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SPECIAL ACKNOWLEDG:MENT 


The Western Poultry Disease Conference (WPDC) is pleased to acknowledge substantial contri buti ons to its Speaker's 
Fund. These contributions provide support for outstanding scientists whose participation might otherwise not be possible. 
Over thirty-fiw organizations and companies have given substantial financial support. and many companies and organiza
tions, including some that also contribute to the Speaker's Fund, send speakers at no expense to the conterence. We thank 
all these. 

We especially thank the American Association of Avian Pathologists for its generous program enrichment grant that help 
bring speakers from other regions. WPDC also sends "tbanks" to the Asociacion Nacional de Especiali ·tas en Ciencias 
Avicolas de Mexico (ANECA) for jointly defraying expenses of several of our speakers. WPDC is most grateful to Pfizer 
Animal Health for sponsoring and hosting the "Pfizer Classic" as a welcoming reception at tbe Towe Ford Museum. 

Our distinguished patrons, donors, and sustaining members are listed on the following pages. We greatly appreciate 
their generosity. 

Many have provided special services that contribute to the continued success of this conference. We express special 
thanks to Bryan Mayeda and those who have helped him with the local arrangements at Sacramento; members of the 
translation crew (B. Lucio, M. Salem and V. Mireles), who make a major contribution in providing the excellent Eng
lish/Spanish translation and other bilingual assistance; the program chair, Singh Dhillon; and all othe who contribute to 
the program and host committees. 

We express our gratitude to all authors who submitted manuscripts. We give thanks and acknowledgment to Brigham 
Young University, Department of Microbiology, who hand led the publication of the proceedings. We especiall y thank 
Angela Shaeffer for typing and formatting the manuscripts and Jennifer Harri 'on for coordinating the computer de ktop 
publishing of the proceedings. We also thank Bruce Patrick (Graphic Communications, Brigbam Young Universi ty) for tht 
cover design and interior layout, and Brigham Young Uni versity Print Services for the excellent and timely printing of the 
Pr ceedings. 

WPDC SPECIAL RECOGNITION AWARD 

At this year's conference, the WPDC is pleased to present its Special Recognit ion Award to: 

Royal A. Bagley 

for his many contributions and for his many years of support and 'ervice to the poultry indu ·try and to this confurence. 
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DEDICATION OF THE 42ND WESTERN POULTRY 

DISEASE CONFERENCE TO THE MEMORY OF 


WALTER WHITE SADLER, DVM, MPH 


1913-1992 

WaH was bom in Biloxi, Mississippi. He received his baccalaureate de tee and DVM from Texas A and M University, 
and his MPH from the University of California. He was on the staff and faculty of the School of Veterinary Medicine, 
Davis. from 1950 until his retirement io 1983. He was Chair of the Department of Epidemology and Preventive Metlicine 
from 1970 to 1977 and directed the Master of Preventive Medicine program in which he played a major designer role, 
from 1977 to 1983. 

He was recognized internationally and travelled world-wide to help advance programs in poultry disease control and in 
public health. He was a rare and unusuaJ teacher, e pecially one-oo-ooe; he was a person of inci iYe intellect as an 
i.nvestigator and a real "people" person with a dry and wonderful sense of humor. But it i a tbe developer of the 
WPDC's financial progrnm that he is specially remembered . 

He was a founding member of the WPDe. In 1990, the organization recognized him for his many contributi ns to the 
poultry industries and the confurence. Unfurtunately he was unable to be present on that spe ial occasion. 

This dedication is a special recognition for his many contributions and as the developer of the WPDC's financial 
program. In 1960, a collection of $2.00 per participant was initiated: Dr. Sadler wetS designated as custodian of the 
funds. He willingly accepted the responsibili ty, but not the title, saying it implied j anitorial status! Walt personally set up 
a bank account of his own for the fuods and when contri butions from industry grew, he established the University of 
CaJiromja extramuraJ fund or account which is sti ll operating. w.w. died at his home on October 3 , 1992. We all owe 
him a real debt for his enthusiasm, originali ty and foresight and for his constant vigilance on behalf of the poultry industry, 
general and specific public health, student well-being, the veterinary and ancillary professiolls-"and especialJy fo r this 
unincorporated organization--the Western Poultry Disease Conference, which he helped establish. For aU this and many 
other reasons, we proudly dedicate the 42nd Western Poultry Disease Conference (WPDC) to Walter White Sadler. 

DEDICATION OF THE 1992 WPDC TO 

MARCUS M. JENSEN 


For his many contributions to the Western Poul try Disease Conferences. Betore 1986, the WPDC proceedings were 
assembled and mailed t\M:) to six months after the conference. In 1986, Drs.. McMartin and Lucio combined to have the 
proceedings of the joint ANECA-WPDC avaiJable at the meeting in Puerto Vallarta . Since then, Dr. Marcus Jensen has 
been working tirelessly with a stellar crew at Brigham Young University to publish and transport beautifully designed and 
printed proceedings for the five conferences (1987,1988, 1989, 1990 & 1992) held in the United States. Dedication of tbe 
1992 conference is a smail "thank you" to Marcus Jensen, which we could not "sneak" into the 1992 WPDe Pr ceedings. 
It is a tribute to Marcus' dedication to do a great job of gett ing complete useful proceedings for timely distribution for all 
of us and to his many other helpful innovations. Thank you, Marcus! 
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MINUTES OF THE 1992 41ST WESTERN POULTRY DISEASE 
CONFERENCE BUSINESS MEETING 

President Richard P. Chin called the meeting to order at 11:30 a.m. on March 2 , 1992 at the Capitol Plua Holiday 
Inn, Sacramento, California. The minutes of the 40th WPDC business meeting as printed in the 41st Proceedings were 
approved. 

President Chin acknowledged with thanks the contributions of AAAP, ANECA, Patrons, Donors, Sustaining Members, 
and Friend of the Conference to the WPDC Speaker Funds as printed in the program. The Monday evening reception, 
"The Pfizer Express," sponsored by Pfizer Animal Health was also acknowledged. 

Dr. A.S. Rosenwald, Treasurer, reported thai the WPDC had a balance of $2000 after tbe 1991 meeting. Since then, 
a balance of $13,500 had been accumulated. A balance of approximately $5,000 is expected at the completion of the 1992 
conference. Eleven speakers were invited to the 1992 conference. 

A discussion on fees for students attending the meeting concluded with general agreement that students should be 
encouraged to attend and participate. A fee of $35, for banquet and Proceedings, or $10 fur Proceedings only, was 
approved. 

Dr. Chin made the following announcements: 

I) The 1992 WPDC Achievement Awards would be presented to Dr. Henry E. Adler (posthumously), Dr. Raymond 
A. Bankowski, and Dr. Charles E. Whiteman. 

2) That the 1992 WPDC would be dedicated to Dr. Marcus Jensen. Editor of the Proceeding. 
3) The winner of the "Best Poster" would be selected by a committee (it was later determined to be Dr. R. DrouaJ 

for his poster titled, ·Severe Mortality in Broiler Chickens Associated with Mycoplasma synoviae and Pasteurella 
galIinarum"). 

In a discussion of a Local Arrangement Coordinator, it was decided that a Local Arrangement Coordinator would be 
desirable (later Dr. Bryan Mayeda accepted this position which was announced at the banquet). 

Dr. Marcus Jensen, Editor of the Proceedings, reported that the 1992 Proceedings consisted of 95 pages of manuscripts 
and cost $5700 for 883 copies. He indicated that the 1992 proceedings was somewhat sborter than previous ones perhaps 
because of our empbasis to shorten some of the lengthy papers that we have had in the past. He will write instructions for 
the next Proceedings that will hopefully result in submissions that will not be too long or too short and still be infurmative. 

Dr. Rosenwald announced that the 42nd WPDC will be held on Feb. 28, March 1 and 2, 1993 at the Capitol Plaza 
Holiday Inn, Sacramento, CA. 

Dr. Yamamoto announced that an evaluation sheet will be handed out at the conference in order to obtain better 
fuedback from the membership on the quality and direction of the conference. 

The 1992 WPDC conference is expecting 280 registered participants from 23 states and 10 countries. 
Dr. Hugo A. Medina was nominated for Program Chairperson-elect, and was elected unanimously. The officers for 

1993 are constituted as fullO'NS: 

Program Chairperson: Dr. A. Singh Dhillon 
President: Dr. Rocky Terry 
Secretary: Dr. Richard Yamamoto 
Treasurer: Dr. Arnold S. Rosenwald 

Local Arrangements, Chairperson: Dr. Bryan Mayeda 
Program Cbairperson-elect: Dr. Hugo A. Medina 

Editor, Proceedings: Dr. Marcus Jensen 

Pre ident Chin passed the gavel over to the incoming President, Dr. Terry, and the meeting was adjourned at 
12:15 p.m. (Outgoing Pres. Chin was presented with the President's plaque at the banquet) . 

Respectfully submitted, 

Richard Yamamoto 
Secretary, WPDC 
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POULT ENTERITIS: DIAGNOSTIC OBSERVATIONS 

OF SELECTED CASES 


B. R. CbarltonA
, B. C. BarrB

, 1. MooreB
, 

B. W. NordhausenB, and P. Woolcockc 

UC Davis, California Veterinary Diagnostic Laboratory System, 

TurlockA/Davisll/Fresnoc, '1550 Nortb Soderquist Avenue, 


P.Q Box 1522, Thrlock CA 95381 


Poult enteritis is a significant problem to the turkey 
industry. Diarrhea, vent pasting, decreased weight gains, 
and mortality have aU been associated with poult enteritis. 
The term "poult enteritis" is used to describe an enteritis 
of uncertain etiology in turkeys about 2 to 4 weeks of 
age. Although bacterial and protozoal agents can cause 
enteritis, viIaJ agents are· thought to be primarily 
involved. Numerous viral agents have been detected in 
the digestive system of young turkeys. The pathogenic 
potentials of a several viral agents have been documented, 
but frequently the exact role of the virus in the disease is 
uncertain. The disease is further complicated by the 
detection of multiple agents. 

The diagnosis of poult enteritis involves obtaining a 
complete history and performing a complete necropsy. 
The presence of bacterial and parasitic agents are demon
strated by culture, mucosal scrapings, and/or histopathol 
ogy. The presence of viral agents can usually be demon
strated by direct electron microscopy (OEM), viral isola
tion, and transmission electron microscopy (TEM). 
Although these procedures can demonstrate the presence 

of various agents, the role of each agent in causing enteri
tis cannot be established. The follO\oVing series of selected 
poult enteritis cases compared bistopathology and trans
missions electron microscopy of the intestinal mucosa 
with a non-poult enteritis case . The presence of viral 
particles on OEM examination of intestinal contents was 
used as the selection criteria of poUlt enteritis cases. 
All cases were from commercial turkey operation and 
involved birds at 2 weeks of age. Clinical histories de 
scribed birds as being noisy, off fued, droopy, and having 
a slight increase in mortality. Gross necropsy observation 
included litter accumulation in ventriculus, thin-\W.Ued 
ceca filled with foamy fluid contents. Salmonell(J species 
were isolated from several of the birds and most of the 
cases. One case had both coccidia schizonts and crypto 
sporidia oocysts, while a second case had an occasional 
coccidia oocyst. DEM resulted in visualizing 3 different 
viruses (rotavirus, reovirus, and entero-lilre virus) in the 4 
poult enteritis cases. Histopathology and TEM photomi 
crographs of the intestinal mucosa will be presented. 

NECROTIC ENTERITIS ASSOCIATED WITH 

COCCIDIOSIS IN TURKEYS 


R. Droual, H.L. Shivaprasad, and R.P. Chin 

California Veterinary Diagno ti c Laboratory System - Fresno Branch, 

University of California, Davis 


2789 S. Orange Avenue, Fresno, California 93725 


Necrotic enteritis is described mainly in broiler chick day of age. The litter in the growout bouse bad been 
ens where it is often associated with intestinal coccidiosis. used for 2 weeks, immediately prior to the placement, by 
There are very lew repor of necrotic enteritis in turkeys an older flock at one-half the normal stocking density. 
in the literature. The present report describes an outbreak Within 1 week of being placed on the used Iilter, the 
of necrotic enteritis in a flock of turkey breeder candi  mortality in the younger Bock rose sharply. Poults from 
dates which was associated with severe coccidiosis. tbis Bock were submitted to the California Veterinary 

A .flock of turkey breedeT candidates was moved from Diagnostic Laboratory System - Fresno Branch for evalu 
the brooder bouse to the growout bouse at 5 weeks and 4 ation. 
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Necropsy revealed a necrotic enteritis involving main· 
Iy the lower intestinal tract. Scrapings of intestinal muco
sa showed Illgh numbers of coccidial oocysts. Histopa
thology confirmed a severe coccidiosis and necrotic enter
itis associated with large rod-shaped bacteria. Clostridi
um perjrillgens and Salmonella arizollae were isolated 
from the intestines. 

Amprolium was present in the feed in the brooder 
house but not in the growout house when the Bock was 
transferred. One day after coccidiosis was diagnosed at 

our laboratory, the flock was treated with amprolium in 
the water for 5 days, after which amprolium was added to 
the teed. 1\vo weeks after treatment began, mortality 
returned to normal. Hawever, when breeders were se
lected at 17 weeks 3 days, the selected bUds were fuund 
to be about 450 grams (1 pound) lighter than expected for 
birds of the same age and strain. 

A more complete report is being submitted for publi
cation in Avian Diseases. 

CATARRHAL ENTERITIS IN TURKEYS ASSOCIATED 

WITH AN UNUSUAL FLAGELLATED PROTOZOAN 


G. Coope~ and H. L ShivaprasadB 

California Veterinary Diagnostic Laboratory System, University of California, Davis 

AThrlock Branch, 1550 N. Soderquist Rd., Turlock CA 95381 


BFresno Branch, 2789 S. Orange Ave., Fresno, California 93725 


During the summer of 1992, outbreaks of catarrhal 
enteritis, assocjated with an unusual ftageIJated protozoan 
parasite, were seen in 6 Califorrua turkey Bocks belong
ing to 3 separate companies. Flocks were uneven in size 
and had increased mortality rates and excessive numbers 
of culls. Affected birds were hunched up, ruffled, and 
depressed. Most had a foamy, yeUowish diarrhea. 

Gross necropsy of the birds revealed moderate dehy
dration. The smaU intestines were distended with fluid 
and ingesta, and large numbers of actively motile, flagel
lated protozoans were seen on micro copic examination of 
wet mount preparations taken from the jejunum and duo
denum. The parasites were much less common in the 
ilium, and were not observed in the cecum. 

On scanning electron micrographs, the organisms 
appeared to be attached to the surface of the intestinal 
epithelium by a ventral sucker-like apparatus, much like 
Giardia. The parasite was not definitively identified, but 
it closely resembles Cochlosoma analis , a rarely reported 
Bagellated protozoan found in the intestinal tract of ducks 
and turkeys2. 

10 most of the cases reported in the literature, C. 
analis was associated with other intestinal pathogens, and 

2 

believed to be of questionable pathogenicityl-3. However, 
in Scotland, in 1945, a severe outbreak: of catarrhal ent.er
iti, wruch resulted in higb mortality in turkeys, was 
directly attributed to C. analis1

• In the current outbreaks 
of catarrhal enteritis in California, a variety of intestinal 
pathogens were identified, including Salmonella, Campy/
obaeter jejulli , picornavirus, and coroavirus-Iike particles, 
as weU as the intestinal flagellates. The only organisms 
found consistently in all cases, however, were the intesti 
nal flagellates. 
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The succession of microbial flora from the turkey few days of lire and included such organisms as Staphylo
poult jejunum was explored on several commercial turkey coccw species and Enlerococcus species. Some Gram
ranches. A pattern of microbial flora was common to negative enterics were also seen during the first 2 weeks 
several ranches. The early microbial flora in the poult of life and included Klebsiella species, Proteus species, 
jejunum appeared to be variable from Day 0 to about 3 and Salmonella species. After 3 weeks of age, a predom
weeks of age. E. coli appeared to establish early in the inant flora consisting of E. coli, Lactobacillus species, 
poult's lite, i.e. establishment at Day 1 on the ranch. and Campylobaeter jejulli was noted in turkeys on ranches 
Gram-positive organisms were also seen within the first participating in the study. 
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So-called runting stunting syndrome (RSS) in poultry 
around the world is characterized primarily by a failure of 
chicks to grow rapidly and feather normaUyl,S.7 . However, 
these I\m clinical signs simply indicate the obvious; that 
chicks are fitili.ng to thrive is due in part to: 1) a defini
tive diagnosis can not be made without adequate diagnos
tic testing, 2) clinical signs are not synonymous with a 
diagnosis, and 3) a long list of metabolic, nutritional, 
toxic, and infectious agents wiU cause chicks not to 
thrive; just what constitutes RSS remains a diagnostic 
dilemma.. We have recommended that the u e of the 
imprecise acronym ~RSS" be discontinuedl. 

Several in~tious agents have been associated with 
fuiJures to thrive. However, clinicians and researchers 

agree that illness is exacerbated by nutritional, bu bandry, 
and hygienic fuctors l.S. Recently the potential for roles 
played by many viruses have been emphasized6• Experi 
mental infection of chicks with a combination of viruses 
and bacteria most closely mimics spontaneous illness~ . 

A recent retrospective study in Georgia established 
that coccidiosis is the leading cause of microscopic diag
no es of enteritis among broiler chicki'. Viral and bacte
rial enteritides also were common. . 

Chicks tbat were micro copicaUy diagnosed as having 
enteriti were infu.cted with several viruses. In all but 
I'M> cases, only small round viruses consistent with en
terovirus were seen in small intestinal lesions. Enterovir
uses FP3, 700, 612, and avian nephritis virus were isolat
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sional togavirus-like virus (TVLV) particles were seen4
• 

The light-microscopic lesions in TVLV-infucted chick 
intestines werc~ different from intestinal lesions in entero
virus- or reovirus-infucted chicks. 

EpornithologicaJ data indicate that diagnoses of viral 
enteritis are: 1) first made when chicks are young 
(Fig. 1), are more common among certain broiler-prod
ucing companie (Fig. 2) , and 3) may have a seasonal 
pattern (Fig. 3) . Viral enteritis will often result in sub
stantial financial losses for the poultry producer. Among 
Georgia broiler-producing companies in the present study, 
body weights predictably fell short of target at market age 
(range of lost weight were 0 .15 to 0.63 pounds). 

We do not speculate that a cause-and-effect relation
ship necessarily exists between intralesional enterovirus, 
reovirus, or togavirus and illness in chicks in the present 
study. Because many etiologies are strongly associated 
with failure of chicks to thrive, it is reasonable for us to 
describe future cases of enteritis as objectively as possi
ble. Cases with an intralesional agent(s) should be de
scribed ac ording to the presence of those agents (e.g., 
reovirus-associated enteritis; [RAE]). For example: RAE 
must be differentiated from ca es of enteritis with intraJe
sional togavirus-like particles, enterovirus-like particles, 
combinations of aU three, or cases with none of the 
above. 

Although finding intralesional virus in small intestinal 
segments from chicks that are failing to thrive and that 
have microscopic evidence of enteritis constitutes a rea
sonable criterion for making a diagnosis of viral enteritis; 
chicks without detectable virus inrections and without 
bacterial or protozoal enteriti may also be mall and 
abnormally feathered. Thus. even with the use of tools 
such as the transmission eJection microscope, conclusive 
evidence concerning the etiology of gastroenteritis usually 
remains elusive simply because the failure to find an 
agent is not synonymous with the absence of that agent. 
Better diagno tic tools are needed. In cases where an 
intmlesional etiologic agent is not detected, a diagnosis of 
idiopathic enteritis should be made. 
InfonnatioD in Ibis abstract will be pubtished in Allian Diseasei·'. 
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Figure 1. Diagnoses of viral enteritis are common 
among young chickens. 
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Figure 2. The incidence of viral enteritis varies among 
companies. 
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Figure 3. Temporal distribution diagnoses of viral 
enteritis for 1991-92. 
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INTRODUCTION 

SurveilJance of infectious bronchitis virus (IBV) is a 
difficult task and perhaps very expensive to undertake on 
a routine diagno tic setup. However, it is very important 
in recognizing and understanding new and emerging 
serotypes. DeterminIDg the epidemiology and economic 
significance of the serotype of field i olates of LBV is 
important in the implementation of an immunization 
program. 

Nephrotrophic strains of mv have occurred very 
rarely in California, being reported only once previously!. 
This report describes lesions in the commercial fl ock of 
puUets infucted with 2 nepbropathogeruc strains, a Con
necticut strain, and a strain not identical to any of the 3 
major strains of mv (Massachusetts, Arkansas, or Con 
necticut). 

CASE REPORT 

A nepbropathogenic Connecticut strain (flock A) and 
an undetennined strain (flock B) of infuctious bronchitis 
virus were isolated from Jcidneys of 6-week-old commer
cial puIJets from 2 different furms in southern California. 
Both furms wer owned by the same person, however, 
flock B had a better management than flock A. The 
flocks were comprised of 2 strains of White Leghorn 
puIJets housed in separate but adja ent buildings. OnJy 
one strain was affected on each premise. There was a 
total of 42,000 birds kept in 4 different houses in flock 
A. About 1 week prior to submission, this flock had a 
spike in mortality due to acute inrectious bursal disease. 
At submission, there was clinical depression and a second 
spike in mortality averaging to 30 per day with a total 
death 10 S of 1213 birds. Ten birds, 6 live and 4 dead 
were necrop ied. In flock B, there were 200,000 birds 
which were kept about 10,000 birds per bouse. Three 
houses were affected. A slight increase in mortality was 
noted, about 8 to 10 a day per bouse with a total of 336 
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birds at the time of submission. Eleven birds, 6 live and 
5 dead were submitted for necropsy. 

