin to complete 
his PhD degree.   He also missed the 7th and 12th 
conferences. 
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Today’s commercial turkey industry owes a great 
deal to individuals and organizations dedicated to 

controlling vertically transmitted diseases caused by 
the Mycoplasma species.  Mycoplasma infection in 
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turkeys was first described in 1905 (3) and was 
commonly known as “swellhead”, “sinusitis”, or 
“roup”.  Later, in 1938, the name “infectious sinusitis” 
was given by Dickinson and Hinshaw (2).  The 
recognition of the infectious nature of the disease 
condition opened the door to increased scientific 
inquiry of the causative agent.  M. gallisepticum, M. 
synoviae, and M. meleagridis subsequently became 
targets of disease control programs (6).  Hallmark 
organizations such as the National Poultry 
Improvement Plan (NPIP) and National Turkey 
Improvement Plan (NTIP) were organized to provide 
funding and to create uniformity in testing procedures.  
The NPIP, founded in 1933 as a voluntary program to 
control Pullorum Disease, grew to include the testing 
of turkeys and other species.  The NTIP was 
established in 1943 with the aim of applying NPIP 
testing methods to turkey flocks (5).  The development 
of the tube agglutination test by 1927 (1), the rapid 
whole-blood stained-antigen test in 1931, and the rapid 
plate serum test in 1927 (4) were essential to 
identifying “reactor” birds and establishing M. 
gallisepticum, M. synoviae, or M. meleagridis free 
flocks.  Serologic testing combined with antibiotic egg 
dipping allowed for the attainment and maintenance of 
breeding flocks that were “Mycoplasma-Clean”.  The 

California breeding program, established by 1947 
under the NTIP, benefited from multiple contributions 
by veterinarians such as Dr. Henry E. Adler, Dr. 
Richard Yamamoto, and Dr. Walter W. Sadler in 
mycoplasma research (1). 
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In 1940 Beaudette (1) reported a case of 

Pasteurella pseudotuberculosis (P.ps.) in a blackbird 
along with a comprehensive international review.  He 
indicated that the organism had never before been 
positively identified from any US outbreaks of disease 
in birds and was almost ostracized by the AVMA 
poultry committee for a lengthy report on such an 
unimportant subject. 

Rosenwald and Dickinson (4) reported on the 
occurrence of a disease in turkeys, which appeared in 
the fall of 1940, and again in the fall of 1941.  Based 
on known facts discussed by Beaudette (1), bacterial 
isolation, and observation, they made a diagnosis of 
P.ps. (pseudotuberculosis).   

Several outbreaks of a disease marked by anorexia, 
diarrhea, droopiness, lameness in a few, and sudden 
death of some affected birds occurred in a few turkey 
flocks in Oregon during the fall of 1940.  Postmortem 
findings were not constant, although miliary, light-
colored areas of necrosis and infiltration in the liver and 

spleen and catarrhal enteritis were the lesions most 
regularly noted.                              

--Rosenwald and Dickinson, 1944 
Several of the dead and ill birds were examined 

and P.ps. was recovered from some of the affected 
birds.  Guinea pigs were inoculated with pure P.ps. 
from the turkeys and subsequently died with gross 
lesions consistent with those described by Moss and 
Battle (2).  The organism was recovered from them 
postmortem.  One white leghorn pullet was inoculated 
intravenously with live P.ps. culture, died and P.ps. 
was recovered postmortem.  A turkey fed the liver of 
an infected turkey became sick, but survived, and 
surprisingly no P.ps. could be recovered. Neither 
histopathological studies nor virus isolation was 
attempted on any of the affected turkeys.  Thus, 
although P.ps. was involved in the turkey disease 
outbreaks, Koch’s postulates could only be partially 
fulfilled.  
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Years after this report was published, the senior 
author of this paper read a review of 
reticuloendotheliosis virus (REV) strain T by Robinson 
and Twiehaus (3).  That paper sparked a recollection of 
this case of disease outbreaks in turkeys published 30 
years earlier.  Based on the gross appearance of 
affected turkeys, the author is convinced a mistaken 
diagnosis was made that he would like to correct.  As 
late as 1984 the senior author begged the editor of 
Diseases of Poultry to correct references in the text to 
the 1940-42 turkey problem. Though there is no way to 
prove the true causes of these disease outbreaks, the 
appearance of the gross lesions, the course of the 
disease, the inability to reproduce the lesions seen and 
the lack of signs seen in turkeys inoculated with pure 
cultures of P.ps. strongly indicate that the 1940-42 
outbreaks reported, were due to P.ps. and REV.  
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