Dehydration was commonly seen in all 21 birds nec
ropsied. Gross renal lesions consisted of swoUen, pale 
kidneys with dilated tubules and ureters distended with 
urates. Three birds in flock B bad watery discharges 
from the sinuses and sho~ mucoid exudates in tracheas. 
Some bursas showed marked atrophy. Mjcroscopically 
renal changes were associated in the medullary zone and 
primarily consisted of an interstitial mononuclear cell 
infiltration, urate deposition, edema and cystic renal 
tubules often containing epithelial debris and heterophil&. 
Three birds in flock B had lesions in tracheas comprised 
of mild thickening of the mucosa, desquamation of ciliat
ed epithelia and squamoDs metaplasia. The bursas 
showed varying degrees of lesions. Some sbowed lym
phoid necrosis, others had lymphoid depJetion with mild 
atrophy of lymphoid follicles. Bacteriological cultures 
were negative from multiple tissues from birds in flock B. 
Bacteriology revealed large numbers of Escherichia coli 
from tissues of one bird in flock A. No culture was 
performed from tis ues of the remaining birds in flock A. 
A suspension of kidney pools inoculated in lO-day-old 
chicken embryos were positive for coronavirus after 
second pas age. Inoculated embryos howed stunting, 
curling, and clubbing of feathers. The coronavirus was 
confirmed by electron microscopy (flock B) and by use of 
monoclonal antibody based immunoperoxidase assay 
applied to the infucted chorioallantoic membranes (flock 
A & B). The immuooperoxidase staining was perfurmed 
using a group specific anti-mV monoclonal antibody, 
provided by Dr. Syed Naqi from ComelJ University, as 
the primary antibody. Formalin-fixed tissues were pre
pared as usual and incubated with the primary antibody 
which had specificity fur the matrix proteins of m v . 
Commercial ABC (avidin-biotin-complex) kits were used 
to visualize the primary antibody. Normal mouse serum 
was run in parallel as a negative control. Serotyping was 
done by Dr. Naqi by using serotype specific monoclonal 



antibody based immunoperoxidase staining strains of my. REFERENCFS 
The isolates were detennined to be Connecticut strain 
(flock A) and a strain not identical to any of the 3 major 
strains (Connecticut, Massachusetts, and Arkansas) (flock 
B). Nephropathogenecity was determined using the iso
late from flock B. A birnavirus WBS also isolated from 
tissue pools of birds in flock B. Nephropathogenecity 
study was not yet done using the Connecticut mv strain. 

DISCUSSION 

Nephropathogenic strains of mv have been identified 
throughout the worldJ·2,3,4 • .s.6. The reason for new emer
gence of 1BV strains is uncertain. Investigators speculate 
that the virus may have acquired new tissue or organ 
tropism as a result of natural mutation or vaccination 
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The outbreaks limited to 1 strain of pullets 00 both 
fiums under similar management may suggest perhaps, 
there exists a genetic susceptibility or predisposition. The 
bursal lesions are not unusual finding in recently vaccinat
ed chicks, and thus, a birnavirus isolated from tissue 
pools (flock B) probably reflected a vaccine strain of 
mv. 
"A full length IIrticle will be published in Avian Diseases. 
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Infuctious bronchitis (IB). is a common disease of 
chickens. The virus of ill (IBV) is highly contagious and 
affects breeders and layers in addition to young chickens. 
Respiratory disease, nephrosi~ egg production drops and 
shell quality problems have aU been associated with IBV 
infections. Protecting commercial chickens against dis
ease from exposure to environmental mv by vaccination 
is a challenge exacerbated by the variety of ~variant· 

serotypes that may be present. 
An isolaru of mv from broilers in California W1lB 

determined to be unique by antigenic characterization via 
virus neutralization (VN) tests. This California variant 
(CaV). was used with other reference strains of mv 
(Mass., Ark. , Conn.) to produce type "'Pecific antisera in 
specific-pathogen-free (SPF) leghorns. These antisera 
were then used fur VN testing of isolates of mv from 
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commercial broilers. Sentinel SPF chickens and field 
broilelS exhibiting clinical sigos of mv were used to 
obtain samples from tracheal swabs, cecal tonsils, and in 
1 case kidneys, for the mv isolations,. 

Eleven mv isolates were colJected over a 4 month 
period. Evaluation by VN witb tbe type-specific antisera 
of the isolates revealed 4 isolates of mv found in com
mercial vaccines, 6 Ca V isolates, and an isolate that was 
not neutralized. No mixed infections were identified. 

Tht: isolalion of the strains of my a.ssocjated with 
vaccines is possibly due to persistence fmm vaccination.. 
The origin of the Ca V strain remains unclear. It could be 
found in birds on first run litter. In view of these results, 
further research on variant mv isolates is necessary as 
are cballenge studies to determine opfimal vacc.ination 
scbemes to maximize protection. 

http:nephropathogeo.ic


INFECTIOUS LARYNGOTRACllEmS IN BROILERS 

lA. Linares\ A.A. Bickford\ G.L. Cooper\ 
B.R. Charlton\ P.R. WoolcockB 

ACalifornia Veterinary Diagno tic Laboratory System 

University of California-Davis. Thrlock Branch, P.D. Box 1522, Thrlock, California 95381 


BCalifornia Veterinary Diagnostic Laboratory System University of California-Davis, 

Fresno Branch, 2789 South Orange Ave., Fresno, California 93725 


lnfuctious laryngotracheitis (ILT) was diagnosed as the The classical form of ILT is characterized by respira
cause of a recent outbreak of respiratory disease in broil  tory depression , gasping, and the expectoration of bloodl. 
ers in California. ILT has not been diagnosed in broilers Severe laryngotracheitis, often with bloody exudate in the 
in the California Veterinary Diagnostic Laboratory Sys trachea is a typical finding" . Conjunctiviti and sinusitis 
tem fOT the last ten years' . This report presents the diag may be the only gross findings in the less pathogenic 
nostic findings of this outbreak. form of the disease4 

• During this outbreak of ILT, most 
The first case of the outbreak was a diagnostic chal of the broilers submitted to our laboratory did not show 

lenge. Mucoid to hemorrhagic exudate was observed in the classical form of the disease. Gasping, coughing, 
the tracheas. Microscopic examination confirmed a se moist raJes, and slightly hyperemic tracheas containing 
vere acute tracheitis but intranuclear inclusion bodies copious mucus can be caused by respiratory diseases 
diagnostic for ILT were not round. Birds were requested other than IT.T, i.e., Newcastle disease, infuctious bron
for serologic monitoring. A rising titer to ILT was dem chitis, and avian influenza. As this outbreak demon
onstrated after a week by the Kirkegaard-Perry ELISA strates, ILT cannot be reliably diagnosed based on clinical 
and considered indicative of ILT infuction since the birds and gro s lesions alone3

• Laboratory confirmation should 
were not vaccinated for ILT. ILT virus was isolated be obtained prior to the implementation of control proce
subsequently, but not before other cases were received. dures3• Poultry veterinarians, field service personnel and 
The second case consi ted of ten 45-day-old broilers with producers should be aware of this non-clas ieal presenta
a c1inieal history of flock mortality doubling over a period tion of ILT in broilers. 
of 2 days, birds gasping and blood in the tracheas. On 
presentation the 3 live birds were gasping, coughing, and REFERENCES 
had moist rales. The combs and wattles had a cyanotic 
appearance. The tracheas were slightly hyperemic and 1. Bickford, A.A. Personal communication. 
contained copious mucus. No blood was found in the 2. Davidson, S. R. Eckroade, and K. Miller. Laryn
tracheas. Microscopic lesions consistent with ILT were gotracheitis - the Pennsylvania experience. In: Proceed
found in the conjunctiva, trachea, and lung. Tracheal ings of the 23rd National Meeting on Poultry Health and 
lesions were most consistent at the level of the tracheal Condemnations. Ocean City, Maryland. pp. 14-19. 
bifurcation. ILT virus was i olated from the trachea. In 1988. 
the cases that followed, a few dead birds bad gross le 3. Hanson, L.E. and T.J. Bagust. Laryngotracheitis. 
sions characteristic of ILT consisting of severe diffuse 10: Diseases of Poultry, 9th ed. B. W. Calnek, H.I. 
hyperemia and a fibrinous pseudomembrane in the larynx Barnes, C.w. Beard, WM. Reid, and H.W. Yoder, Jr. 
and trachea; however, the most consi tent gross findings eds. Iowa State University Press, Ames, Iowa. pp. 485
were conjunctivitis and mucoid tracheitis. Similar find  495. 1991. 
ings were reported in some broiler flocks during an ILT 4. Whiteman, C.E. and A.A. Bickford. Avian Dis-
outbreak in PennsyJvania where the principal gross find ease Manual. 3rd ed . Kendall /Hunt Publishing Co.• 
ings were mucus in the trachea and conjunctivitis2

• Dubuque, Iowa. pp. 53-55. 1989. 
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This diagnostic report will present infunnation Oil 

three conditions observed over the past year at the Thr
lock Branch of the CVDLS- rhomboidal crystalline intra
nuclear inclusion bodie in pigeon hepatocytes, Enterococ
cus dura/IS septicemia in newly hatched cruckens, and 
wry neck deformity associated with Mycoplasma melea
gridis (MM) in backyard turkeys. 

Rhomboidal Intranuclear Inclusions: In one young 
adult pigeon (of 10 mixed-age birds with respiratory 
disease), the liver was slightly swoUen and mottled. 
Histologically the hepatocytes were generally swollen with 
foamy cytoplasm and virtually aU bad finely granular pale 
eosinophllic intranuclear inclusion bodies. The nucleolus 
was usually prominent and central but, in ome cells, was 
displaced eccentrically by the inclusion body. In several 
cells there were brightly eosinophilic and refractile elon
gate crystaUine inclusions within the nucleus. These 
crystalline inclusions resembled closely those reported in 
dogs and other mammals but to our knCfWledge have not 
been reported in avian species. Ultrastructurally, the 
general inclusions appeared to consist of fine filaments in 
a rather loose array and no viral particles were observed . 
The crystalline inclusions consisted of very dense material 
with distinct pyramidal or rhomboidal sbapes. 

Enterococcus durans Septicemia: In rnu submi ions 
of crucks (one layer Bock and one broiler flock) with rugh 
mortaJjty in the first week after placement, a variety of 

neurologic signs, swoUen livers and spleens, and occa
sional Large retained yolks with watery blood-tinged con
tents were observed. Cultures of livers yolk sacs, and 
brains yielded Ellterococcus duraflS . In sections of brain 
there were focal areas of malacia in the brain stem and, 
more rarely, in the adjacent cerebellum, but there was 
little evidence of bacterial infection (no beteropbil re
sponse) except for scattered fibrin thrombi in maLacic 
lesions. Attempts to reproduce this condition in day-oLd 
chicks using one of the Enterococcus isolates clearly 
establi. bed a septicemic infection, but failed to produce 
the observed neurologic disorders and brain lesions. 

Wry neck in Turkey Poults with M.M Infection: In 
the years before MM control in primary breeders, it was 
fairly common to observe neck deformities in a variable 
percentage of turkey poull>; during late brooding or early 
grow-out. The Last case I recall seeing in commercial 
turkeys was in the late 1960's. The present case consist
ed of rnu 5-week-old Bronze turkeys from a mixed back
yard poultry tlock (ducks, geese, chickens, and turkeys) 
with classical wry-neck. The necks could not be straight
ened, indicating skeletal deformity rather than a neurolog
ic disorder. These poull>; had plaques of exudate in the 
thomcic and abdominal air sacs arui Mycoplasma melea
gridis was cultured. Histologic evidence was found for 
inflammation of cervical air sac diverticula with involve
ment of ossification centers and articular surfaces. 
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lNTRODUCfION 

In recent years, an increased number of unusual bacte
rial granulomas have been observed in the spleens, livers, 
and less frequently other visceral organs of young chick
ens2• These granulomas have been observed at inspection 
in USDA inspected plants throughout the western, south
western, easter, southeastern, and mid\\oestern parts of the 
United States. The granulomas result in condemnation of 
effected viscera, and the lesions must be distinguished 
from malignant tumors caused by the avian leukosis com
plex. HistologjcaJ lesions and bacteriological findings 
indicated that the lesions may be caused by Eubacterium 
species similar to tho e described in the turkeyl.J.4. 

GROSS FINDINGS 

The spleen was the most commonly affected organ, 
and the liver was the second most frequently involved. A 
small number of cases bad granulomas in the kidney, and 
sporadic cases bad lesions in the lung pancreas, bursa 
heart, and intestinal tract or mesentery. The affected 
spleens were enlarged (up to 3cm x 5cm) many times 
normal and often diffu ely (leg frequently multifocally) 
involved. The spleens were often symmetrical, but may 
have nodular or irreguJar surfuces. Spleens were often 
described a mostly solid to slightly mottled, white and 
hard; gritty or granular foci were only rarely observed 
grossly. The lesions were often grossly similar in appear
ance to Iympboid neoplasia. The Livers varied from 
completely effaced with a dense. white infiltrate and 2 to 
3 times normaJ size to multifbcal to coalescing dense 
white foci . In the other tissues, the lesions were smaller 
than those of the spleen or liver and most often fucal. 
Often the chickens were described as being in good flesh. 

HISTOLOGICAL FINDINGS 

Sections of the lesions were collected in 10 % buffered 
formalin solution. Routine paraffin embedded tissues 
were sectioned at 6J.Lm and examined by hematoxylin and 
eosin (H&E), Gomori methenamine silver (GMS), and 
Lillie-Twort (Gram stain). Typically, almost all of the 
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spleen was replaced with multilOcaJ to mostly coalescing 
granulomas surrounding large numbers of long filamen
tous to beaded bacteria. The bacteria stained intensely 
basophilic with H&E, were Gram-positive, and were 
GMS-positi-..e. The central portion of the granulomas 
was composed of an eosinophilic coagulum of necrotic 
debris and contained Jarge masses of entangled filamen
tous bacterial colonies. Some coccoid and rod-shaped 
bacterial fragments of variable Gram staining were pres
ent; these fragments were free or within the cytoplasm of 
multinucleated giant ceUs. There were numerous multinu
cleated giant cells and epithelioid macrophages present. 
There were fewer lymphocytes, mostly arranged in small 
nodular foci at the margins of the necrosis. A few cords 
of fibrous connective tissue encircling the granulomas and 
scattered foci of helerophils (often adjacent to necrosis) 
were present. In other tissues, similar, often focal, gran
ulomas were ob erved. 

BACfERIOWGICAL FINDINGS 

Spleens from 14 young chickens with grossly abnor
mal spleens were collected; one half of the spleen was 
placed in 10% buffered formalin and the other half froz
en. Of the 14 spleens submitted 10 had histological 
lesions of bacterial granulomas, and from these 10 cases, 
6 isolates had phenotypically and morphologically similar 
bacteria, compatible with Eubacterium species. For 
culturing the spleens, a portion of spleen was sterilized on 
the external surface and the tissue was macerated using a 
stomacher. For aerobic cultures, samples were placed on 
5 % sheep blood agar, MacConkey agar, and chocolate 
agar and incubated in 7 .5 % CO2 at 37 C for 10 days. 
For anaerobic cuJtures, samples weTe placed on pre-re
duced Brucella agar and pbenylethyl alcohol agar and 
incubated under anaerobic conditions at 37 C for 10 days. 
The isolated bacteria were aU obligate anaerobes, Gram
positi~ rods in chains, did not form spores (confirmed 
with ethanol and heart sensitivity tests) and produced 
major amounts of lactic and butyric acids and minor 
amouots of acetic and succinic acids by gas-liquid chro
matography. In addition, tbese organisms bydrolyzed 
aesculin, reduced nitrate and fermented glucose, lactose. 



maltose, sucro e, fructose, and raffinose. Aesculin, 
starch, mannitol, and cellobio e were not fermented. 
Indole was not produced. The growth in liquid media 
'MIS 60cculent with granular sediment and without turbidi 
ty. Small numbers of varying aerobes were also cultured 
in 2 of the 6 spleens containing Eubacterium. Of the 
other 4 spleens containing granulomas, 1 yielded an aero
bic Gram-positive rod in chains, 1 yielded an anaerobic 
Gram-positive rod (different from the other 6 isolates), 
and the other 2 cases yielded different species of Pseudo
monas. 

DISCUSSION 

Microbiologically, the phenotype and morphology of 
the bacterial isolates identified in 6 of the 10 splenic 
granulomas mo t closely resemble members of the genus 
Eubacterium, and more specifically. Eubacterium fortu
osum5

,6. Additional tests are being conducted to confirm 
and type-strain the isolates. Eubacterium tortuosum 
(formerly Catellabacterium) has been described as a cause 
of granulomas in the livers of turkeysl.J.4 . In turkeys, it 
has been speculated that the bacteria enter the portal 
circulation via an enteric lesion. The enteric lesions may 
have been the result of another bacterium such as Strepto
coccus faecalis . The histopalhologicallesions of Eubacte
rium fortuosum in the turkey differed from our findings in 
young chickens. The liver is tbe predominant site of the 
granulomas in the turkey, while the spleen appears more 

commonly affected in the chicken. 10 the turkey the 
lesions often appear as pin-point to 3mm diameter muJtj
focal granulomas, whereas in the chickens, the granUlo
mas are often coalescent and efface normal parenchyma. 
The bacteria within the chicken granulomas stain quite 
distincti~ly with H&E stain, while those observed in the 
turkey generaUy do not stain with H&E stain2

• 
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RECURRENT OUTBREAKS OF A 

CUTANEOUS FORM OF PASTEURELLA 

MULTOCIDA INFECTION IN TURKEYS 


D.O. Frame\ ED. ClarkS, and R.A. SmartC 

AMoroni Feed Company, P.o' Box 368, Moroni, UT 84646 

BUmb State University, Branch Laboratory, 2031 S State, Provo, UT 84606 


COmb State University, Logan, UT 84322-5600 


Within a 5 year period, the same turkey growout 
range area experienced annual outbreaks of cholera with a 
cutaneous Pasteurella mullOcida infection as the predomi 
nant lesion . Althougn., multiple flocks were rotated each 
year during late summer (August/September). All affect
ed flocks were toms between 17 and 22 weeks of age. 

Flock infuction 'MIS characterized by early low insidi 
ous losses, then gradually increasing mortality a the 
disease progressed. Lesions early in the course of the 
outbreak were restricted to an ulcerative dermatitis and 

folliculitis slightly ventral and lateral to the tail. Often 
the skin lesions were bilateral. In many cases, only by 
close individual bird inspection, couJd the cutaneous 
lesions below the tail be noticed. Enlarged and discol
ored livers, but generally fev,t respiratory abnormalities, 
were fuund at necropsy initiaUy; but, as the course of the 
outbreak progressed, concurrent caseous pneumonia be
came more prevalent. Synovitis was also occasionaUy 
encountered. Histologic findings of skin lesions oosisted 
of epidermal necrosis with multiple areas of heterophil 
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infiltration, and hemorrhage, necrosis, and cellulitis of the 
subcutis. The inflammatory cells extended along filscial 
planes and inter-myofibril spaces. Occasional di cernible 
bacterial colonies were observed. 

A1thougb a variety of P. ITIultocida serotypes were 
encountered over the 5 year period, serotypes 1 and 14 
were the predominant isolates. 

Only rarely were internal lesions present at process
ing; however, the prevalence of cutaneous tail ulcerations 
ranged from 40% to 90% of carcasses. Trimming was 
usually minimal, but occasionaJly the cutaneous infection 
would spread to include areas of the lower breast as well 
as the tail region. 

Because of the age and stage of development of these 
turkeys, it is hypothesized that tbe infuction, once intro

duced, was disseminated laterally within the flock through 
bird-to-bird transmission. It is probably that during self
preening, fighting, or picking at flockmates with blood
engorged developing tail feathers, the P. multocida was 
inoculated into feather follicles causing initial localized 
infection that later became systemic. 

The reason for the temporal distribution of outbreaks 
i unclear. A variety of wild birds, squirrels, deer, and 
other wildlife frequented the range area throughout the 
year. It is likely that a reservoir exists somewhere in this 
wiJdlife population which seasonally reintroduces the P. 
multocida. 

STAPHYLOCOCCUS HYICUS INFECTION 

IN GROWING TURKEYS 


M.e. BlandA, G.Y. GhazikhanianA, R.L. WalkerB, and B.C. BarrS 

ANicbolas Turkey Breeding Farms, Sonoma, California 
BCalifornia Veterinary Diagnostic Systems Laboratory, 

University of Califurnia, Davis, California 95616 

Staphylococcus hyicus WAS diagnosed in a flock of 16
week-old breeder replacement bens. The disease was 
characterized by a gradual increase of lameness that 
continued over a period of 3 to 4 weeks. Approximately 
2 to 3% of the flock was affected. Lesions consisted of 
slight synovitis of the hock, stifle joints, and osteomyelitis 
of the proximal tibia. S. hyicus was isolated from the 
osteomyelitis Ie ions and bone marrow of the clinically 
affected birds. Treatment consi ted of penicillin in water 
which was effective in reducing the severity of the dis
ease. 

The disease was reproduced in 8-week-old male tur
keys inoculated with S. hyicus organisms via I. V. route. 
Clinical signs of lameness, reluctance 10 move, and diar
rhea developed within 1 week post-inoculation. Turkeys 
inoculated with S. hyicus via I. V. demonstrated synovitis 
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at the hock joint, and osteomyelitis lesions at the tibial 
epiphysi and at the T -6 vertebrae. S. hyicus organisms 
were recovered from aU lesions. S. hyicus was not re
covered from the spleen or liver of most of the affected 
turkeys exhibiting pathological lesions described above. 
Turkeys inoculated with S. hyicus into the foot pad did 
not exhibit any clinical or pathological symptoms. Staph
ylococcus xylosus, Staphylococcus lemus, and other stapb
ylococcal species were recovered from the liver of tur
keys inoculated with S. hyicus. Inoculation of S. xylosus 
did not produce clinical or pathological symptoms. 
Staphylococcus aureus was not recovered out of the inter
nal organs or joint lesions of the experimental birds. 

Note: The abCNe abslmcl will appear as a full length article in the 
journal Avian Diseases. 



PASTEURELLA ANATIPERl'LE'ER-LlKE BACTERIA 

ASSOCIATED WITH RESPIRATORY DISEASE IN PIGEONS 


James R. Andreasen, Jr.", and Tuath SandhuB 

"Veterinary Diagnostic Laboratory 

College of Veterinary Medicine, Oregon State University 


P.o. Box 429, Corvallis, Oregon 97339 

BCornell University, Duck Research Laboratory 


P.o. Box 217, Eastport, New York 11941 


Two isolates of a short, Gram-negative, non-furment Al that laboratory, neither i olate could be distin
ing, rod-shaped bacteria were isolated from pigeons in guished from PA based 00 biochemical reactions. How
two unrelated cases of respiratory disease. These bacteria ever, morphologically both bacteria differed from PA, 
were associated with a mycoplasma in the lung of a pi and their colonies on solid media were opaque rather than 
geon and with colifurm bacteria in the trachea of a pigeon transparent as with PA. Additionally, the pigeon isolates 
in another case. They appeared to be involved in the failed to be agglutinated by antisera to 15 serotypes of 
production of lesions consisting of mucopurulent broncho PA, and they had different patterns of antibiotic sensitivi
pneumonia and tracheiti. Clinical signs varied from ty than PA. 
reduced racing perfurmance in an adult flock to gasping Thus, neither isolate from pigeons proved to be PA. 
and death among young pigeons from the other flock. Nevertheless. both pigeon isolates sufficiently resemble 

The Gram-negative, non-fermenting bacteria were PA that they could be difficult to distinguish from PA, 
positi'A': for oxidase, but negative in other biochemical especially by laboratory workers who do not encounter 
tests including urease, citrate, indol~ and nitrate. Al  PA often and are not very fiuniliar with its characteristics. 
Ihough not characterized fully, tbe bacteria appeared to The classification and identity of the two pigeon isolates 
resemble Pasteurella allatipestijer (PA). To determine remains uncertain. 
whether they were PA, the isolates were studied and 
further characterized at the Cornell University Duck 
Research Laboratory. 

CALCIUM DEFICIENCY ASSOCIATED WITH POOR ABILITY TO FLY 
IN D01\1ESTIC FLYING MALLARDS 

Daniel P. Shaw, David A. Halvorson, Bret R. Rings 


Departments of Veterinary Diagnostic Medicine and Veterinary PathoBiology, 

College of Veterinary Medicine, University of Minnesota, St. Paul, MN 55108 


Two hunting preserves in central Minnesota had prob the pond and then return to the catch pens in the evening 
lem with their domestic flying maUards being able to fly for reeding. 
for at least the last 3 years. The operations were located The ducks raised on these fium.s were I(WI to learn to 
within 16 kIn of each other. The ducklings were reared fly and very unenthusiastic about doing it. Soon after 
in an enclosed brooding building until 5 weeks of age. release onto the pond area many became weak: and le
At that time they were moved to an outside renced area thargic. They were even reluctant to enter the water. 
with open-fronted shelters and grown there until 5 months Some of the birds lost their equilibrium and would rock 
of age. They were then moved to a large pond area and back and forth or fall forward when in a standing posi
trained to return to catch pens located 0.4 km away from tion. They also 10 t their wariness of the approach of 
the ponds. The ducks were supposed to learn to fly to humans. Later, groups of ducks could often be found 
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standing on the roads and could not be fbrced to fiy. 
Mortality did Dot rise. Ten percent were severeJy affect
ed, 80% affected to a moderate degree, and 10% were 
normal. Excessive amounts of whitish droppings were 
observed in the catch pens. 

Live and dead ducks, 5 to 7 months of age, were 
submitted for laboratory examination from both farms in 
August and September of 1991. The live birds seemed 
normal in attitude but clumsy in their attempts to fiy. It 
was fuund in necropsy that they were in good flesh and 
many had feed in the digestive tracts. The sternums 
contained large amounts of cartilage and were extremely 
flexible. The ribs were very soft and flexible. Bones of 
the limbs were firm and strong. No antibody to Newcas
tle disease or avian influenza viruses was detected in 
serum. Lead levels in livers \\'ere in the normal back
ground range. No parasites were found nor were patho
genic bacteria isolated. 

It was recommended that crushed oyster sheU be 
provided ad libitum as a top dress to the feed and in 
special dispensers. One farm vigorously foUowed this 
recommendation and their ducks Io.st aU deleterious signs 
and became agile strong flyers. The second fium did not 
report back that year. 

In August of 1992, the second farm contacted the 

avian health laboratory again and reported that the previ
ous year's ducks performed poorly in spite of the oyster 
sheU supplementation. New ducks were submitted for 
evaluation and no findings different from 1991 were 
present. It was di covered in further questioning that this 
furm had not been very succes ful in getting their ducks 
to consume the crushed oyster sheU. They were encour
aged to make more aggres ive attempts to supplement 
with crushed oyster sheU by top dreg ing the feed, feeding 
area, and shore of the pond. After this approach , they 
reported marked improvement in the ducks. 

It is likely that hypocalcemia was induced in the ducks 
when they were released into the pond area and consumed 
large amounts of wild feedstuffs. Many of the plant 
material and insects avaiJable in the ponds probably 
contained low levels of calcium and relatively high levels 
of phosphorus. In the process of excreting the excess 
amount.! of phosphorus absorbed from the wet, calcium 
was removed from the bone in order to provide the cor
rect calcium/phosphorus in the urine. This calcium loss 
affected the ribs and temums most severely because of 
their thinness. Tension from muscle pulling on the soft 
ribs and sternums was probably painful and discouraged 
the ducks from using the flight muscles. 

IDGH MORTALITY IN YOUNG OSTRICHES 

A. Singh Dhillon 

Washington State University-Puyallup 

Research and Extension Center 


Puyallup, Washington 98371 


SUMMARY 

High mortality was present in a flock of 94 young 
ostriches hatched in 1992. The majority of the 10 birds 
necropsied had clostridium colitis and typhlitis. Treat
ment with broad spectrum antibiotics and vitamins in 
water failed to eliminate death losses. 

INTRODUCTION 

Ostrich fanning began in the mid 18th century in 
South Africa and Algeria. Ostrich farms were established 
in California in 1886, and soon spread to Thxas, Arlom
sas, Arizona, Florida and Pennsylvania. The industry in 
the United States came to a sudden crash in 1914. It is 
commonly thought that tbe iovention of the automobile 
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made Ostrich plume hats impmctical. More significant/y, 
however, is the filet that ostrich feathers were over sup
plied at a time in Europe. World War I may have caused 
a major impact to the flourishment of the ostrich industry. 

Ostrich leather is most valuable, and has reached 
markets such as shoes, clothing, handbags, wallets, belts, 
and small leather goods. Ostrich feathers possess a vari 
ety of color, ize shape, and quality. They are also sold 
as dyed plumes in the shape of numerous products includ
ing hats. 

Ostriches have lean red meat similar in :flavor and 
texture to beef with minimal marbling. The tat and cho
lesterol levels are comparable to poultry meat. Feed 
conversion efficiency and lean meat yieJd are similar to 
those of cattle. 



CASE REPORTS 

History: An ostrich farmer hatched 94 babies in 
Spring, Summer, and Fall of 1992. He was succes ful in 
mi ing )) birds. The majority of chicks died at ) to 6 
weeks of age, and the remainder died from 7 to 16 weeks 
of age. The bird were reported to be unthri fty with 
anorex.ia with occasional diarrhea for a few days prior to 
death. 

Brooding Conditions: The brooder house was a 3.66 
X 7.32 m room with concrete floor that wa heated by 
circulating hot water embedded in the concrete. The 
room WdS aJso heated by space heaters hanging from the 
ceiling. The brooder was attacbed to an outdoor 3.66 X 
7.32 m fenced patio. 

Necropsy Examinations: Ostrich I • September 22, 
1992. Gross pathologic alteration in a 2-week-old bird 
were of pale yellowish liver. Most remarkable alterations 
were of diphtheritic necrotizing typhlitis involving both 
ceca. 

o lrich 2. The liver was pale yellow with some 
ecchymotic hemorrhages. The gizzard and proventriculus 
were full of feed. The proximal and mid intestines were 
dilated, thin walled, and contained foul smelling contents. 
A Clostridium species was isolated from the intestines of 
both 0 lricbes. A Klebsiella species was isolated in low 
to moderate numbers from the liver, lungs, and intestine. 
Results of Salmonella isolation were negative. 

o triches 3, 4, 5, 6, 7, and 8. Six. frozen ostrich 
babies, 1 to 4 weeks old, that died during the first and 
second week of September were necropsied. Two of 

these 6 birds had necrotizing lesions of colitis and typhli
tis. Thin-walled intestines with presence of fluid contents 
were present in the lumen of intestine of the remaining 4 
birds. No other remarkable lesions were present. Alter
ations of typhlitis and colitis were present on microscopic 
examination. 

Ostrich 9 - September 24, 1992. A young female 
ostrich chick, 1,706 grdUlS in weight, was necropsied. 
The bird died 2 days post withdmwal of bacitracin from 
the drinking wdter. Gross pathologic alterations were of 
severe congestion of duodenum mucosa. The mid intes
tines were congested with adhesions of fibrinous tags to 
the mucosal surface. A Clostridium species was isolated 
from the mid intestines and from the cecum. FocaJ nec
rotizing enteritis was present on microscopic examination. 

Ostrich JO - September 29, 1992. A 12-day-old os· 
trich was necropsied with a history of anorexia and re· 
cumbency. The bird was emaciated and shank bones 
were rubbery. Gross pathologic aJterations were of typh· 
litis and colitis. A long segment of colon was involved. 
A Closlridium species was isolated from the colon and 
cecum. Aerobic cultures from the liver, lungs and kid· 
neys were negative for bacterial pathogens. 

Treatment: The treatment using water soluble broad 
spectrum antibiotics, along witb supplementation with 
vitamins, controlled ilJness for a few days. Withdrawal 
of antibiotics predisposed individual birds to go off feed, 
followed by death in a few days. Feeding of sick birds 
by gavage was cumbersome, and in the majority of cases 
the birds fuiled to recover. 

EFFECT OF AGE AT EXPOSURE TO 

HYPOBARIC HYPOXIA AND DIETARY 


CHANGES ON MORTALITY DUE TO ASCITES 


R. L. OwenA, R. F. Wideman, lr. B, R. M. LeachB and B. S. Cowenc 

AHubbard Farms, P.G. Box 415. Walpole, New Hampshire 03608 

B>'fbe Pennsylvania State University, Department of Poultry Science, 


Universi ty Park, PA 16802 

The Pennsylvania State University, Department of Veterinary Science, 


University Park, PA 16802 


INTRODUCTION 

Hall and Machica06 first reported on a condition char
acterized by mortality with the accumulation of fluid in 
the abdomen in a commercial flock raised at high altitude. 
While originally confined to countries such as Bolivia, 
Peru, Colombia, Mexico, and Soutb Africa, wbere poul

try traditionally are raised at higb altitude, this syndrome 
known as ascites or broiler pulmonary hypertension syn
drome (BPHS) has now been reported in virtually all 
countries employing intensive poultry production practices 
using modem broiler strains. Key changes that identify 
pulmonary hypertension as the trigger for ascites include 
dilation of the right ventricle, increased right to total 
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ventricular weight ratios, and truckening of the pulmonary 
arteries. While all species show some degree of pulmo
nary artery hypertension upon exposure to hypoxia, orny 
chickens. cattle, and humans acroaUy decompensate and 
suffer adverse effects. In humans lrus syndrome is called 
Monge's disease. The disease is characterized by the 
appearance of intolerance to the lower oxygen (OJ ten
sions experienced at altitude in a previously acclimatized 
person. The pathogenesis of thls condition is not fuIJy 
understood but may be primarily due to a decreased 
sensitivity of the respiratory center to carbon dioxide 
resulting in a hypoventilation and arterial desaturation7

• 

Brisket disease has been recognized in cattle raised in 
the mountains of Colorado since 1889. Clinical signs and 
pathologic changes are very similar to those of chickens 
suffering from BPHS. The pathogenesis of this condjtion 
has been shown to be an early vasoconstriction (which 
can be alleviated by the administration of oxygen), fo l
lowed by a medial muscuJar hypertropby which increases 
the vasoconstrictive ability of the pumonary vasculature 

4and decreases the compliance3• ,5. 

Efforts have been made to identify the chemical medi
ators of the puJmonary vasoconstriction induced by by
poxia. One mediator which has been identified as having 
an effect is the local hydrogen ion concentrationl.'Z, lO. 
Acidosis, whether induced by hypercapnia or infusion of 
mineral acids, generally causes a pulmonary vasoconstric
tion . Alkalosis on the other hand, causes a vasodilation, 
although this response is more variable. 

Little infurmation is available concerning the effect of 
the age of exposure to hypoxia on the development of 
pulmonary hypertension in birds. Classical management 
practices in countries where birds are reared at bigh 
altitude make thls information important as broilers are 
generally hatched at lower altitudes and then transported 
to grow out hou e at rugher altitude on the day of hatch. 

This work was conducted as a series of experiments 
designed to investigate the effect of age of expo ure and 
dietary acidification or alkalini2ation on mortality due to 
ascites syndrome in birds reared at simuJated high alti
tude. 

MATERIALS AND METHODS 

Experiment 1: One hundred Hubbard X Hubbard 
male chickens were obtained from a local hatchery on the 
day of hatch. Groups AA (altitude-altitude) and AN 
(altitude-ambient) were housed in a hypobaric chamber at 
an atmospheric pressure of 493 rom Hg (3500 meters 
altitude) on the day of hatch. Groups NA (ambient-alti
tude) and NN (ambient-ambient) were housed at ambient 
atmospheri pressure (366 meters altitude). Group AN 
was removed from the chamber on day 10 of the experi
ment and housed at ambient atmospheric pressure, and 
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group NA was placed in the chamber and housed at a 
simulated altitude of 3500 meters. 

Experiment 2: One hundred Hubbard X Hubbard 
male chickens were obtained from the same source on the 
day of hatch. Group AAJ (altitude-alkal.i.ni.red) and AC 
(altitude-basal) were hou ed in a hypobaric chamber at an 
atmospheric pressure of approximately 526 rom Hg (3000 
meters altitude). Groups NAl (ambient-alkalinized) and 
NC (ambient-basal) were housed at ambient atmospheric 
pressure (366 meters altitude). Groups AC and NC were 
fed ad libitum a basal broiler ration containing 24.7% 
protein (Table 1). Group AAI and NAI were fed ad 
libitum the same basal broiler ration containing 1% sodi
um bicarbonate (alkalinized diet). Water was provided ad 
libitum. 

Two additional replicate trials were conducted in 
exactly the same fashion. One replicate again ulili2etl the 
a.lk:alinized diet, and the second replicate used a diet 
acidified by the addition of 1% ammonium chloride (acid
ified diet) instead of the sodium bicarbonate. 

All birds were weighed; and the weights were record
ed on days 0, 7, 14, 21, 28, 35 and 42. Standard limb 
lead electrocardiograms (lead I, II, and ill) were ob
tained on days 0 14, 28, and 42; and with the exception 
of day 0, blood was obtained by venipuncture for PCV 
determination. At the termination of each experiment 
(day 51 - experiment 1; day 42 - experiment 2) any re
maining birds were euthanized by asphyxiation with car
bon dioxide. All birds dying during the course of the 
trial and those eutbanized at the conclusion of the trial 
were necrop ied· and heart, lung, liver, spleen and kidney 
weights were obtained. 

The data were analyzed by the general linear models 
and least square means procedures for the Statistical 
Analysis Systemsll . Data are reported as the least square 
means and standard error of the least square means. 
Mortality data were analyzed utilizing the Z te t for hro 
binomial proportions9

• 

RESULTS 

Experiment 1: There was no difference in mortaJity 
ror birds ex:posed to simulated high altitude on the day of 
hatch (group AA) when compared to birds exposed at 10 
days of age (group NA). Mortality was 0, 3, 7 , 3, 3, 
and 3 birds per week for group AA and 0, 4, 9, 4, 3 , and 
1 bird per week for group NA. Mortality from ascites 
was dramatically reduced upon removal from the hypoxic 
environment with mortalities of 1, 4 0, 0 0 , and 1 bird 
per week being recorded for group AN. Only 1 bird died 
from ascites (week 3) in group NN. 

Experiment 2: Overa)] mortality due to BPHS was 
significantly decreased in birds fed the alkalinized diet 
(12/50 = 24%) when compared to controls fed the basal 



ration (21150 = 42 %). Birds fed an acidified diet had a 
numerically increased mortality (13 /25 = 52 %) wbich ap
proacbed statistical ignificance (p = 0.1O) when compared 
to control birds fed the basal ration (8/25 = 32 %). 
These differences occurred even though there was no 
significant diet related effect on growth rate or body 
weight in birds raised in the chamber. 

DISCUSSION 

It appears that under the ronditions of these studies, 
dietary alkalinization may offer 8 natural pharmacologic 
method for reducing mortality due to ascites syndrome. 
Sodium bicarbonate is both a ammon feed additive, and 
it occurs naturally in the blood; therefore the use of this 
compound would cause no concern pertaining to residues 
in processed poultry. Additionally, sodium bicarbonate j 

relatively inex.pensive and its use would not add substan
tially to grow out costs. Naturally, the addition of sodi
um bicarbonate would require tbe reduction of other 
ronns of added sodium during diet formulation because 
excess sodium intake is known to increase ascite mortali
ty. 

The mechanism of action of dietary alkalinization is 
not known. Reduction of body weight and reduction of 
packed cell volume do not appear to play a role in the 
reduction of mortality. If dietary alkalinization produces 
an alkalemia and this alkalemia in turn causes a pulmo
nary vasodilation2, this would effectively increase the 
cross-sectional area of the pulmonary vessels resulting in 
a decreased resistance to flow and reduction of the pulmo
nary artery pressure. However, the alkalini7ed diet did 
not significantly reduce EKG amplitude, heart mass or the 
ratio of the right ventricular to total ventricular weight as 
would have been expected if pulmonary vascular dilation 
reduced the work required by the rigbt ventricle to pump 
blood through the lungs. Other factors must also be 
considered, however, including possible effects of dietary 
alkalinization on cardiac output and respiratory drive. 

At least up until 10 day of age, the age of exposure 
to hypobaric hypoltia does not appear to make a differ
ence in subsequent mortality due to BPHS. It was hoped 
that brooding chicks at low altitude could result in a 
reduction of the mortality due to BPHS in countrie that 
traditionally hatch chicks at low altitude and then grow 
them out a higher altjtude. It appears from this study that 
management changes of this nature would have no effect. 
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Further work is needed to more fully establish the 
effectiveness and practicality of dietary aIkalini2ation 
under actual field conditions. If dietary alkalinization is 
effective under field conditions, it could provide a safe 
and inexpensive tool in the management control of this 
condition. 
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Table 1. Composition of basal broiJer ration. 

Ingredients 

Yellow Com 
Soybean Meal DHL 
Limestone 
Microingredieots' 
Dicalcium Phosphate 
Com Oil 
Monobasic Sodium Phosphate (monohydrate) 
Sodium Chloride 
Choline Chloride 
D-L Methionine 

% 

51.8f> 
41~ 

2.<R5 
l~ 
1.(0) 

1.(0) 

0.475 
0.247 
0.150 
O.aD 

Calculated analysis 

Protein 
Methionine 
Cystine 
Calcium 
Total Phosphorus 
Available Phosphorus 
Sodium 
Chloride 
Potassium 
ME (kcal/kg) 

% 

24.689 
0.602 
0.381 
1.134 
0.718 
0.451 
0.190 
0.239 
1.045 

2886.21 

'Supplied per kg of diet: vitamin A. 5010 IU; cholecalciferol. 1500 IU; vitamin E. 66 JU; menadione, 0.00152 g; 
riboHavin, 0.011 g' calcium pantothenate, 0.02g; niacin, 0.05g; vitamin BI2, 20 ug; biotin, 0.0002 g; ethoxyquin , 
O.Ol25%; thiamin, 0.011 g; folic acid, O.OO4g; pyridoxine..HCL. 0.0045 g: inositol, 0.25 g; FeS04.7H2Q 0.33 g; 
MnS04.R20, 0.33 g; KI. 0.0026 g; CuS04.5H2Q 0.0167 g; ZncoJ • 0.115 g; NllzMo04.2H2O, 0.0083 g; NaSe03.5H20, 
0.0033 g; Cr(SO~h.1H20, 0.02 g; sucrose diluent. 

MYCOTOXICOSIS IN POULTRY: 

DIAGNOSIS, PREVENTION, AND CONTROL 


Horacio 1. Ramirez and Juan Jose O. Enriquez 

Centro de Investigacion Pecuario Priwdo S. C. (CIPP) 

Romero de Terreros II 104 Col. del VaUe., Mexico, D.F. c.p. 03100 


In the majority of the cases observed, mycotoxicosis 
behaved as a secondary pathogen instead of a primary 
agent. Thus, it i very uncommon to see a problem 
caused by mycotoxins alone. For this reason, it is diffi 
cult for the clinical avian pathologi t to identify and to 
recognire the effects of mycotoxicosis in a Hock. 

W.: are in the habit of looking for the "classical patho
logical diseases" that are described in the textbooks. We 
often think: first of some kind of immunodepressed diseas
es such as Gumboro, Marek, infuctious anemia , or reovir
uses, instead of thinking that maybe mycotoxicosis is the 
main problem. We bave seen in many smaU and large 
broiler operations where bacterial, viral, and parasitic 
diseases (inrectious bronchitis, pasteurellosis mycopJas
mosi, coccidiosis Gumboro disease. Marek disease) 
almost disappear when the problem of mycotoxicosis is 
controlled. For many years, the pathologists have been 
reporting to us microscopic lesion related to mycotoxico
sis; however, the techniques generally used to detect 
levels in feed and grains give levels of zero or less than 
20-50 ppb. This situation has confused us, and led us to 

think the problem might be pesticides, or has caused us to 
work on programs of immuni1ation against Gumboro 
disease or to look for "vi.ra.l variants. " 

In November 1991, in a broiler operation of 'h -mil
lion broilers per week, ODe Hock of about 120,000 broiJ 
ers had a mortality up to 8 weeks; however, in the last 
week, the mortality was 3 %. We fuund 001y lesions 
similar to "ascites syndrome," but the age and the eleva
tion below 1,400 m did not correspond with this problem. 
However, a microscopic study showed severe lesions for 
mycotoxicosis. From this experience we started to work 
on the determination of mycotoxins in livers, kidneys, 
feed, and grain in conjunction witb the histopathological 
studies. The pathologist Juan Jose Enriquez had made 
some modification in the method of detecting each myco
toxin more specifically. For instance, closing the "lac
tona ring" with chlorine acid obtained better sensitivity. 

The determination of mycotoxins in grain or reed is 
uncertain because there is a great variation of the levels in 
each batch and the type of sampling. Therefore it is 
difficult to determine when and how much mycotoxin the 
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birds are being exposed 10. It would be useful to know 
where the mycoloxins come from in order 10 control and 
prevent the problem. The data in Table 1 may help 
establish some kind of correlation. 

For accurate diagnosis, we strongly recommended that 
all of the following steps be covered: a) clinical signs 
and lesions, b) microscopic lesions, and c) quantity deter
mination of mycotoxins in visceml organs. 

The clinical signs more frequently encountered in the 
mycotoxins problems are: a) increasing mortality, more 
common by 5 to 6 weeks of age, b) most dead birds have 
lesions called "Circulatory-Toxic Hepatic-Kidney-Heart
Pneumonic Syndrome," c) difficulty in the determination 
of a specific pathologen or disease, and d) unexplained 
presence of either pasteurellosis, infuctious coryza, infec
tious bronchitis, more severe reaction after vaccination 
with Gumboro or Newcastle disease or an increased 
incidence of inclusion body hepatitis because of some 
fuilure in the control group of the coccidiosis program. 

It is recommended to reduce the time of feeding by 6 
hours per day for 3 days in spite of the broiler age. If 
the respiratory signs or the mortality are reduced signifi 
cantly, or if there is a better response to antibiotic therapy 
in the following 2-3 days, we may suspect a mycotoxico
sis problem. On the other hand, if there is no response, 
we might suspect another immunodepressed problem. 

In the last half of 1989, many large broiJer and layer 
operations in Mexico began to import grains. From this 
time on , many pathological problems arose; inclusion 
body hepatitis became very pathogenic, and many respira
tory diseases were associated with Pasteurella multocida 
serotype SA and 4D, to mention some of the more signifi
cant problems. This situation led us to seek alternative 
means to prevent and control mycotoxicosis. 

[n October 1992, we conducted a study to determine 
the effects of 2 commercial mycotoxin adsorbents (Table 
2). Each treatment was repeated 3 times with 650 broil
ers each. At 59 to 69 days (end of experiment) we took 
liver sample..<; from each bird to determine the quantity of 
mycotoxins and the presence of microscopic lesions (Ta
ble 3). Serologic responses at 9 weeks of age were deter
mined against Newcastle, bronchitis, and inclusion body 
hepatitis. The birds were vaccinated at 5 days of age 
with a triple killed emulsion vaccine. 

The microscopic lesions found in liver were: 
I) tixolex; mild congestion with a few distention of the 
sinusoidal spaces; mild fat metamorphosis, 2) mildbond; 
fat metamorphosis, severe, general, and chronic active. 
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Two showed many foci of coagulative necrosis, mild 
periportal fibrosis, and some hyperplasia of bile tubes, 3) 
without adsorbent; heavy congestion of the sinusoidal 
spaces; disassociation of the hepatic cords, periportal 
fibrosis (chronic and active) and heavy steatosis; hyper
plasia of the bile ducts many spots of petechial and equi
motic hemorrhages. 

In order to control the mycotoxins effect in the birds, 
we obtained good results by restricting the time of feeding 
to 8 hours per day from 14 days of age up to the time of 
market. This practice was used to control the presenta
tion of ascites syndrome (AS) in Mexico since the begin
ning of the 1970s. The presentation of the AS is directly 
related to the source of feed and its incidence increased at 
altitudes above 1,800 m and at lower temperatures. 

Using this practice, respiratory outbreaks were few 
during an 8 month period in a large operation that had 52 
farms; the mortality remained in the standard range (be
tv.een 4-7% in 8- to 9-week-old birds). 

Other experiments were conducted to observe this 
effect more precisely using 600 birds per pen with 10 
repetitions. The re u1ts are shown in Table 4. Two 
different feeding programs were conducted. Group A 
with 8 hours of feeding from 14 days to market time (8 
weeks) , and Group B feeding ad libitum. 

From one batch of sorghum, we conducted a study to 
determine the grade of adsorption for 6 commercial prod
ucts. After exactly 144 hours, we made the determina
tions for each of them. The dose was the same for each 
one (0 .05 %). 

In one Hock of 104,000 broilers, the total mortality at 
7 weeks of age was 3.69% with the 8 hours of feeding 
daily. But at 7 weeks of age, the feed was given ad 
libitum. The mortality started to increase and there was a 
respiratory outbreak. After the flock returned to the 
previous feeding program, the mortality decreased and the 
respiratory disease almost disappeared. 
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Table 1. CIPP Average levels of mycotoxins found in 107 cases between June and October 1992. 

SAMPLE 

FEED 


SORGHUM 

SOYBEAN MEAL 

CORN GLUTTEN 

LIVER 

KIDNEY 


Alfa 

2.89 

4.30 

2.38 

2.80 

5.68 

8.80 

AFLATOXlNS*ppm 
Beta l Beta1 Gama 

1.07 1.31 1.56 

2.40 2.95 2.21 

1.86 1.25 1.58 

0.58 0.57 0.58 

1.94 2.47 2.20 

9.90 9.30 9.80 

TOfAL 

6.83 

11.86 

7.07 

4.5 

12.29 

37.80 

OCRA
TOXIN 
ppb** 

21.62 

16.06 

3.73 

18.55 

23.69 

22.00 

ppb*** 

2.2200 

2.1800 

0.0670 

0.0003 

0.9110 

* Thin Layer Chromatographic 
** Fiber glass layer spectophotometry 
*** Atomic absorbtion spectophotometry 

Table 2. Economic and productive effect of two mycotoxin adsorbent in broilers. 

ppm (mg/kg) 
ppb (uglkg) 

DAILY FEEDDOSE kg TOTAL LIVE PROD.ADS OR COST· 
MORT. WEIGHT GAIN CONV INDEXTONS/FEED kgBENT 

% kg gramsADSORB. 

6.87 36.870. 7 2.544 2.234 153.8 $0.20 TX 

7.22 2 .563 37.14 2.2152.5 155.6 $0.17 MB 

8.37 2.424 35.13 2.4050.0 134.6 (0.20)N/A 

* Inc]uded fixed feed cost only ($2.878), adsorbent cost, and sale cost ($0.69). 
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Table 3. Levels of mycotox.ins found in liver between 59 to 69 days of age witb 8 bours of time feeding ad libitim per 
day from 14 days of age to market. 

ADSORBENT TOO'AL 
AFLATOXIN 

PPM 

OCRATOXIN 
PPB 

T-2 
PPB 

RUBRATOXIN 
PPB 

NO ADSORBENT 4.003 20.3 0 .001 0.00101 

TIXOLEX 0.329 11.6 0.009 0.00007 

MILDBOND 0.21S 15.0 0.018 0.00028 

Table 4. Mycotoxicosis mortality. The effect of t\\-O different feeding programs. 

WEEKS OF AGE ADLffilTUM 
Mortality per week % 

8 HOURS OF FEEDING DAILY 
Mortality per week % 

4 
5 
6 
7 

2.98 
1.68 
4.31 
3.71 

0.55 
0.31 
0.89 
LOS 

NECROPSY SUMMARIES OF FLOCK BEALm 

MONITORING IN BROILER CO:MPANIES IN 1992 


P.H. Davis 

Managing Veterinarian, Technical Services 

SmitbKline Beecham Animal Health Company 


Rt.S, Box 18, Florence, AL 35630 


This presentation sbowed the results of field necropsy with the compo ite of all reports and shown as the U.S. 
sessions conducted during 48 monitoring sessions in 20 average and each region. 
broiler companies during 1992 and compared those results The reports used were those from necropsy sessions 
by regions of tbe United States. conducted as a pari of technical service activities in the 

There were 3 distinct geographic regions represented: companies represented. Confidentiality was respected 
1) the Southeastern u.s. (Alabama, Mississippi, and during reporting and each company was given its com
Georgia/Florida), 2) Californja, and 3) the Northwestern parisoo to national and regional averages at each sessioo 
U.S. (Washington and Oregon). These were compared 
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as welJ as compared to its previous reports. Several types 
of reports will be shown: 

1. Single Company with Quarterly Reports. 
2. Multiple-complex Company. 
3. Two Complexes in Different States. 
4. 1992 Averages vs Regional Averages. 
5. 1991 Averages vs 1992 Averages. 

The reports show gross lesions that are reported ac
cording to an agreed set of norms, and are grouped under 
the categories: coccidiosis, enteric, mold /toxins, respira
tory, skeletal, bursas, retained yolks, pardSites, and LP. 
(subcutaneous cellutitis). 

The method of collecting and reporting thi data was 
pre ented at the 1992 Western Poultry Disease Confer
ence as a poster presentation, and is currently being used 
by everal technical service veterinarians representing 
companies which provide service to broiler companies. 
There are many modifications of this type report in use 
today in broiler production, and standardization of the 
reporting format is the goal of the author. 

Credit for introducing the author to this type of report 
is given to Dr. Birch McMurray, Seaboard Farms and 
Dr. DOD Waldrip, Gold Kist. Inc. 

THE ADVANTAGE OF USING 

LIGHT CONTROL IN GROWING BROILERS 


N. Wideman\ M .R. Bruck\ and M.A. HammarlundD 

AP.o. Box 189, Perryville, AR 72U6 
1Ip.D. Box 7698, Riverside, CA 92513 

Field studies showed reduced condemnation and im level of light was gradually brought up to full light over a 
proved feed conversion in broilers grown with controlJed 20 minute period. When the feeders stopped, the lights 
lighting. Light intensity was reduced to 30 % of the were dimmed over a 20 minute period to the 30 % level 
bulbs' total brightness starting at 1 week of age. There The feeding time was increased as the birds grew. 
were no times of total darkness. Twenty-four hours of Mortalities late in the grow period were reduced, 
tight were used for the last week before processing. especially from sudden death syndrome. Birds developing 

The flock got 3 daytime feedings and 2 nighttime misshapen legs were also less. Feed conversion was 
feedings. When the feeders started, the 30% reduced improVed. 

A HISTOMORPHOMETRIC STUDY OF THE SKELETON OF BROILER 
CmCKENS KEPf UNDER DIFFERENT MANAGEMENT REGIMES 

C. Riddell 

Western College of Veterinary Medicine 

Saskatoon, Saskatchewan, Canada S7N OWO 


The commonest ske1etal deformity in broiler chickens short photoperiod at an early age folJowed by increasing 
is vaJgu or varus deformation of the intertarsal joint photoperiods up to processing' . The incidence can be 
(VVD) which has previously been calJed twisted leg. increased by growing b.roiler chickens in battery cagesl. 
VVD has been attributed to irregular growth plate devel The present study was designed to use histomorphom
opment by ThOrp4 and to delayed cortical bone differen etrics to compare bone development under different man
tiation by Dammrich and Rodenhoff. The incidence of agement regimes in an attempt to determine which patho
VVD can be decreased by growing broiler chickens on a genesis may be most important in the development of 
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VVD. Chickens were selected for study from two experi
mental trial. In the first trial the incidence of skeletal 
defonnilies was 2.27 % in birds on continual light and 
0.95% i.n birds 00 a reduced photoperiod. In the second 
trial the incideoce of skeletal deformities was 7 % in 
batteries and 2 % in floor pens. 

Bird selected for study were injected intravenously 
with 15 mg of oxytetracycline (Liquamycin 100, 
RogarlSTB, Montreal , Quebec) at 15 and 20 days of age 
and weighed and necropsied at 21 days of age in the first 
trial. Birds in the second trial were injected in a similar 
manner at ] 5 and 21 days of age and weighed and nec
ropsied at 22 days of age. The right tibiotarsus was 
colJected from eacb bird and its length measured. A 3 
mm transverse undecalcified section from tbe middle of 
each tibiotarsus was embedded in methyl methacrylate and 
sections cut for examination by 6uorescent microscopy. 
A sagittal decalcified ection was cut from the center of 
each proximal tibiotarsus, and routine histologic sections 
prepared. The circumference, cortical bone area and 
distance between the 2 oxytetracycline labels was mea
sured from the transverse sections. The thickness of the 
zone of proliferation, the distance from the top of the 
zone of prolifuration to the nearest iovading metaphyseal 
vessel and the number of metaphyseal vessels reaching to 
within 2.5 mm of the top of the zooe of prolireration and 
within the central 6.2 mm of the metaphysis were mea
sured from the sagittal sections. 

The onJy significant difference found in the parameters 
mea ured in the first trial was a reduced circurnfer

ence and cortical bone area in birds on the reduced photo
period. This occurred in spite of no ignificant decrease 
in bone length or body weight with interrupted light. No 
significant differences were found in any of the parame
ters measured in the second trial. The results suggest that 
the interrupted light may affect cortical bone growth 
rather than endochondral bone growth. The thinner bones 
on the reduced photoperiod may reflect a difference in 
modelling though no difference in periosteal growth could 
be measured. It hould be noted that there was consider
able variation in most of tbe parameters measured. This 
variation and a relatively small number of birds stuctied 
may have masked some differences between treatments. 
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COMPOSTING AS A MEmOD FOR THE DISPOSAL 

OF POULTRY CARCASSES 


Donald E. ConnerA
, John P. Blake.... and James 0. DonaldB 

ADepartment of Poultry Science 

BDepartment of Agricultural Engineering 


Auburn University, AL 36849 


SUMMARY 

As environmental concerns for air and water quality 
have emerged, the need for alternative methods for man
aging poultry farm mortality (carcasses) has also 
emerged. One alternative, composting, has gained accep
tance. For the composting of poultry farm mortality, a 
prescribed amount of carcasses, litler, a bulking material 
(e.g. strdw, peanut hulls, litter cake), and water provide 
the neces aTY mixture fo r converting these waste products 
into a humus-like material that is useful as a soil amend
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ment. Over tbl! last 3 years, field and controlled research 
has been on-going to characterize the .microbiology of 
composting. Data from both field and specific pathogen 
challenge stucties demonstrate that pathogens associated 
with carcasses are effectively destroyed by the:} composting 
process. Thus, composting, when properly managed, is a 
biosecure and relatively inexpensive means for handling 
poultry carcasses. 

Every poultry production facility is faced with the 
reality of furm mortality. Disposing of these carcasses 



has emerged as a significant environmental issue that 
stands as a potential obstacle to industry expansions. 

Burial pits and incineration are still commonly used 
for the disposal of poultry carcasses; however, the po
tential for possible ground water and air quality deterio
ration may compromise the acceptability of these meth
ods. Due to these emerging environmental concerns, 
alternative methods of disposal must be made available to 
the poultry producer. The oqrcmic farming practice of 
composting in which microo~anisms transform o~anic 
wastes into a useful end product has emerged as one 
alternative that provides an environmentally and biologi
cally safe method of converting daily mortality losse·s into 
humus-lilre material useful as a soil amendment6.8.9• For 
the composting of poultry farm mortality, a prescribed 
amount of carcasses, litter, straw, and water provide the 

8 9necessary mixture7
• • • In AJabama, composting ha met 

with great success. At present, there are approximately 
300 compo ters successfuUy operating in the State. 

For composting to be a truly viable method for the 
disposaJ of poultry farm mortalities it is paramount that 
the compo ting process results in inactivation of patho
genic (avian and human) microorganisms prior to land 
application. It ba been documented that bacterial patho
gens (e.g. Listeria TIIo1wcytogenes) can be transmitted 
from farm animal to human via land applicatioo of 
contaminated compost and manure used as fertili:rerll . 
Therefore, in evaluating composting or any other method 
of carcass disposal, avoidance of both human and avian 
disease transmission must be a major consideration . 

To address these microbiologicaJ questions, we have 
been involved over the last 3 years in field and controlled 
studies. Research has been directed toward characterizing 
the microbiology of mortality composting as well as 
determining the survival of specific pathogenic microor
ganisms. A summary of these studiesl.2,3.4 and the find
ings will be reported here. 

COMPOSTER EVALUATION 

Field Study # 1 
A 2-stage mortality composter (three primary and one 

secondary bins) operated on a broiler farm with a flock 
size of 86,000 in Clay County, Alabama, was investigated 
to determine changes in microbial populations, tempera
ture and moisture occurring over a typicaJ composting 
cycle. Compo ting was accomplisbed by sequentially 
layering carcasses (daily mortality), litter (manure and 
pine shavings), wheat straw, and water at a ratio 
(weight:\Wight) of 1:2:0.1:0.25 into primary bins. Each 
primary bin was filled to a final depth of approximately 
1.5 m (4-6 layers) and held for 8-10 days post-filling, 
then transferred to the secondary bin for an additional 17
21 days. Compost temperatures were recorded daily. At 
5-day intervals 6 and 4 samples were obtained from eacb 
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primary and secondary bin, respectively, and analyzed for 
moisture content and populations of total aerobic (APC) 
and colirorm bacteria. 

Field Study #2 
A total of 36 composters primarily located in northern 

AJabama were sampled for the presence of viable Salmo
nella, Listeria monocytogelles, and Campylobacter jejun; 
as well as for populations of enteric, coliform and APC 
bacteria. Compost samples were obtained from the sec
ondary bins of each unit, and were materials that had 
completed the secondary beating. Samples were obtained 
from a depth of ca . .5-.75 m using a soil test auger, then 
transported to Auburn University for analysis. The mi
crobiologicaJ analyses for the three bacteria were conduct
ed using standard USDA or FDA detection-isolation 
protocols. 

Specific P-athogen ChaJlenge Studies 
A 2-stage composting unit was constructed according 

to published specifications at Auburn University Depart
ment of Poultry Science Research Farml. Tbe unit con
sists of three primary bins (1.52 x 1.52 m), three second
ary bins (1.52 x 2.44 m) and a litter storage area (2.44 x 
3.96 m). 

To generate a more complete microbiological profile, 
populations of fungi and colifonn, aerobic, anaerobic, 
thermotolerant, and thermophilic bacteria were enumer
ated from sample obtained during typical 2-stage com
posting in the research composting unit under conditions 
similar to those used in tbe aforementioned field study. 

During studies conducted to investigate biosecurity 
aspects of mortality omposting, survival-inactivation of 
the pathogens Salmonella enteritidis, S. typhimllrium, S. 
senfienberg, Pasteurella multocida, L. monoCYlOgenes, 
Escherichia coli 0157:H7 and Aspergillusjumigatus or A. 
jiavus was determined during the rno-stage composting 
process with and without added bulking materials (carbon 
sources; i.e. wheat straw, peanut buUs). Eacb test culture 
was either inoculated directly onto carcasses or into tubes 
of brain beart infusion with 0.5 % agar, and placed into 
the composter unit at 4 different, prescribed locations at 
tbe initiation of the composting process. For direct car
cass inoculation studies, compost samples were periodical
ly obtained and analyzed for the presence of the test 
cu1ture, whereas in test tube studies sample tubes were 
obtained and analyzed for viability of test cultures using 
direct plating or enrichment techniques after completion 
of the primary and secondary composting cycle. 

RESULTS OF MICROBIOLOGICAL SAFETY 

Field Studies 
Moisture content of the compo t ranged from 25 % to 

45 % . After the last layer was added to primary bins, 

http:1:2:0.1:0.25


temperatures rapidly exceedtld 50 C and generally stabi
lized until the materials were transferred 10 the secondary 
bin where another heating cycle occurred, generating 
temperatures in excess of 60 C. Temperatures then re
mained relatively constant over the remaining test period. 
Maximal temperatures (> 60 C) were obtained during the 
econdary composting cycle. 

APC populations remained higb, ranging from 104 to 
> 107 colony forming units (CPU) per gram of compost 
throughout the 30-day sampling period. Initially high 
population of colifunn bacteria (ca. 10" CF U/g) were 
reduced to nondetectable levels « 101 CFU/g); however, 
colifurm counts remained high during the primary cycle 
and inactivation did not occur until materials were Iran 
ferred to the secondary binl. 

None of the samples from the 36 compo ters yielded 
viable Salmonella, L. monocytogenes or C. jejuni. 
Again. aU samples were from compost that bad received 
the recommended two-stage process. These data indicate 
that under the various field conditions in which these 
composters were operated, the target bacteria were effec
tively inactivated. Furthennore, data suggest that these 
composters were managed properly to ensure a biosecure 

2process • 

Challenge Studies 
In studies to determine changes in populations of 

different classes of microorganisms during compo ling, it 
was found that ooJy the population of colifurm bacteria 
substantially changed (from> 106 to < 101CFU/g). This 
indicates that colifurm population may be a useful biologi
cal indicator for determining mortality composting 
efficacy1.4. 

In subsequent studies, specific pathogens were inocu
lated or placed into the materials used for preparation of 
carcass compost; that is, the compost process was "chal
lenged" with various pathogens. In one srudy, carcasses 
were inoculated with S. typhimurium (l<t CFU/carcass) 
and placed into the composting unit with varying amounts 
(0, 10, 20%) of wheat str'dW as a bulking material. Over 
the compost cycle, temperatures were determined and 
compost samples were obtained periodically and analyzed 
for S. typhimurium. With 20 % wheat straw, which is 
twice the recommended level. temperatures reached 65 C; 
with 10% straw, 52 C; and with 0% straw, 50 C. Under 
these conditions. S. typhimurium were effectively inacti
vated. Although S. typhimurium were inactivated in 
compost with no added bulking material, this compost 
was of very poor quality as evidenced by a strong putrid 
odor. 

In similar tudjes, tubes containing the aforementioned 
cultures of pathogenic bacteria (1()9 CFU) and fungi (107 

spores) were pJaced at four locations into the compost 
bins during the daily layering procedures: 1.2 m deep 
(layer 2) at center, 1.2 m deep at front slats, 0.6 m deep 

(layer 4 ) at center, and 0.6 m deep at front slats. At the 
campi lion of primary compo ling, culture tubes were 
retrieved and analyzed for viability. A duplicate set of 
tubes of each test organism was initially placed into the 
primary bins; therefore, the second set of tubes was 
removed with the compo t and placed into the secondary 
bins at the same relative pOSitions as in the primary bins. 
This second set of tubes was removed and analyzed for 
viability at the completion of the secondary cycle. The 
results were similar fur compost prepared either with 
wheat straw or peanut hulls as bulking agents/carbon 
sources. None of the bacterial pathogens were recovered 
following primary (or econdary) composting with 10 and 
20% wheat straw or peanut huHs, while bacteria survived 
primary composting when no wheat straw was used . 
However, no viable test cultures were recovered under 
any test conditions following the secondary cycle. This 
indicated that composting effectively inactivated tested 
pathogenic microbes2

• 

Furthermore, presumptive data from similar challenge 
experimentslO in which carcasses were purposely infected 
with virulent Newcastle disease virus (NDV) or virulent 
infectious bursal disease virus (!BDV), indicated that both 
NOV and mDV were inactivated during typical carc 
composting. 

CONCLUSION 

Data collected during the Last 3 years show that prop
erly managed compo ti.ng is a biosecure and relatively 
inexpensive means for managing poultry farm mortality in 
a manner that has less environmental impact than the 
traditional methods of burial and incineration. A well 
managed composter will generate temperatures (a mini
mum requirement of 55 C for 3 days) capable of destroy
ing many avian and human pathogens that may be associ
ated with carcasses. Data further indjcate that aeration, 
via turning or transferring the compost is an effective 
means fur enabling proper beat generation. Evaluation of 
composter' on pOUltry fimns in Alabama further support 
that composters are effectively providing the necessary 
conditions for pathogen inactivation and pose Ijttle risk of 
disease transmission. 
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SUMMARY 

Every poultry grower i faced with the reaJjty of 
carcass disposal. Nationwide, this represents a tremen
dous amount of organic matter that requires environmen
tally and biologicaUy safe disposal or utiJi7ation. Carcass 
disposal has been identified as a major problem fucing the 
poultry industry. If poultry carcasses resulting from 
deatb by natural occurrences at such higb levels of pro
duction are not disposed of by environmentally acceptable 
methods, future industry expansion will be limited or 
regulatory constraints will be imposed. Rendering car
casses into a vaJued protein by-product meal is an alterna
tive. Removing poultry carcasses from the furm is envi
ronmentally acceptable and a valuable reed ingredient 
results. However, the spread of pathogenic microorgan
isms during routine pickup and transportation to a render
ing facility presents a substantial threat. Lactic acid 
fermentation of poultry carcasses prior to transportation 
stabilizes carcass deterioration and minimizes pathogen 
threat. Unlike routine pickup of "fresb" carcasses, fer
mentation allows for long-term on-furm storage of poultry 
carcasses, reduced transportation costs and results in a 
usable feed ingredient. 
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Every turkey and broiler production faciJjty is faced 
with the reality of carcass di posal. For a flock of 
30,000 turkey' averaging 0.5 % mortality weekly (9 % 
total mortality), approxmately 16,272 kg (17.9 tons) of 
carcasses require disposal during an 18 week growing 
period. For a Hock of 50,000 broilers grown to 49 days 
of age averaging 0.1 % daily mortality (4.9% total mor
tality), appro~imately 2,182 kg (2.4 toos) of carcasses 
require disposal4

• 

CURRENT DISPOSAL METHODS 

Burial pits are most commonJy used for disposing of 
poultry carcasses. The decline in ground water quality 
where pits are located is a concern. Residue remaiIDng in 
pits after years of use is recognized as another concern. 
Incineration is a biologlcaUy safe method of disposal; 
bowever, it tends to be IC)\\', expensive, and generates the 
greatest number of nuisance complaints even when highly 
efficient incineratol'B are used. 

Due to increasing burial or incineration costs and 
newly imposed local, state, and federal water and air 
quality tandards, alternative methods of disposal are of 
interest to the poUltry producer. As the poultry industry 



expands, so also will the amount of waste generated on 
the furm. Therefore, the poultry industry must aggres
sively pursue efforts to protect the environment and main
tain a good public image. 

RENDERING POULTRY CARCASSES 

Rendering can be used as a method for the conversion 
of poultry carcasses into a valued biologically safe pro
tein by-product meal. HO'Never, the spread of pathogenic 
microorganisms during routine pick up and transportation 
of poultry carcasses to a rendering facility is viewed as a 
potential threat. Removing poultry carcasses from the 
furm is most acceptable for the environment, and a valu
able feed ingredient results. 

One of th m~or concerns with centrally located 
carcass disposal ite.s is disease transmission. Sound 
biosecurity of disposal sites is essential to prevent disease 
transmission5• Central carcass disposal sites have been 
placed on trial in Minnesota and North Carolina' 3,'4 . 

Transportation costs have made this method expensive, 
approximately $.15/454 g (lib) in comparison to other 
alternatives such as burial or composting which cost less 
than $.011454 g (lIb) and $.03/454 g (lib), 
respectively9. 14. 

Freezing carcasses for short-term stordge prior to 
transportation to a rendering fucility i effective. How
ever, trus method has also proven to be expensive. 
Large..capacity units are usually required because 90 kg 
or more of carcasses at near body temperature (41 C) 
may be encountered daily. Electrical costs for the oper
atioD of a h.igh-capacity refrigeration equipment have been 
estimated to be approximately $.05 to .10/454 g for car
cas es stored and picked up at weekJy intervals9

,'4, 

FERMENTATION 

Fermentation, a controlled natural process has been 
successfully used as a preservation method for foods and 
feeds for millenrua and has become well documented as a 
scientifically sound method for the preservation of organic 
materials ' . Lactic acid rermentation of poultry carcasses 
prior to transportation inh.ibits carcass deterioration and 
minimizes pathogen threat6,7,8. 12. 

Initial studies conducted by Dobbins8 described meth
ods for preserving poultry carcasses by lactic acid fer
mentation. Successful fermentation i enabled by the 
combination of prescribed amounts of furm carcas es with 
a fermentable carbohydrate source such as sugar, whey, 
molasses or ground com6•7•8, 12, 1] , In order for effective 
fermentation to occur, carcasses must be ground in 2.5 
cm or less particles. Particle reduction is required for 
tissue acidification. Grinding aids the dispersion and 
mixing of intestinal anaerobic lactic acid-forming bacteria. 
Bacteria that produce lactic acid ferment the arbohydrate 
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source, resulting in the production of volatile futty acids 
and a sub equent decline in pH to below 4.5, wh.icb 
preserves the nutrients in the carcasses. 

Pathogenic microorganisms associated with the car
casses are effectively inactivated or inhibiled during the 
fermentation process via the decrease in pH6,8. '2,'6, Pre
sumably, fermented material can be stored and wili re
main in a stable state for several monthSS,8,12. Therefore. 
fermentation could be initiated and continue on-farm until 
carcass amounts are sufficient to warrant the cost of 
transportation for rendering. 

ON-FARM FERMENTATION 

Laboratory Studies 
Initial investigations have been conducted in smalJ

scale vessel to evaluate the appropriate combination of 
ground poultry carcasses with fermentation carbohydrate 
and/or other additives required to assure rapid fermenta
tion and bio ecure stabilization that would result in long
term storage on the furrn6,7 . 

Results from laboratory studies indicate: 
• 	 Addition of at least 6 % glucose or whey permeate 

or 8 % whey to ground carcasses promoted fer
mentation as evidenced by a decline in pH from 
5.6 to a range of 4.2 to 4.5 within 7 days. 

• 	 Ground com at a level of 15 % or greater was 
necessary to support adequate fermentation as 
illdicated by a decline in pH to les than 4.5. 

• 	 Addition of an acidulant, bacterial culture, a prote
ase enzyme, or antifungal agents tailed to improve 
the fermentative process. 

• 	 Populations of indigenou colifOrm bacteria and 
added Salmonella typhimurium were reduced from 
moderately h.igh (ca, 1()6 colony forming units 
(CFU)/g) levels to undetectable levels « 10 
CFU/g). 

Scale-up 
Two experiments were conducted to address the scal

ing-up of an endogenous fermentation system of carcass 
stabilization from laboratory to oD-fitrm usell

• In both 
experiments, approximately 10 kg of ground carcasses 
were mixed with an appropriate carbohydrate and placed 
in a closed container witb subsequent additions occurring 
on four consecutive days, resultant batcb size of 50 kg. 

Results from scale-up studies indicate: 
• 	 Batches fermented with sucrose (10%) or wbey 

(10%) and subsequently stored at ejtber 2 Cor 25 
C exh.ibited declines in pH from 5.8 to 4.1 (25 C) 
and from 5.8 to 4.8 (2 C). 

• 	 Batches fermented with whey (10%) , whey per
meate (JO%) or ground com (20%), stoTed at 25 C 
for 12 weeks, exhibited pH decreases from 5.8 to 
4.6, 4.5 and 5.1 within 7 days, Lowest pH levels 



for whey (4.0), whey permeate (4.3) and com 
(4.8) occurred at 18 days and remained relatively 
constant. 

• 	 Initial colifurm levels were greater than 106 CfU/g 
and declined to undetectable levels « 10 CFU/g) 
by the 18th day of fermentation. 

On-Farm System 
Two on-farm fermentation facilities have been instal

led on contract farms with capacities of 86,000 and 
68,000 broilers to demonstrate the tea ibiJity of on-farm 
endogenous fermentation of poultry carcasses2.3

• A grind 
ing unit was specifically designed and fabricated whi h 
allows for the simultaneous addition of a carbohydrate 
source during the grinding of carcasses lS 

• Daily, broiler 
mortality is ground and ground com was added at the 
20% level. The mixture (mortality and carbohydrate) W8..'l 

directly fed into a 1,135 titers (300 gallon) capacity en
closed tank (PCO Thnk # 1 0951, Raven Industries, Sioux 
Fall, SO). 

Weekly pH measurements were obtained from the 
fermentation tank(s) at 3 locations approx.imately 30 cm 
belOOI the surface. Typically, the pH values of the fer
mented product decline belOOI 5.0 within a lO-day period . 
All resulting ferment obtained from both funns was Iran 
ported for rendering at the end of a typical grow-out cycle 
(45-49 days later). Over 13,636 kg of fermented carcass
es have been proces ed into a usable feed ingredient lO 

• 

Results from these studie indicated that fermentation 
can be adapted for the stabiJi~, pathogen-free torage of 
broiler carca ses during a typicaJ 7-week growout. Un
like routine pickup of "fresh" mortalities, fermentation 
and subsequent storage of dead poultry reduces transpor
tation costs by 90 % and eliminates the potential for trans
mission of patbogenic microorganisms through poultry via 
rendered products. 

REFERENCES 

L. Ayres, J. c., J. 0. Mundt and W. E. Sandine. 
Microbiology of Foods. W. H. Freeman and Company, 
San Francisco, CA. 1980. 

2. Blake, 1. P. and 1. 0. Donald. An oo-fMro fer 
mentation system for dead poultry disposal. Poultry Sci. 
71(1):21. 1992. 

3. Blake, J. P., 1. O. Donald, and D. E. Conner. 
On-filrm fermentation of broiler carcasses: In: Proceed
ings 1992 National Poultry Waste Management Sympo
sium, pp. 328-334. National Poultry Waste Management 
Committee, Auburn University, AL. L992. 

4. Blake 1. P., M. F. Cook and O. Reynolds. Dry 
extrusion of poultry processing plant waste.- and pOUltry 
farm mortalities. In: Agricultural and Food Processing 

29 

Waste Proceedings of the Sixtb International Symposium 
on Agricultural and Food Processing Wastes, pp. 319
327. American Society of Agricultural Engineers. St. 
Josepb, Ml. 1990. 

5. Collins, E. R. , and W. D. Weaver. Rendering 
poultry mortalities. American Society of Agricultural 
Engineers. 1991 International Summer Meeting. Albu 
querque, NM. Paper 91 -4050. 1991. 

6. Conner, D. E., J. P. Blake and 1. 0. Donald . 
Fermentative tabiLization of poultry farm mortalities. 
Poultry Sci. 70(1):28. 1991. 

7. Conner, D. E., 1. P. Blake and 1. S. Kotrola. 
Levels of carbohydrate needed to support endogenous 
fermentative stabilization of poultry carcasses and the 
effect of propionic acid on fungal growth. Poultry Sci. 
7 1( 1):29. 1992. 

8. Dobbins, C. N. Lactobacillus fermentation: A 
melhod of disposallutifuation of carcasses contaminated 
by pathogenic organisms or toxic chemicals. In: Pro
ceedings of the National Poultry Wa te Management 
Sympo ium, pp. 76-80. Ohio State University, Colum
bus, OR. 1988. 

9. Donald, 1. 0., and J. P. Blake. Comparison of 
mortality disposal sy tems. In: Proceedings 1992 Na
tional Poultry Waste Management Symposium, pp. 56-63 . 
National Poultry Waste Management Committee, Auburn 
University, AL. 1992. 

10. Johnson, D. Personal communication. Alabama 
Feed Products, Hanceville, AL. 1992. 

11. Kolrola, 1. S., D. E. Conner and 1. P. Blake. 
Development of a practical fermentative process for stabi 
lization of poultry carcasses prior to rendering: Scale-up 
of laboratory studies. Poultry Sci. 71(1):52. 1992. 

12. Murphy, D. W. and S. A. Silbert. Carcass pres
ervation systems-lactic fermentation. In: Proceedings 
1990 National Poultry Waste Management Symposium, 
pp. 56-63. National Poultry Waste Management Sympo
sium Committee Auburn University, AL. 1990. 

13. Parsons, 1. and P. R. Ferket. Alternative dead 
bird di posa! method. Central pickup and fermentation. 
Proceedings North Carolina State University Poultry 
Sympo ium Short Course, Raleigh, NC pp. 7-20. 1990. 

14. Poss, P. E. Central pick-up of farm dead poultry. 
In: Proceedings 1990 National Poultry Waste Manage
ment Symposium, pp. 75-76. National Poultry Waste 
Management Symposium Committee, Auburn UniverSity, 
AL. 1990. 

15. Selinow, W. Personal communications. Di~ie 

Grinders Inc., Guntersville, AL. 1992. 
16. Shotts. E. D., Jr., R. E . Wooley and J. A. Dick

ens. Antimicrobic effects of Lactobacillus fermentation 
on edible waste material contaminated with infucted car
casses. Am. 1. Vet. Res. 45:2467-2470. 1984. 



A NOVEL STRAIN OF INFECTIOUS BRONCmTIS VIRUS 

AFFECTING CmCKENS IN GREAT BRITAIN 


R.E . GoughA, D.l Alexander", and W.l CoxA, 
C.l RandaUB and M. Dagles·8 

ACentral Veterinary Laboratory, Weybride, Surrey, 

KT15 3NB United Kingdom 


BLasswade Veterinary Laboratory, Penicuik, Midlothian, 

EH26 OSA, United Kingdom 


SUMMARY 

Investigations of outbreaks of disease in broiler bree
ders and broiler flocks throughout Great Britain resulted 
in the isolation and identification of a variant strain of 
infuctious bronchitis virus (!BY). 
Studies with commercial vaccines showed that they did 
not confer protection against the novel strains of my. 

INTRODUCTION 

Infectious bronchitis virus (!BV) occurs worldwide in 
the domestic fowl l • Many types of IBV have been de
scribed which may differ either antigenicaUy, in virulence 
or in tissue tropi m from the original Massachusetts stram 
and from each other. There is considerable evidence that 
the virus periodically mutates or undergoes genetic re
combination2• This variation between mv serotype 
makes it difficult to achieve complete protection by im
munizBtion. 

Unusual outbreaks of disease in broiler breeders, 
broilers and later in commercial layers were reported in 
Great Britain in early 1991 and found to be associated 
with a novel strain of mv, designated 793/W. This paper 
deals with the clinical and virological aspects of the iso
late. 

MATERIALS AND METHODS 

Clinical Signs. In broiler breeders the clinical signs 
most frequently reported were sudden drops in egg pro
duction up to 50 % in orne cases with pale-shelled eggs, 
accompanied by respiratory symptoms, trembling, cya
nosi and increased mortality. At po tmortem examination 
the most prominent feature was oedema and myopathy of 
the pectoral IDusc\es, tracheitis and congestion of the 
ovaries. In broilers both tracheitis and pneumonia were 
observed . 

VlTUS Isolation and Identification. Suspensions of 
trachea and caecal tonsil were inoculated into the allan
toic cavity of 9 to ll-day-old commercial SPF chicken 
embryo. All embryo lethal agents were identified fol

lowing electron microscopy (EM) examination of con
centrated samples. 

Haemagglutinating (HA) antigens were also prepared4 

and used in RA hemaggulination-inhibi~/(Hl) tests with 
reference strams of my. 

Serology. Serum samples from flocks of m vaccinated 
broiler breeders in which outbreaks of disease had oc
curred, were tested by m /ill test using antigens prepared 
from M41 and the prototype novel strain 793 /B. 

Protection Studies. Three-week-old SPF chickens 
were vaccinated with live ill20 vaccine and chaUenged by 
aerosol exposure to isolate 793/B four weeks later. After 
4 days the birds together with age-matched unvaccinated 
controls were sampled and virus isolation carried out on 
tracheas and kidneys. A similar group of chickens re
ceived 11120 vaccine at 3 weeks followed by inactivated 
monovalent oil emulsion vaccine at 7 weeks and chal
lenged 6 weeks later. 

RESULTS 

Virw; holation and Identification. Over 20 embryo 
infuctious agents were isolated from tracheas and caecal 
tonsils which were subsequently identified by EM as my. 
Treatment of the concentrates with enzyme produced HA 
titres between 1!' to 210 

• Monospecific antiserum to one 
of the isolates, 793/B, was used in t\\Q-way neutralization 
and HI tests with 12 reference strain of my. No signifi
cant neutralization or inhibition was recorded with any of 
the reference sera, although the bomologous titres of 

5793/B were 28. and 28 respectively. A further 14 'new' 
isolates were similarly tested with monospecific antisera 
to M41 and the Dutch isolates D274 and D1466 and in 
none of the tests was an ill titre of > 24 recorded. 

Serology. Low levels of M41 antibody were detected 
in lhl;! field sera up to 18 ~ks of age, with insjgnificant 
levels to 793/B . Following vaccination with inactivated 
vaccine, a significant rise in M41 antibodies occurred; 
with a mean HI titre of > 28 • Antibody titres to 793/B 
were insignificant up to 22 weeks of age. At 30 weeks, 
approximately 5 weeks after the onset of clinical disease 
there was a significant rise in both M41 and 793/B anti
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bodies. Samples taken at 40 and 50 weeks showed a 
decline in M41 antibody levels but tho e to 793/B had 
been maintained. 

Protection Studies. Following challenge cLinical signs 
were observed in both vaccinated and controls 3 to 5 days 
post-challenge. Challenge virus was isolated from 21 of 
30 tracheas and kidneys sampled from the vaccinated 
birds compared with }9 of 20 samples from the unvacci 
nated controls, 4 days after challenge. Following a fur
ther challenge, 4 weeks after the birds were revaccinated 
with inactiwted IB vaccine, no significant respiratory 
signs were observed. However, challenge virus was rei
solated from l4/l5 tracheas and 91]5 kidneys of the 
vaccinated and from all the control sampJes, 4 days after 
challenge. 

DISCUSSION 

From the resulls of thi study it is concluded that 
recent egg production and respiratory disease problems in 
broiler breeders, broilers and more receoUy commercial 
laying chickens in Great Britain, are associated with a 
strain of mv which appears to be significantly different 
from trains of !BV from which current European ill 
vaccines are designed. 

The mortality occurring during the acute phase of the 
disease and the myopathy affecting the pectoral muscles 
are unusual features to record at the onset of m infection. 

Using antigen prepared from the prototype novel 
strain 793/B, serological monitoring of numerous flocks 
of broiler-breeders and layers in Great Britain and other 
European countries have hown that the virus is wide
spread. 
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We have compared cDNA and oligonucleotide probes 
to detect Newcastle disease virus (NOV) viral RNA in the 
slot blot hybridization method. We have synthesized a 
sequence of oligonucleotides from the published datal at 
the Biotechnology Center, University of Connecticut 
Storrs. The cDNA probe specific fur NOV was prepared 
and characterized in our laboratory. 

The cDNA and oligonucleotide probes were used 
simultaneously on viral RNAs from NDV isolates. Both 
probes hybridi2.ed most of the RNAs from NDV isolates 
and did not cross hybridized to other avian viral RNA and 
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DNAs. When these probes were used at various concen
trations of NOV-RNAs in slot blot hybridization, the 
cDNA probe hybridi2.ed NDV-RNA at lower concentra
tion than the oligonucleotide probe. The application of 
both probes in the slot hybridization method lends to 
suggest their usefulness in detecting NDV. But the sensi 
tivity of the cDNA probe was higher than the oligonucle
otide probe. 

The disadvantage of oligonucleotide probe (short 
probe) WdS that each oligonucleotide could be Labeled with 
only a single reported molecule. Thu . oligoDucleotides 

http:hybridi2.ed
http:hybridi2.ed


are often cited as being 10 to 100 folds less sensitive than REFERENCES 

long probe. In this study it was apparent that the cDNA 

probe (long probe) was a better choice for the detection 1. Jarecki-Black, IC., 10. Bennett, and S. Palmieri. 

of low number of sequestered NDV organisms in the A novel oligonucleotide probe fur the detection of New

tissues rather than the synthetic oligonucleotide probe. castle disease virus. Avian Di . 36: 134-138. 1992. 


POULTRY VACCINES: AN OVERVIEW OF PRODUCTION, 

REGULATION AND QUALITY CONTROL 


Patricia S. Wakenell 


Department of Epidemiology and Preventive Medicine 

School of Veterinary Medicine, University of California-Davis 


Davis, California 95616 


DEVELOPMENT OF VACCINES 

Companies producing vaccine in the United States 
must now have their fucilities licensed by the USDA. 
Previously, small companies that produced vaccines only 
for intrastate use were not required to have a licensed 
facility. Recently, these regulations were changed in 
order to provide more unjfOrmity in biologic products. 
When the facility is Licensed, a USDA reviewer will be 
assigned to that company and will be responsible for 
decisions made concerning license approval . 

Vaccines produced at companies located in the state of 
CaJifornia are either federally licensed or are licensed by 
the state. Regulations pertaining to Califurnia state li
censed products must not be in confiict with federal regu
lations, and a product cannot bave a dual "federallstate" 
license. California is the only state that maintains iL<; own 
licensing program. 

For most vaccines currently produced, all companies 
must abide by the same procedure fOr obtaining a license 
for that vaccine. These procedures are detailed in a book 
called the "Code of Federal Regulations 119" (9 CFR). 
Some vaccines do not have licensing procedures outlined 
in the 9 CFR (new products, etc. ). In these cases, a 
company must submit to the USDA a proposal detailing 
the steps that they wish to take in oreler to obtain a license 
for this vaccine. The USDA will then either approve 
(with or without comments) or disapprove the proposal. 

If no vaccines are available for a parti ular disease 
and there exists a critical need, then a company has the 
option of pursuing a conditional license tor that vaccine. 
Essentially this means that the company only has to prove 
vaccine safety before releasing the vaccine to the consum
ers. EventuaUy, hO'Wever, the company will be required 

to submit the appropriate efficacy data to the USDA in 
oreler to acquire a full license for the vaccine. 

Autogenous vaccines have regulations which apply to 
all autogenous products as a whole. In general, the au
togenous product must be in answer to a specific need, 
must only be used for the location from where the or
ganism originated (or in special cases, adjacent farms) 
and has a limited span of time in which it can be used. 
The main purposes of autogenous products are to address 
emergency needs, needs of specific locations or needs of 
minor species where no suitable substitute currently ex
ists. 

Companies initially will obtain an isolate (virus or 
bacterium), or will purchase a technology which includes 
an isolate. These isolates are generally acquired from a 
university or another research establishment. Occasion
ally, the isolate is "obtained" by culturing the organism 
from a competitor's live vaccine. 

After the organism is in the company's possession, tbe 
culture is screened fOr contaminants and a plan is detailed 
fOr development of the product. This plan will antiCipate 
whether the i olate needs to be further processed, i.e., 
attenuated, decontaminated, concentrated, etc. before a 
master seed tock is produced. Also, the mo t appropri
ate route(s) of application will be detennined. 

VACCINE PRODUCTION 

AND QUALITY CONTROL 


The master seed stock is the parent seed from whjch 
all lots of vaccine are ultimately produced. Companies 
usually try to store as large a quantity of this as possible 
because loss of the master seed could mean loss of the 
vaccme. 

32 



From the master seed, progeny seeds or passes will be 
produced. The first passage beyond the master seed is 
usually designated the production seed. Frequently the 
USDA will limit the number of passes to 5 pas es beyond 
the master seed. (Tbe vaccine virus or bacterium can be 
no greater than passage # 5.) When the actual vaccine 
serial is produced, One of the progeny passes will be used 
as the inoculum rather than the master seed. In this way, 
the master seed can be preserved for long periods of 
time--usually many years. 

Master eeds and all progeny seeds are subjected to 
numerous in vitro tests which include titer, sterility, 
purity (vir.!! contamination), PPLO, COFAL, salmonel
lae, furmaldehyde re idue (inactivated vaccines), and 
moisture (Iyopbilimd vaccines). The master seed is also 
tested for the presence of the organism that it is supposed 
to contain. After in house testing, the company will 
submit vials of the master and production seed(s) to the 
USDA for similar testing in order to verify the company's 
resuJts. 

In addition to proving that the master seed and all 
progeny are pure, companies must prove that the vaccine 
will be safe and efficacious. In general, safety tests are 
conducted using the master seed and all vaccine serials 
that are produced. Efficacy i established by determining 
the minimum dose required to protect a set percentage of 
birds as specified in the 9 CFR (usually 90 %). This dose 
is established using the farthest pa sage beyond the rna ter 
seed that would ever be used as vaccine. This is to hope
fully prevent producing a vaccine that i ignlficantly 
different from the one that was used to establish the 
minimum protective dose (MPD). An MPD must be 
established for each route of application that will be in
cluded on the vac ine label. Once this dose is determined 
and a "buffer" amount added, all vaccine produced must 
have at least thi amount of organism per dose in order to 
be sold. The buffer amount is added to compensate for 
any lass of potency that migbt OC ur during stor'dge of tbe 
vaccine up to tbe expiration date. (The buffer amount for 
most live vaccines is 1.2 log above the MPD. ) Since this 
minimum dose required bas already been detennined, 
mo t Jjve vaccine lots produced wilJ Dot have to. have a 
bird efficacy test conducted on each lot. The company 
only has to prove that each vaccine lot bas achieved tbe 
required titer. Killed vaccines are an exception as the 
vaccine titer determined before inactivation may not be 
representative o.f the efficacy of the product. A vaccine 
can, however. have a much higher amount of organism 
per do e when the vaccine is old-it just cannot be lower. 
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Since most of the above work has been done on a 
small scale in the company's research fucility, parameters 
must be established for large scale production of the 
vaccine (scale up). Sometimes scale up can take a con
sidemble amount of time and effort. Organisms frequently 
grow differently when produced in large quantities rather 
than small. 

Once the safety and efficacy of the vaccine have been 
proven, the company i allowed to produce 3 test lots or 
eria/s of vaccine. These are used for testing the vaccine 

"in the field" (at actual commercial companies) and are 
designated as pre-licensing serials. When used for this 
field testing prior to licensure, these serials will have an 
experimental label. All of these serials (and all subse
quent licen ed erials) will be subjected to in vitro testing 
as outlined for the master and production seeds, safety 
testing and , in appropriate cases, efficacy testing. If the 
field test results are good, then the appropriate data and 
an accompanying production outline will be submitted to 
the USDA for (hopefullyl) license approval. 

The production outline (or recipe) for producing the 
vaccine is often submitted to the USDA shortly after tbe 
deci ion i made to pursue a license and while the organ
ism is still in the research testing phase. Pertinent infur
mati on is then added as often as necessary until the out
line is complete. This helps expedite the time it takes for 
the USDA reviewer to examine the license application. 

Some general comments to consider about the devel 
opment of vaccine: 1) For chicken vaccines, laboratory 
tests are conducted using Specific Pathogen Free (SPF) 
birds. These birds are particularly "wimpy" and safety 
can be difficult to prove. However, if the vaccine is 
made safe enough for use in these birds, it may lose 
much of the efficacy needed in order to be a protective 
vaccine for commercial birds. 2) Since vaccine compa
nies sometimes produce their own vaccines by using a 
competitor's vaccine as a source, there may not be a great 
amount of difference between competitors' vaccines. 
Check to see if the stmin(s) used in the vaccines are the 
same or are different from company to company. With 
kiJled vaccines, the emulsifier or adjuvant used can ac
count for substantial differences in quality despite unifur
mity in strain origin. 3) In general, vaccines produced 
and/or licensed for use in the United States are of a uni
furm and good quality at the time they leave the 
company's warehouse. 
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JNTRODUCTION 	 determine the nucleic acid sequence of DNA. Some of the 

Biotechnology is being used to develop new vaccines 
for the control of avian diseases. Two different types of 
vaccines will be discussed. Subunit vaccines, which 
consist of only the immunogenic portion of a disease 
agent, and vectors (either bacterial or viral in nature) 
which are attenuated live agents that contain a foreign 
gene that codes for the immunogenic portion of another 
disease agent. 

Techniques such as DNA cloning. hybridization, and 
the polymerase chain reaction (PCR) have increased our 
understanding of poultry disease agents at the molecular 
level. Understanding those technique and their potential 
is necessary to comprehend the impact that biotechnology 
will have on the control of poultry diseases in the future. 
Thus, a brief overview, for some of those molecular 
techniques will al 0 be discussed. 

MOLECULAR TECBNIQUES OVERVIEW 

DNA consists of purine (A & G) and pyrimidine (C & 
T) bases which contain the genetic code, and a sugar 
(deoxyribo e) and phosphate backbone which make up 
the structure of DNA. In double stranded DNA, A pairs 
with T and G pairs with CIO. 

RNA contains base..<; like DNA, except that instead of 
T, it contains uracil (U). In addition RNA has a ribose 
and phospbate backbone, whereas DNA utili2es a deoxy
ribose sugar. RNA is single stranded but can double back 
on itself to form stretches of double strands called bairpin 
loops. RNA is not as stable as DNA. It acts as a carrier 
of genetic infurmation from the DNA to proteins. The 
flow of genetic information in a ceU is as follows: 

DNA -> mRNA --> Proteins 
transcription translation 

DNA -> DNA 

replication 


CommerciaUy available enzymes are used to manipu
late and modify DNA in vitro. Those enzymes have many 
uses, some of which are to cut DNA and ligate it back 
together, to synthesize DNA or RNA, and to modify and 
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commonly used enzymes are listed below. 
Restriction Enzymes. Recombinant DNA techniques 

were made possible by the discovery of restriction endo
nucleases (RE). Each RE is named after the bacterium 
from which it was isolated (i.e. EooR! = Escherichia 
coli, Hindill = Haemophilus influellwe). Restriction 
endonucleases cut double stranded (ds) DNA at specific 
sequences called recognition ites. Digestion of DNA 
with REs generates either ticky or blunt ends which can 
be ligated back to each other, or to another piece of 
DNA. 

Modifying Enzymes. Ligase brings t\\oQ pieces of 
dsDNA with similar ends together. DNA polymerase 
synthesizes a complementary strand of DNA, using DNA 
as the template (KJenow fragment, Taq polymerase). 
Reverse transcriptase syothesi1.es a complementary 
strand of DNA using RNA as the template. RNA depen
dent RNA polymerase syothesims a complementary 
strand of RNA using RNA as the template (found in 
many RNA viruses). 

DNA Cloning. DNA cloning4
.B.9 is the insertion of a 

foreign gene into a bacterial plasmid (small, circular 
DNA that exists in the cell separate from tbe chromo
somal DNA) or phage virus (viruses that infuct bacteria). 
This technique is essential for creating subunit and vac
cine vectors. Although there are many ways to clone 
genes, one way involves the following step : 

1. 	Puriiication of the gene of interest (usually 
mRNA). 

2. 	Production of double stranded copy (c)DNA from 
tbe mRNA templates or PCR. 

3. Restriction 	 endonuclease digestion of the vector 
DNA (plasmid or phage). 

4. Insertion (ligation) of the eDNA into the vector. 
S. 	Transformation (uptake of DNA into a bacterial 

ceU) of competent (bacteria capable of taking in 
DNA) Escherichia coli ceUs. 

6. 	Identification of transfonned bacteria containing 
cDNA inserts by insertional inactivation (color 
selection on artificial media). 

7. Grow the transformed 	bacteria in culture medium 
and purify the recombinant DNA. 

Polymerase Chain Reaction (PCR). The PCR am
plifies very smaU quantities of DNA to detectable levelsl. 

http:syothesi1.es


The discovery of a DNA polymerase (Taq polymerase) 
that is stable at very high temperatures, and the develop
ment of computerized temperature blocks have made the 
PCR possible. There are J steps in the PCR which are 
repeated 20 to 30 times. Those steps are: 1) Denatur
ation (95C), 2) Primer bybridi7jltion (30C-40C) , and 3) 
Poiymeri7lltion (nC). 

Generally, the DNA to be amplified is flanked by a 
pair of synthetic primers. The target DNA is denatured 
by beating, and the primers are allowed to hybridize to 
the DNA by iawering the temperature of the sample. 
When the polymerization step is conducted, the sequence 
between the primers is copied, producing twice as much 
DNA as was originally present in the sample. By re
peating the denaturation, hybridization, and polymeriza
tion steps many times, the target DNA is effectively 
amplified. 

The utility of the peR is sli1l being discovered, but 
has been used for cloning experiments, DNA probe pro
duction , DNA sequencing, and many other genetic engi
neering techniques requiring large quantities of DNA. 
The peR will play a key role in the synthesis of subunit 
vaccines or vaccine vectors for avian pathogens. 

Nucleic Acid Sequencing. Nucleic acid sequencing is 
a method whereby the order of the nucleotides (A, C, G, 
and T) in a gene are determined. TWo types of DNA 
sequeocing exist, but onJy one is practical and routinely 
used. Chemical sequencing (Maxam and Gilbert) in
volves the use of hazardous chemicals to cleave the DNA 
after each base9• The procedures are difficult, expensive, 
and potentially hazaTdous since one of the chemicals used 
is hydrazine (rocket fuel) . 

Sanger dideoxyDucJeotide chain tennination sequen
cing is the standard sequencing method used in most 
laboratoriesS,9. Dideoxynucleotides (ddATP, ddCTP, 
ddGI'P. ddTfP) are similar to deoxynucleotides except 
that wben they are incorporated into a growing DNA 
sequence, the addition of other bases is impossible. 
When one of the dideoxynucleotides is used in a chain 
elongation reaction, it causes premature chain termination 
at that particular base. Since this is a random event , 
different lengths of DNA are produced. When 4 separate 
reactions (each with one of the 4 dideoxynucleotides) are 
run and the different lengths of DNA synthesized are 
separated using polyacrylamide gel electrophoresis, the 
sequence can be determined . 

SUBUNIT VACC INES 

Subunit vaccines are vaccines that contain a part or 
"subunit" of the disease agent. That subunit is usually an 
immunogenic protein expressed (synthesized) in bacteria 
or ceU cuLture, purified, and given directly to the bird or 
with an adjuvant. Since subunit vaccines are individual 
proteins, the risk of using live attenuated agents as a 
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vaccine is eliminated. Another advantage of subunit vac
cines is that a large amount of protein can be synthesized, 
whereas extraction of even a small amount of that immu
nogen from the disease agent may be djfficult. 

Problems encountered with subunit vaccines are prop
er glycosylation and protein folding which are necessary 
for immunogenicity of some proteins. In addition, the 
proteins of interest mu t be purified away form other 
cellular contaminants. 

The most popular bacterium used for the expression of 
subunit vaccines is E. coli. Numerous plasmids designed 
for the insertion and expression of a foreign gene in E. 
coli as well as purification kits are commercially avail 
able. 

Yeast (Saccharomyces cerevisiae) has also been used 
to express fureign proteins with the advantage that pro
teins are glycosylated in eukaryotic expression systems. 

BaculOVirus (Aulographa califomica nuclear polybe
drosis virus) which grows in continuous insect eel] lines 
(Sf9, Sfll, MGI) is a commOn eukaryotic expression 
systemi

. High levels of protein expression are achieved 
by inserting a foreign gene into the baculovirus gene that 
codes for the polyhedrin protein (not necessary for repli
cation). This system exploits the extremely efficient 
polyhedrin promoter which results in a high Level of 
protein synthesis. When insect ceUs are infucted with the 
recombinant virus, the foreign protein is synthesized. 

Another common eukaryotic expression system is 
based on s imian virus 40 (SV40) transformed cells. 
African · green monkey kidney cells (COS cells) trans
formed by a defective mutant of SV40 will express high 
levels of a fo reign protein when a plasmid containing an 
SV40 origin of replication and the gene for the foreign 
protein is inserted into the COS cells. 

Synthetic Subunit Vaccines. Other subunit vaccines 
consist of peptides 10 to 40 amino acids long that can be 
synthesized in the laboTatoryl. Once an immunogenic 
epitope on a protein is identified and the sequence is 
determined, that portion of the protein can be manufac
tured syntheticaUy. Since those peptides are usuaUy not 
immunogenic, tbey are commonly coupled to a large 
carrier molecule before they are given to the bird. The 
major advantage of lhis type of vaccine is that they can be 
readily changed and quicldy synthesized for use against 
new antigenic variants of the disease agent. 

VECTORS 

Bacterial and viral vectors are being developed for use 
in poultry. In general, !,>enes from prokaryotes (bacteria 
and mycoplasma) are inserted into bacterial vectors, 
whereas eukaryotic genes (viruses and protozoans) are 
inserted into viral vectors. 

Bacterial Vectors. Recombinant avirulent Salmonella 
species and E. coli that colonize and replicate in the host 



and express one or more foreign proteins, are being 
developed for use as poultry vaccines2.6• Genetic modifi
cations (deletions) that inactivate the genes for adenylate 
cyclase and cyclic AMP are commonly used to render the 
bacteria avirulent. Foreign genes are inserted into the 
avirulent bacterium (homologous recombination, trans
poson mutagenesis) at tbe site of the deletion. Those 
genes are designed such that the bacterium now expresses 
the foreign protein. 

VtrUS Vectors. Virus vecton; are created by inserting 
foreign genes into a nonessential region of the virus 
genome l . Once foreign genes are inserted into the virus, 
the virus is called a vector since it makes protein from the 
foreign gene and presents that protein to the immune 
system of tbe bird. Birds vaccinated with a virus vector 
containing a foreign gene respond immunologically to the 
virus vector as w II as to the foreign protein . 

Advantages of using a virus vector are that proper 
glycosylation and presentation of the protein is often 
achieved. In addition , more than one foreign gene can be 
cloned into the virus vector allowing for tbe construction 
of a multivalent vaccine. This is also true for bacterial 
vectors. A disadvantage of viral vaccine vectors is that 
they are expensive to produce. 

Double stranded DNA viruses are being used as vec
tors bocau e their genome is easy to manipulate. Some of 
the virus vectors being developed include, vaccinia virus, 
fowl poxvirus, herpes virus (HVT), and adenovirus. 

CONCLUSIONS 

Biotechnology must be used to develop more effica
cious., less expensive, or safer vaccines; otherwise, those 
vaccine will be of little practical value. 11 will be diffi
cult to obtain a better vaccine for some disease agents 
u ing biotechnology beeau e extremely effective vaccines 
already exist for those diseases. 

Selection of a subunit or vector-based vaccine will 
depend on the disease agent, the immune response of the 
bird to tbat agent, and the nature of the immunogenic 
protein to be expressed. Selecting the best system is 
often difficult and sometimes several systems must be 
tested before an efficacious vaccine is obtained. 
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All of tbis technology must rely on a thorougb under
standing of' the disease agent and the bird's immune re
sponse 10 tbat agent. Each djsease agent is different. For 
some agents, sucb as avian influenza virus or newcastle 
disease virus, the selection of an immunogenic protein to 
be used in a genetically engineered vaccine is relatively 
clear. Engineering vaccines for other disease agenl" like 
coccidia will be more difficult because we simply do not 
know enough about that parasite/host relationsb..ip at this 
time. 

REFERENCES 

1. Carlson, IH. Development and application of 
genetically engineered viral vaccines of poultry. Avian 
Dis. 30:24-27 . 1986. 

2. Curtiss, R. , S.B. Porter, M. Munson, S.A. Tinge, 
10. Hassan, C. Gentry-Weeks, and S.M. KelJy. Non
recombinant and recombinant avirulent Salmonella live 
vaccines tor poultry. In: Colonization control of buman 
bacterial enteropatbogens in poultry. L. C. Blankensb..ip 
ed. Academic Pres, Inc., San Diego. p.169-198. 1991. 

3. Erlich , H. PCR Technology. Stockton Press, New 
York. 1989. 

4. Goldsby, R.A. Biotechnology: a selective survey. 
Avian Dis. 30:3-11. 1986. 

5. Gubler, U. and B.I Hoffman. A simple and very 
efficient method for generating cDNA Libraries. Gene 
25:263-269. 1983. 

6. Isaacson, R. E. Development of vaccines for bacte
rial djseases using recombinant DNA technology. Avian 
Dis. 30:28-36. 1986. 

7 . Miller, L.K. Baculoviruses as gene expression 
vectors. Ann. Rev. Microbiol. 42:] 77-199. 1988. 

8. Purchase, H.G. Future applications of biotechnol
ogy in poultry. Avian Dis. 30:47-59. 1986. 

9. Sambrook, 1., H.F. Fritsch, T. Maniatis. Molec
ular cloning a laboratory manual. 2M ed. Cold Spring 
Harbor Laboratory Press, New York. 1989. 

10. Stryer, L. Biochemistry. 2nd ed. W. H. Freeman 
and Co., San Francisco. p.559-640. 1981. 



HOW TO CALCULATE VACCINE EFFICACY 

John BrownA and Mark A. GoodwinB 

ADepartment of Medical Microbiology, College of Veterinary Medicine, 

University of Georgia, Athens, Georgia 30603-7386 


aaeorgia Poultry Laboratory, Box 20, Oakwood, Georgia 30566 


Dichotomous data (dead/alive, yes/no) are usually lenge. What clinicians really want to lenO\V is "How 
analy~ using a chi-square test. This permits, for exam efficacious is this vaccine?" Using simple arithmetic we 
ple, the statement that vaccination (yes /no) of chickens is show how to answer this question. 
significantly associated with death (yesIna) after chal-
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SUMMARY 

Intermediate type vaccines could preveot infec tious 
bursal (Gumboro) disease outbreaks caused by a very 
virulent serotype I vi.rus only to a limited extent. They 
failed in situation of high infection pressure. Vaccina
tion failures were due to the inability of the intermediate 
vaccines to break: tbrough maternal antibody in time, as 
compared with the virulent virus, and the deficient timing 
of vacci.natioo. 

These problems were overcome by the use of "hotter" 
vaccines and guidance of vaccinations by application of a 
mathematical fonnula to calculate the optimal vaccination 
age in broilers. This formula was developed on the basis 
of extensive serological testing in a field experiment 
involving nearly 29 million birds on 96 problem replace
ment layer and 714 broiler flocks vaccinated with either 
the LZ 228 E (Mycofilrm) OT the Bursa Plus (Duphar) 
vaccine. Only 4 minOT disease outbreaks occurred. The 
"hot" vaccines had no adverse side effects. Technical 
results were the same as in undiseased flocks vaccinated 
with intermediate type vaccines. 

INTRODUCTION 

Immunity against infectious bursal di ease virus 
(IBDV) is mainly antibody mediated and passive Lmmuni
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ty is transferred with antibodies in the yolk: to young 
chicks. Breeders either are vaccinated only with live 
vaccine aT with live and inactivated (oil emulsion) vac
cines (OEy). It was supposed that chickens coming from 
OEV vaccinated breeders wouLd be hatcbed with antibody 
concentrations that were so high that vaccination with live 
vaccine would be necessary only after 4 weeks of age or 
not at all. 

Most broilers in the Netherlands had Dot been vacci
nated for a period of about 5 years since 1980 and there 
were no major problems. Most likely we benefited from 
the use of inactivated vaccines. 

In 1986, we experienced serious losses in broi lers and 
later in replacement layers as a result of a very virulent 
fonn of Gumboro disease; this was similar to previous 
outbreaks, first in Belgium and then later in Germany, 
England, and Middle Eastern countries. The causative 
virus appeared to be of the classical serotype 1 and not a 
serological variant. Obviou Iy the passive immunity 
evoked by tbe OEV was not sufficient; birds experienced 
the disease around 4 weeks of age. 

To cope with the disease, broiJers were vaccinated at 
about 2 weeks of age with live vaccines, like in earlier 
days. Vaccines were used with an intermediate residual 
pathogenicity like 078, LZ 228TC, and Bursine 2. Un
doubtedly these vaccinations limited the disease. Howev
er, repeated outbreaks occurred on many farms (broiler 



and replacement layer), especially in concentrated grow the field virus but not by the vaccine virus. In such 

ing areas. 
This paper is a survey of the work done to cope with 

the disease by better timing of the vaccinations and the 
use of more virulent ("botter") vaccines. 

RESULTS OF EXPERIMENTAL WORK 

The first important problem was to find the optimal 
age fur vaccination in tbe course of the decreasing mater
nal antibody concentration. Experimental vaccination of 
broilers hatcbed with intermediate and high titres (as 
measured with the IDEXX ELISA), under controlled 
conditions, revealed that in most so-called -Emulsion 
birds" (coming from DEV vaccinated parents), vacci
nation from day 17 onwards gave a quick and good im
munity. Immunity (antibody) developed slower and to 
lOOler titre when birds were vaccinated at an earlier age 
and with higber maternal antibody concentrations. Vac
cines took best when the mean EUSA tilres were 
.5.. 1:500 and preferably around 1:350. For the purpose 
of measuring titres, the EUSA test had the disadvantage 
of being able to reliably measure the relatively higher 
titres but less reliable to measure the lower titres. In the 
beginning we established the vaccination age subjectively, 
guided by our experience. Later we were able to develop 
a mathematical furmula to estimate the optimal vaccina
tion age more precisely. 

In commercial flocks there appeared to be a great 
variation (spread) of titres in just hatched chicks and 
especiaUy between batches from different breeder Bocks. 
Even titres of flocks vaccinated with DEV sometimes 
were surprisingly low. This meant that there was no 
general optimal vaccination age. This ignorance of the 
dynamics of the titre decline. contributed to vaccination 
failures. 

We tried to overcome the disadvantages of this spread 
by multiple vaccinations. Tb.is perhaps helped, but not in 
situations of high infuction pressure (poultry density). 

We demonstrated experimentally that vaccination 
failures were mainly due to the ability of the field virus to 
break: through a considerable higher concentration of 
maternal antibody than the (intermediate) vaccine viruses. 
This meant that in a situation of high infuction pressure, it 
invaded chicken flocks many days befure any vaccine 
vim could. 

Most likely infection takes place as foUows: once the 
field virus is present on a farm after a first outbreak, and 
especially when tbe farm is not disinEcted completely 
(and this is difficult particularly on replacement layer 
farms), chicks hatched with low maternal antibody con
centrations afrer some days start multiplying and excreting 
the virus. After some cycles the virus is built up to high 
concentrations in the Litter and is then picked up by other 
chicks that have an antibody titre that can be overcome by 
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Hocks a vaccination comes always too late. 
It was concluded that in a situation of higb infection 

pressure a more viruJent vaccine virus (which means 
more residual pathogenicity) would be essential to over
come the problem. 

However, we were aware that no vaccine could be 
found that could overcome a maternal antibody titre as 
high as the virulent virus could and at the same time 
would not be pathogenic. 

EXPERIMENTAL VACCINATIONS IN THE FIELD 

Licensed by the Veterinary Authorities, experimental 
vaccinations were performed during a year on 11 problem 
broiler farms (mortality of 10 to 30% in 6 or more suc
cessive flocks) situated in a poultry concentration area. 
The vaccine used was Bursa-Vac Gumboro (lBDV), 
produced by Sterwin Labomtories, Millsboro, DE, USA. 
This vaccine has a relatively high residual pathogenicity. 
While the disease regularly reoccurred on conventionaUy 
(intermediate vaccine) vaccinated farms in the area, it did 
Dot on the 11 experimental farms. 

From Oct. 1990 to Dec. 1991, we were licensed for 
experimental vaccination of a greater number of (neigh
boring) problem farms with 2 other so called Whot" vac
cines; the LZ 228B (Mycofarm Nederlands B. V., P.Q 
Box 8, 3730 AA de Bilt, The Netherlands) and the Bursa 
Plus (Solvay Duphar B. V., P.Q Box. 2, 1380 AA Weesp, 
The Netherlands) . These vaccines were slightly less 
"hot" than the Sterwin vaccine (caused no mortality in 
SPF birds). 

Conditions were arranged for a precise monitoring of 
the success of the vaccination. In broilers this WclS done 
by an estimation of the best day of vaccination based on 
antibody measurement in just hatched chicks, fullowed by 
measurement at the day of vaccination and the day before 
slaughter. This could be done since great experience bad 
been built up with broilers in the previous field experi
ment. In replacement layers, often a second titre mea
surement was done before calculating the vaccination day. 
MOrel/ver these birds were vaccinated twice with a week 
interval. 

A tolai number of 28,830,840 birds were vaccinated 
with either of the 2 vaccines on 96 replacement layer and 
714 broiler problem farms (or neigbboring problem 
farms). None of the replacement layer farms experienced 
the disease. In only 4 broiler farms Gurobol'o occurred. 
Three of the outbreaks occurred ill a very small bouse of 
about 5,000 birds that had not been incorporated in the 
serological testing. The fuurth was more serious, in one 
of 4 big houses, the other 3 remaining free. Losses in 
the affected bouse were 12.4 %. 

So these "bot" vaccines were able to cope excellently 
witb the field virus. There were no differences between 



the technical results of 26 Shot vaccinated" and 95 "con
ventionally (mostly D78) vaccinated" fiums (same integra
tion, same feed, same way of calculation etc. ). Both 
categories bad not suffered from the disease. 

CALCULATION OF AGE OF VACCINATION 

From the many serological data, the mathematical 
distribution of the maternally derived Gumboro titres 
could be calculated. Details will be publi hed elsewhere. 
It appeared that square root (SQRT) transformed titres of 
young broiJers (1- or 2-days-old) were distributed normal
lyand that the average SQRT declined 2.82 per day. 

From this comes the procedure and formula for calcu
lation of the vaccination age if vaccination should be done 
at a mean ELISA titre of 1:500. Take blood samples of 
preferably 24 or 18 just hatched chicks by decapitation 
and perform an ELISA test. Thke square roots of indi
vidual titres and calculate the MEAN SQRT. The best 
vaccination age follows from 

(MEAN SQRT - 22.36) /2.82 (+ 1) 

where 22.36 is the SQRT of 500, that is the titre at whicb 
we decided to vaccinate. If we want to vaccinate at a 
different titre, for example 1:350 we substitute 22.36 by 
the SQRT of 350; (+ 1) is added since it is usual to call 
just hatched chicks l-clay-old chicks. 

If serum is taken from 2- or 3-day-oLd chicks 2 or 3 
should be added. We recommend to take samples from 
chicks that are not older than 3 days. OtheIWise one may 
run the risk of being too late for vaccination. 

Titres can be so low that vaccination is required at, 
for example, day 4. In these cases we decided not to 
vaccinate before day 8 due to a po ible immunosuppres
sive effect of the vaccine virus. It is weU known that the 
immunosuppressive effect of ruDY decreases with in
creasing age of infection. 

It appeared possible to use the SQRT of onJy tbe 
Mean Titre (SQRT MEAN), thus removing the necessity 
to take SQRT's of individual titres. Flocks with titres up 
to 1: 1500, that have in most cases a coefficient of varia
tion (CV) > 50 %, always bad to be vaccinated at day 8 
(see above), making caJculation redundant. 

In flock with titres from 1: 1500 and 1:4500 and a 
25 < CV < 50 % there was a chance of about 7 % that 
the calculation using the SQRT MEAN had a resuJt dif
ferent from that calculated using the MEAN SQRT and 
w.ith higher and lower CV's this chance was .s.. 3 %. 

Also with tilres > 1 :4500 and a CV > 50 % (tbat 
are unusual with the e higber titres) the chance on a 
different result was only 4 %. However, if the CV was 
< 50% the cbance on a different result was 11 -21 %. 

In nearly all cases a different result meant that the age 
of optimal vaccination calculated with the simpler SQRT 

39 

MEAN method wa 1 or 2 days (maximally) later than 
that calculated with the SQRT MEAN method. In case of 
the above combination of high titre (> 1:4500) and low 
CV « 50 %) 1 day could be subtracted from the result 
obtained with the SQRT MEAN calculation. Then there 
is a chance of 80 to 90 % that the vaccination is 1 day 
before time. It is questionable whether this is signiftcant 
in these situations of high titres and hence "late" vaccina
tions. 

In replacement layers, the average of SQRT trans~ 

furmed usually decreased more slowly. Titre decline 
showed a large and unpredictable variation even between 
the same brand of birds housed on different farms. 
Therefore a mathematical formula fur these birds couJd 
not yet be developed. We therefore tested these birds at 
least twice within 10 to 14 day intervals. From lhe calcu
Lated trend it is possible to predict the optimal vaccination 
age rather accurately. 

DISCUSSION 

Two major mctors explained the failure of vaccina
tions with intermediate vaccines against the very viruJent 
mDY field strain. One was the great variation (spread) 
of maternally derived antibody titres in just hatched 
chicks and between batches from different breeder flocks, 
so that broiler flocks had to be vaccinated at various ages 
according to these titres. Therefore a vital part of the 
success of any vaccine depended on an exact as possible 
timing of the optimaJ age of vaccination on the basis of 
serological testing. We found the ELlSA to be the only 
practicle test available to work with under fieJd conditions 
where results have to be generated quickly. This test, 
with its limitations, helped a lot in discovering vaccination 
failures. 

The mathematical formula developed from the results 
of thousands of sera examined during the field experi
ments now enables us to estimate the optimal vaccination 
age rather exactly. 

The second factor was the inability of intermediate 
vaccines to break through maternal antibody levels as 
compared with the virulent vito in the field. This was 
overcome by the use of "holter" vaccines. Their success 
may be explained by their property to break through 
lightly more residual maternal antibody than the interme

diate vaccines. But it probably also depends to a great 
extent on their ability to multipJy better in the host, re· 
sulting in more and longer excretion than with the inter
mediate vaccines. 

The concept "hot" is of course relative. These vac
cine trains, in our opinion, are only slightly more viru
lent than the intermediate vaccines like D 7 8, LZ 228TC 
and Bursine 2. UDder field conditions. technical results 
of vaccinated flocks were the same as those of flocks 
vaccinated with intermediate vaccines. Here it should be 
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tated tbat we did not apply these vaccines in birds youn vaccines in a field situation have no adverse effect as 
ger than 8 days. This means that these so called "bot" compared with intermediate vaccines. 
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Over the past decade, the increased interest in molec
ular biology and biotechnology has spawned new products 
for the treatment, prevention, and control of animal dis
eases. Marek's disease and Newcastle disease are t'M> 
common viral diseases of chickens which have been 
controlled primarily by vaccination. Various vaccines are 
available for both Marek's disease virus (MDV) and 
Newcastle disease virus (NDV). Most (if not all) of the 
commercially available vaccines are prepared by conven
tiooal means from avirulent or low virulent viruses which 
are immunogenically related to MDV and/or NDV. This 
report evaluates a new genetically engineered vaccine lOr 
its efficacy and safety in protecting birds against Newcas
tle disease (ND) challenge. The new recombinant vaccine 
utili2!eS the turkey herpesvirus (HVT) as a vector for 
expressing the fu ion (F) and hemagglutinin neuramini 
dase (HN) proteins of NDV. 

Vaccines and vaccination. Three recombinant vac
cine viruses were evaluated. All three utili:ze<i the HVT 
as the expression vector. Recombinant virus 048 con
tained the F NDV protein, 049 the HN NOV protein and 
050 contained both F and HN. The viruses were admin
istered to day-old birds by the subcutaneous (SC) or 
intraperitoneal (IP) route. The amount of vaccine admin
istered (dose) was varied dependent upon the trial (see 
table I). 

A commercial NO vaccine was used lOr comparison 
purposes. A Bl strain of NOV was used and adminis 
tered by the intraocular/intranasal (lO/IN) method . The 
dose which was administered in all trials was that rec
ommended by the manufacturer. This vaccine was titered 
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in embryos and the dose was calculated to be 5xHY em
bryo lethal dose 50% (ELDso). 

Birds and housing. All birds used were obtained 
from specific pathogen free (SPF) eggs (Hyvac Co. , 
Dallas Center, IA). Following hatch, birds were moved 
into either battery brooders contained in BL2 containment 
rooms or Horsfall-Bauer units. At time of chalJenge, 
birds in the battery brooders were moved into floor pens 
and the containment status of the rooms were changed to 
BL3. Birds placed in the Horsfall-Bauer units remained 
in the units for the duration of the trial. The birds were 
offered feed and water ad libitum. 

Challenge virus. All birds were challenged with the 
Texas GB NDV. A large pool of cballenge virus was 
obtained by inoculating chick embryos and harvesting the 
allantoic fluid. The chal1enge virus was frozen and stored 
at -70 C for future use. Prior to each chaJlenge, the 
challenge virus was titered in chick embryos. 

Antibody and virus titration.. Serologic antibody 
liters [0 NDV were determined by the beta hemaggluti
nation inhibition (HI) assay, u ing 10 hemagglutination 
units of antigen, according to procedures previou Iy 
described l . Newcastle disease virus was titrated in 10
day-old SPF chick embryos using methods described 
previously2.] . 

ExperimentaJ design. FolJowiag hatch, crucks were 
randomly assigned to treatment groups and placed into 
battery brooder units. Extra birds (8 to 10) were eutba
nized and bled tor serologic antibody determination. 
Birds were administered the vaccine virus (as described 
above) following the placement of aU chicks. Control 
birds were not vaccinated. In trials 2, 3, and 4 unvacci



nated entinel birds were wing banded and placed with the 
group receiving the 050 vaccine the day following vacci
nation. The sentinel birds were commingled with the 
vaccinated birds and remained so for the duration of the 
trial. Blood samples were collected the day prior to 
challenge. Birds wert: challenged at 3 weeks of age. The 
challenge dose and route were dep ndent upon the trial 
design (see Table 1). Birds were observed daily for a 
period of 2 weeks at which time all surviving birds were 
euthanized and necropsied. All birds wruch died during 
the trial were necropsied on the day of death. Mortality 
and morbidity were noted. Moribund birds and/or birds 
which were nonambulatory were euthanized and consid
ered as mortalities. Blood samples were collected at the 
end of the trial from surviving birds. 

RESULTS & DISCUSSION 

The results of the cballenge studie ' are shown below 
in Table 1. The results of the fIT assay revealed that all 
chicks were free of detectable maternal antibody. All 
control birds had III titers less than 1:4 the day prior to 
challenge. Negative control birds had m ti ters less than 
1:4 at the termination of the trial . Birds vaccinated with 
the B 1 commercial vaccine developed fIT titers ranging 
from 1: 8 to 1: 1024 prior to challenge. The birds vacci
nated with the recombinant vaccines developed low (or 
no) HI titers ranging from 1:2 to 1 :32. The geometric 
mean titers for the B1 vaccine and the recombinant 050 
vaccine are shown in Table 2 . 

Bird that were necropsied following chal lenge with 
the 'Texas GB NDV challenge virus displayed no gross 
lesions. There was no evidence that any of the vaccines 
caused unwcUlted side effects, such as granulomas from 
injection, tumors, etc. Similarly, there were no cljnical 

signs of disease of any kind throughout the vaccination 
(prechaUenge) period. 

SUMMARY 

The recombinant vaccines containing the NDV fusion 
(F) protein, alone or in combination with the hemaggluti
nin neuraminidase (HN) protein, were protective. This 
protection ranged from 80 % to 100%. The recombinant 
vaccine that contained only the HN protein conveyed little 
protection (20%) . The commercial Bl vaccine was 100 % 
protective in aU trials. Birds vaccinated with the com
mercial B 1 vaccine developed moderate to high III titers. 
The birds vaccinated with the recombinant vaccine devel 
oped low or no HI tilers. There was no indication that 
any vaccine (recombinant or commercial) caused any 
deleterious or unwanted effects On the birds. The recom
binant vaccine did not spread to unvaccinated entinel 
birds placed in contact with vaccinated birds. 
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Table 1. Efficacy of a recombinant Newcastle disease vaccine virus. 
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TriaJ 2 

\Ila:!no Grp No. Birds \loa::Ine 000.' - ""mRt Chall on~. 

000e"' 1""m I'll 

MOt"I "" 
Morl 

Motl> "" 
Morb 

"" 
l'nIlec:tlon 

No \Io<:cir,o to - 0 0 0 ° 
No 'hocinD 'l!l 0.6 11M "lll 100 % 0 01' 0 :1 

Comm. \oIIce. 19 Bl 5.7 JOIl N · 0 01' 0 Ol' 100 \l 

Rocan. P "lll 048 3.8 sc 0 0" 0 0" 100% 

&com. F+HN "lll 050 3.9 SC · 0 0'.11 0 0" 100" 

&com. F HN 2Q 050 3 .3 SC · 0 0" 0 0" 100" 

Sen!. Bildl to · 9 . 00 1' 0 Olli 10" 

Trial 3 

'\ka:1 110 Grp No. Bird. _ne 000..
..,. 

Adm RI ChalJ...,. 

~/ J\jjmRI 

MOI'l " 
Mort 

MOO'b ~ 

Morb " l'nIleo:lloo! 

No Vaccine 10 - 0 0 0 0 

No \Ioc>cinc 7f.l 4.0/1M 20 100" ° 0% 01' 

Ccmm. \oIIce. 29 BI 5.7 JOlIN 0 0" 0 01' 100" 

J!<o:m. P+HN JO OSO H S 2 71' 0 01' 93l1i 

1I.«un. P+HN JO 050 ..J SC 6 31" ° 0 1' SO" 

"-an. F+HN 30 osa 3.8 SC 5 I H I ° 0 1' 83" 

SenI. BIJdo to · 10 100li 0 0" 0" 

Trial 4 
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Trial 5 
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A Dose of Commercial Bland Texas OB Cballenge NDV in ELD50 
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TABLE 2. Geometric Mean Titers (GMTh) of Birds Vaccinated with a Commercial Bi ND Vaccine and a Recombinant 
NO Vaccine. 
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INTRODUCTION 

Newcastle disease virus (NOV) is the causative agent 
of a severe and highly contagious disease of poultry. The 
economic loss caused by this disease warrants control by 
vaccination or by quarantine. with slaughter of flocks in a 
confirmed outbreak. NOV is unique in that different 
NOV isolates can be classified based upon a broad spec
trum of virulence and pathogenicity, but show little anti 
genic variability. Due to the conserved antigenicity of 
NOV isolates, vaccination with mild or apathogenic NOV 
strains provide a broad range of cross-protection against 
virulent strains. The hemagglutinin-neumminidase (HN) 
and fusion (F) proteins are glycoproteins found on the 
surface of the NDV particle and both are considered to be 
involved in the generation of immunity. 

Fowlpox virus (FPV) is the prototype species of the 
Avipoxvirus genus of the family Poxviridae. This virus is 
a large (- 300 kb) double stranded DNA viru. FPV bas 
been used successfully for many years as a live attenuated 
vaccine. We have developed a fuwlpox delivery system 
(viral vector) expressing the HN and F antigens of NDV. 
This vaccine, when administered to l-day-old chicks, 
elicits protective immunity against both FPV and NDV. 
In this paper, we report the construction of this vaccine 
and present data from various animaJ trials, demonstrating 
its high degree of efficacy . 

RESULTS 

Construction of recombinant FPV vaccines. The 
HN and F genes from the B1 strain of NOV were isolated 
as cDNA clones, using oligo dT primed poly A selected 
mRNA. The genes were subsequently engineered to be 
under the control of synthetic pox virus promoters, and 
DNA cassettes containing the NDV HN, NDV F, and 
NDV HN +F genes were constructed. DNA cassettes 
containing the NOV genes were inserted into plasmids 
flanked by FPV DNA homology regions. The three 
plasmids containing the various NDV gene cassettes were 
transfected individuaUy into cells previously infucted with 
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FPV (an attenuated strain) and the desired recombinant 
viruses were purified by plaque assays. The recombinant 
viruses containing the HN and the HN +F cassettes were 
screened by plaque hybridimtion, using NOV HN DNA 
as a probe. A bacteriaJ marker gene (E. coli lacZ) was 
included in the F gene cassette, and the recombinant virus 
containing the F gene cassette was screened by a t}-gaJac
tosidase enzymatic plaque assay. Recombinant viruses 
containing the NOV HN, F and HN+F cassettes were 
selected and plaque purified. The insertion of the NOV 
(RN and F) genes by homologous recombination was 
confirmed by Southern blot analysis with DNA probes 
specific for botb the NOV genes and the FPV DNA used 
to mediate t.he bomologous recombination event. 

In vitro expression. Expression of both NDV genes 
i under control of identical but separate synthetic pro
moter elements. This synthetic promoter functions as 
both an early and late promoter, directing expression 
throughout tbe reproductive cycle of the virus. Black 
plaque experiments were conducted examining HN and F 
expression from high titer stocks of FPV INDV-HN, 
FPVINOV-F, andFPV INDV-HN +F. Infucted CEF cell 
monolayers were fixed with methanol and then probed 
eparately with 2 NDV pecific monoclonal antibodies 

(MAb). MAb 5-3F2 and MAb 3-1G5 specifically react 
with HN and F respectively. Infected celJ monolayers of 
the parental strain of FPV were included as controls. 
Anti-HN MAb 5-3F2 was shown to react with 
FPV INDV-HN and FPVlNOV-HN+F, but not with 
FPVINDV-F. Anti-F Mab 3-105 was shown to react 
with FPV INDV-F and FPVlNOV-HN +F, but not with 
FPV/NOV-HN. Neither MAb was found to react with 
cells infucted with the parental strain of FPV. 

Efficacy. Groups of l-day-old SPF chicks (HyVac 
Inc.) were immunized with recombinant tOw/pox viruses 
that expressed either the HN antigen, the F antigen , Or 
both antigens. Non vaccinated controls were also includ
ed. Three weeks post-vaccination. the birds were chaJ
lenged intramuscularly with either virulent NDV or viru
lent FPV (Table 1). The cballenged chicks were ob
served daily for 14 days for clinical signs and death due 



to NOV. Non-vaccinated control bird showed 100% 
mortality. FPVINDV-HN +F vaccinated birds showed 
100% protection against FPV challenge. Birds vaccinated 
with FPVINDV-HN showed 95 % protection compared 
with 85 % seen with birds immllIlimd with FPVINDV-F. 
These results uggested that recombinants expressing HN 
and F alone provided only partial protection. When both 
NDV proteins were combined into the same virus 
FPVINDV-HN +F, an enhancement of protection against 
lethal NDV challenge was obtained. resulting in a lower 
protective dose. The chicks that were cbaUenged with 
FPV were scored for pox lesions. Non-vaccinated control 
birds showed no protection against FPV lesions. Birds 
vaccinated with FPVINDV-HN +F were completely 
protected from FPV Ie ions. 

Duration of immunity. The duration of immunity 
conferred by vaccination with FPVINDV-HN +F was 
examined. A group of SPF chicks was immunized with 
FPVINDV-liN+ F at 1 day of age and then chalJenged 6 
weeks post-vaccination with either NDV or FPY. Com
plete protection was observed against both NOV and FPV 
challenge in FPVINDV-HN +F vaccinated birds, where 
as non-vaccinated controls were totally susceptible to both 
viruses. These results suggest that the duration of immu
nity afforded by vaccination with FPV-NOV-HN +F 
would span the lire of a broiler bird (6 weeks). 

Safety. The effect of vaccinating hens in lay with the 
recombinant FPVINDV HN +F was evaluated by assess
ing egg production po t-vaccination. One group of 50 
hens was vaccinated and a second group of 50 hens, 
housed under conditions identical to the vaccinated group, 
served as non-vaccinated controls. Daily egg production 
was monitored for 4 weeks po I-vaccination. No differ
ences were observed in egg production between tbe 2 
groups of bens, indicating this vaccine will not adversely 
affect egg production in laying bens. 

Effect of maternal antibody. A study was conducted 
to determine whether FPVINDV-HN +F could actively 
immunize chicks in the presence of maternal antibodies 10 
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both NOV and FPV. Chicks obtained from NDV and 
FPV immunized flocks were vaccinated with FPVINDV
HN +F and 3 weeks after vaccination, they were chal
lenged with either virulent NDV or virulent FPV. Clini
cal responses were compared with non-vaccinated chicks 
from the same flock and with non-vaccinated chicks from 
an antibody negative flock (Table 2). Chicks derived 
from antibody negative flocks showed 100 % mortality. 
Protection against NDV cbaUenge, in non-vaccinated 
chicks known to have matemaUy derived antibody against 
NOV. ranged from 30 to 60%. Protection levels in
creased. to a range of 75 to 85 %, when the maternal 
antibody positive chicks were vaccinated with FPVINDV
HN+F suggesting an active immunization. The increase 
in NDV protection from 30 % to 75 % (flock 1) and 55% 
to 85 % (flock 2) clearly demonstrated the ability of 
FPVINDV-HN +F to partiaUy overcome maternal anti
body to both NDV and FPV. A decrease in FPV protec
tion (90 %) was observed in flock 1, suggesting some 
inhibition of FPV replication. 

CONCLUSlONS 

Several FPVINDV recombinant viruses were evaluat
ed for their potential use as a poultry vaccine. Recombi
nant vaccine FPVINDV-FIN +F, expressing both the HN 
and F glycoproteins of NDV, was shown to be superior to 
recombinant vaccines expressing either the HN or F 
proteins alone. The duration of immunity (both NDV and 
FPV) c-onferred by immuni1Jltion with FPVINDV-lIN +F 
was determined to be complete for at least 6 weeks after 
vaccination. Vaccination of laying hens with FPVINDV
HN +F did not adversely affect egg production. In
creased protection levels to virulent NDV were seen in 
ch.icks known to have maternaUy derived antibody against 
NDV, after vaccination with FPVINDV-HN +F. This 
result suggests that FPV lNOV-HN +F Can actively immu
nize and partiaUy overcome maternally derived antibodies 
to both NDV and FPV. 



Table 1. Immunity conrerred by Fowlpox recombinant vaccines vectoring different genes from Newcastle disease virus 

Challenge" 

VIRUS NDV FPV 

FPV/NDV-HN 8 x lOS 95 

FPVIN DV-F 85 NT 

FPV/NDV HN+ F 2 x }(jl 100 100 

Controls none o o 

Percent protection foUowing challenge 3 weeks post-vaccination 

PFU10.1 ml dose 

Not tested 


Table 2. Ability of recombinant vaccine FPV INDV-HN + F to vaccinate chicks with maternal antibody. 

Challenge" 


Flock Vaccination Hen Antibody NDV FPV 


History NDV~HI NOV ELISA FPV-AGP 

1 NDV + FPV 1:36 1: 1738 Neg 

2 NDV + FPV 1:64 1:2852 Neg 

3 NOV only 1:92 1:4324 Neg 

4 None Neg Neg Neg 

Pel" eot protectioo foUowing cbaUenge 3 weeks post-vaccination 

Vacc 

75 

85 

80 

Controls 

30 

55 

60 

0 

Vacc 

90 

100 

95 

Controls 

0 

0 

0 

0 
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INTRODUCfION 

III ovo vaccination techniques provide a means to elicit 
active immunity at the earliest opportunity in a bird's life. 
Consequently, ill ovo technology could assist the poultry 
industry worldwide to significantly improve vaccination 
efficacy' . The present studies evaluated the administra 
tion of a Marek's disease vaccine ill ovo, and the result
ing benefit in commercial poultry production. Some of 
these data appear in Miles et af. 

MATERIALS AND METHODS 

In three studies, a series of trials were conducted at 
rnu integrated commercial broiler companies. The 
INOVOJE~ system (Figure 1) was used to inject broil
er hatching eggs in groups of 36 or 42 eggs at ·8 time, 
while the eggs were held in incubation trays. The system 
puncbes a smaU hole in the blunt end of the egg and 
vaccine is injected belOYJ the chorioallantoic membrane. 
The system then transfers eggs into hatcher trays in 
groups of 144 or 168 at a time. The system is designed 
to vaccinate and transfur 20,000 eggs each hour. Inj ec
tion needles and punches are cleaned and sanitized in 
place between each injection. During these triaJs, sam
ples were collected to monitor sanitation of needles and 
vac~ine lines. Samples of sterile saline and vaccine dis
pensed through the needles on the INOVOJE~ system 
were collected during and after each trial. These samples 
were cultured for microbiological growth. In Studies 1 
and 2, live production performance of broilers vaccinated 
ill avo on Day 17 or 18 of incubation with HVT and SB-l 
Marek's disease vaccines using the lNOVOJE Cf8 egg 
injection system was compared to broilers inj ected with 
the same vaccines on day of hatch by the conventional 
subcutaneous method. In Study 3, safety and efficacy of 
a bivalent HVTISB-l vac ine administered to embryos in 
ova using the lNOVOJE~ egg injection system was 
compared to broilers injected with the same va cine on 
day of hatch by the conventional subcutaneou method. 
A subsample of 100 birds from each treatmeot group, in 
Study 3, was challenged with Marek's disease virus after 
hatching. Both ill ovo and conventionally treated eggs 
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and chicks were subjected to imilar incubation and grow
out conditions in aU studies. 

RESULTS AND DISCUSSION 

Table 1 shows results of production perfurmance after 
the INOVOJEC}'Qt system was used. Differences in early 
mortality and average body weight varied between stud
ies, being either numerically greater or less in birds vac
cinated in ova. However, in all three studies finaJ livabil 
ity was greater, and feed conversion, cost of production, 
and condemnations were numericalJy 10000r in the INO
VOJE~ treated birds. In two trials (Study 3, bivalent 
Marek's vaccine administered) where a subsample of 
birds was challenged with Marek's disease at five days 
posthatch, protection was essentially equal (data not 
shown). Previous research by Sharma and Burmesteil 
showed that ;n ova vaccination with HVT vaccine at Day 
18 of embryonation provided earlier protection than vacci 
nation at hatch. Of tbe 1,709 microbiological samples 
collected from vaccine lines and needles, 6 were posiliw 
for bacterial growth and 3 were positiw for mold growth. 

These production and microbiological results indicate 
that the INOVOJE~ system is safe, efficacious, and 
cost effective for the administration of Marek's di ease 
vaccine. Consequently, the INOVOJE~ can replace 
existing conventional Marek's vaccination in commercial 
hatcheries. Furthermore, by providing access to the avian 
embryo, the INOVOJE~ system will provide the basis 
for introducing a variety of novel biotechnology based 
products capable of improving bird health and perfor
mance posthatch. The next decade is likely to see the 
development of many such products, suitable for ill ovo 

administration, including novel vaccines, immune modifi
ers, and perfurmance regulators. 
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Table 1. Live production performance of broilers vaccinated for Marek's disease with the INOVOJEC1 (In Ovo) system 
versus conventionally (Conv.) vaccinated birds. 

Productioo Variable Study J Study 2 Study 3 

Number of Trials 

Paired vs. Non-Paired 

Morek's Vaccine Used 

28 

Non-Paired 

HVT + SB I 

14 

Paired 

HVT + SB-I 

2 

Paired 

BIVALENT HVT/SS-I 

Trea.tmeot Coo'\'. In Ovo Conv. In 01'0 Conv. In Ovo 

Number f Eggs Evaluarcd 

% Hatchability 

Number of Chicks Placed • 

% I Week Mortality 

% Final Livability 

Average Body We ight (Ib) 

Feed Conversion 

% Total Condemns 

% Marek's Condemns 

Produ tion Cost ($Ilb) 

Production Cost ($/kg) 

2,885,464 2,885 .464 

83 .91 83.75 

9,739 ,225 582,500 

0.75 0.54 

96.6R 96.70 

4 .65 4.59 

2.00 1.98 

0 .73 0.63 

0.04 0.0\ 

.1607 .1597 

.3543 .352 1 

NA NA 

NA NA 

257 ,575 260,575 

1.58 1.89 

96 .38 96.65 

4. 58 4 .57 

2.08 2.05 

0 .53 0.52 

0 .01 0 .0 1 

.1909 .1883 

04208 .415 1 

64,800 64 ,800 

86.29 85 .73 

42,600 42,600 

0045 0040 

96 .97 97.56 

4 .76 4 .96 

2.08 2.05 

1.32 0.68 

0.00 0.00 

.1641 .1605 

.3618 .3538 

... 1n Study 1 conventional production data includes chicks not included in hatchability trials. 
NA = Data Dot vailable. 
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Figure 1. The TNOVOrnCl system. 

FIELD SAFETY AND IMl\fiJNOGENICITY OF LIVE 

AVIAN ENCEPHALOMYELITIS (AE), FOWL POX AND 


COMBINED AE + FOWL POX VACCINES IN CmCKENS 


Girisb Sanna and William Greer 

TRI BIO LABORATORIES, INC. 

1400 Fox Hill Road, State CoUege, PA 16803 


INTRODUCTION 

Avian Encephalomyelitis (AE) is a viral infuction of 
young chic/rens. The disease is characterized by ataxia 
which progres es to paralysjs and tremors of the head and 
neck. Clinical outbreaks of AE are usually ob erved in 
bird between I and 3 weeks of age. Inrected adults 
u uaUy show no clinical signs except a transient drop in 
egg production. The causative agent of the disease is an 
enterovirus belonging to the Picornaviridae family. 
Allhough the di ease is world wide in distribution, it can 
be controUed by an effective vaccination program in the 
breeders. 

Fowl pox (FP) is a slow spreading viral disease of 
chickens, turkeys, and other birds characterized by cuta
neous lesions on unfuatbered kin on the head, neck, legs 
and feet, and/or by djphtheric lesions in the upper diges
tive and respiratory tract. The di ~ is caused by a 
large, DNA pox virus. In the mild cutaneous form of the 
disease the mortality is usually low. A high mortality 
rate is seen in case of generalized infuction or in diphther
ic torm of the disease. The disease in chickens and tur
keys can be prevented by vaccination. 

The objective of this study was to evaluate the efficacy 
and field sarety of Tri Bio's freeze dried, Live AE, Fowl 
Pox and combined AE + Fowl Pox vaccines in chickens 
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as part of the requirements for licensing the products by 
the USDA. 

MATERIALS AND METHODS 

Vaccines: The AE vaccine used in tbis study con
si ted of a freeze-dried preparation of live AE virus (Cal
nek strain) grown in specific pathogen free (SPF) chicken 
embryos. 

The Fowl Pox vaccine consisted of a lyophifuEd 
preparation of live fowl pox virus grown in SPF chicken 
eggs. 

The combined AE + Fowl Pox vaccine consisted of 
lyophilized preparations of live AE and fowl pox viruses 
grown in SPF chicken embryos and mixed together so as 
to present both the vaccines in one vial . 

Prior to use, aU the vaccines were reconstituted with 
sterile diluent follOYling the manufacturer's directions tor 
use circuJars that comes along with the products. 

Chickens: SPF chickens were used for studying the 
efficacy of the vaccines under laboratory conditions. For 
evaluation of the safety and efficacy of the vaccines under 
field conditions, commercial layer type chickens located 
at different geographical areas of the country were used . 

Method of Vaccination and Challenge: The vac
cines were administered to chickens foU owing the manu
facturer's directions for use circulars. For evaluation of 
the safety of the vaccines, mortality rates at three weeks 
before and after vaccination were compared. Vaccine 
efficacy was determined on the basis f actuaJ challenge 
against virulent strains of 
the vaccine viruses. 

RESULTS 

The results of efficacy and field safety studies On the AE 
vaccine are pre ented in Table 1. The vaccine when 
administered orally through drinking water provided 80 % 
to 100 % protection against chaUenge when tested under 
laboratory conditions. The vaccine was al 0 tested to be 
efficacious when evaluated under field conditions. The 
field vaccinated birds when challenged intracerebrally 
against virulent strains of the AE virus, 100% of the 
vaccinates were protected. The vaccine was also found to 
be equally efficaciou when administered via wing-web 
route. 

Table 2 represents the safety and efficacy of Tri Bio's 
Fowl Pox vaccine in chickens administered either through 
wing-web or oral route. The vaccine proved to be highly 
efficaciou when administered via wing-web route rather 
than administering it orally through drinking water. The 
protection against cballenge ranged from 95 % to 100 % 
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for the wing-web administered vaccine, compared to 20 % 
to 80% for the same vaccine administered orally through 
drinking water. The vaccine also proved to be efficacious 
when tested under field conditions. More than 95 % of 
the vaccinate showed " takes " and when challenged 
against virulent strains of the virus, 100% of the field 
vaccinated birds were protected. 

The results of safety and efficacy study of the com
bined AE + Fowl Pox virus vaccines are shown in Table 
3. The combined vaccine protected more than 90% of 
the vaccinates when chalJenged against either AE or fowl 
pox. 

DISCUSSION 

The present study did not reveal any significant differ
ence in the efficacy of Tri Bio's AE vaccine administered 
ejther orally through drinking water or via wing-web 
route. The rate of protection against intracebral challenge 
ranged from 80% to 100% depending upon the titer of the 
vaccine virus in each dose of the vaccine. The vaccine 
a1 0 proved to be safe and effective when tested under 
field conditions. 

The protective efficacy of the Fowl Pox vaccine ad
ministered via wing-web route ranged from 95 % to 
100 %. The same vaccine, when administered oraUy 
through drinking water, did Dot perform as good as com
pared to the wing-web route of administration. We found 
about 80 % protection again t challenge when the vaccine 
was administered orally at a maximum rdte of 1,000,000 
IDs./ dose. In contrast to this, the wing-web administered 
vaccine provided 95 % to 100 % protection at a minimum 
rate of 50 to 100 ID5(/ dose. These results corresponded 
with some of the earlier findingsl •2•J and represented a 
higher rate of protection than that described by Sarma and 
Shanna4

• Our finding indicate the feasibility of mass 
administration of fowl pox vaccine by drinking water 
provided that the virus concentration in the vaccine is 
sufficiently high. 

Incorporation of both AE and fuwJ pox viruse in one 
preparation to make the combined vaccine did not effect 
the protective efficacy of either AE or fuwl pox vaccine 
against chaUenge. 
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Thble 1. Safety and efficacy of Tri Bio s chicken embryo origin, live AE virus vaccine in chickens. 

No. of Route Age at Titer No. of No. of % 
birds of vaee. per birds birds protection 
vacc. ad min. (wk..) dose chaU. pos. 

(Tdso) 

30 Oral 8 10 30 6 80.0 
30 Oral 8 25 30 3 90.0 
30 Oral 8 100 30 2 93.3 
20 Oral 8 501 20 0 100.0 

205,186'" Oral 10 >630 25 0 100.0 
20 WW 8-10 32 20 95.0 

* Birds vaccinated for field safety trial. Average mortality at 3 weeks before and 3 weeks after vaccination in the field 
trials was 0.2 and 0.3% . The percentage positiw in the unvaccinated controls ranged from 90.0 to 100.0% . 

Table 2. Safety and efficacy of Tri Bio's chicken embryo origin, live fowl pox virus vaccine in chickens. 

No. of Route Age at Titer No. of No. of % 
birds of vaee. per birds birds protection 
vaee. admin. (wk.) dose chaU. pos. 

(Id50) 

30 ww 8 50 30 0 100.0 
20 WW 9 100 20 1 95.0 
30 WW 8 316 30 0 100.0 
30 WW 8 794 30 0 100.0 

140,409* WW 8-10 >794 25 0 100.0 
20 ORAL 10 10,000 20 16 20.0 
20 ORAL 10 100,000 20 12 40.0 
26 ORAL 8 1,000,000 26 7 73.0 
20 ORAL 9 1,000,000 20 4 80.0 

"'Bird vaccinated for field safety trial. Average mortality at 3 weeks before and 3 weeks after vaccination in the field 
trial was 0.1 %. The percentage positive in the unvaccinated controls ranged from 90.0 to 100.0% . 
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Table 3. Safety and efficacy of Tri Bio's chicken embryo origin, combined live AE + fowl pox virus vaccine in 
chickens. 

No. of No. of birds % 
birds Titer/Dose {ID~L Challenged protection 
vacc. AE FP AE FP AE FP 

30 7943 126 30 100.0 
30 50 1995 30 93.3 
30 63 30 100.0 
30 50 30 100.0 
60 32 79 30 30 100.0 90.0 

26,309* >794 >2,500 25 25 100.0 100.0 

'" Birds vaccinated for field safety trial. Average mortality at 3 weeks before and 3 weeks after vaccination in the field 
trial was 0.1 %. The age at vaccination ranged from 8-10 weeks. Vaccines were administered by wing-web route. The 
percentage positive in the unvaccinated controls ranged from 90 to 100 % 

VACCINATION TRIALS WITH A COMBINED OIL 

ADJUVANT NEWCASTLE AND FOWL CHOLERA VACCINE 


M.H. Nadia, S.M. Gergis, Ensaf M. Khashabah, 

Fekria A. El-Bordeny, and Salwa M. EI-Assily. 


Veterinary Serum and Vaccine Research Institute, 
P.O. Box 131, Abassia, Cairo, Egypt 

A combined inactivated oil emulsion vaccine for New
castle disease (ND) and fowl cholera (FC) was tried in 
chickens. Serum samples collected after vaccination re
vealed that protective titers to NO and Fe could be devel
oped after vaccination . Challenge test results also indicat
ed that protection levels of 100 % against ND and 90 % . 
against fowl cholera could be achieved after booster 
vaccination with trug new combined vaccine. 

INTRODUCTION 

Newcastle disease and fowl cholera have been recog
nized as the most important devastating pathogens of 
poultry in Egypt 'O and all over the world'. Propbylactic 
measures fur protection of chickens against both diseases 
include the using either living attenuated,,5 or inactivated 
vaccines3

•
4

•
7 

• Inactivated products have become increas
ingly popular because they contain no live organisms 
which may adversely affect growth, egg production, 
hatchability and fertility of the breeders, or be shed 
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through the egg causing clinical disease in the chick". 
Another reason is that they now con.tain better emulsions 
which are more syringable, induce less severe localization 
reaction, and contain more efficient adjuvantsJ • These 
improved emulsions allow slow release of antigen over a 
long period of time resulting in higher, longer lasting, 
and more unitbrm antibody titers in pullets than can be 
attained from continued use of live vaccines during layS. 
The resulting more unitbrm levels of maternal protection 
make immunization of progeny more predictable. 

In addition, more popular combinations of killed 
vaccines are now commercially available tban ever before 
which ontain multiple antigens. Two of these combined 
vaccines include Newcastle disease (ND) and i.nfucti.ous 
bronchitis (IB), and malabsorption syndrome (MA) and 
viral arthritis (VA) viral ant jgens' 2. Trivalent combined 
vaccines containing ND, IB, and Hemophilus gaIliJlal'uln 
(HG), or ND, fowl pox (FP) and fowl typhoid (FT) have 
been tried successfully in chickens8.9. 



The aim of this investigation was to study the possi
bility of producing a combined inactivated vaccine for ND 
and Fe which can be used to induce protective immunity 
against both diseases. 

MATERIALS AND METHODS 

A total of 200 white leghorn susceptible chickens were 
used in thi rudy. They were obtained from a laboratory 
hatchery as I-day-old chickens and raised in an isolated 
facility to 50 days of age. Serum samples collected from 
these chickens before experimentation were negative for 
Pasteurella multocida, and ND antibodies. 

Chickens were then divided into 4 groups (50 each). 
The first, second, and third groups received ND, FC and 
combined (ND + FC) vaccines respectively, while the 
fourth group WdS kept as non-vaccinated controls. 

Blood samples were collected from aU groups at wee
kly intervals after the vaccinations. 

Vaccines used in this study were locally prepared by 
Veterinary Serum and Vaccine Research Institute, Cairo, 
Egypt. The inactivated Newcastle disease vaccine was 
prepared from the F strain of NDV propagated in the 
allantoic cavity of embryonated chicken eggs. Tbe.n 
formalin was added to the harvested fluids for virus inac
tivation. A sample before inactivcl.tion was taken and 
titrated in 9-day-old embryonated chicken eggs for detec
tion of EIDsofml and the hemagglutination (HA) titer. 
The vaccination dose was 0 .5 ml which contained 108

.
6 

EID50 • 

FC vaccine was a trivalent formalin-inactivated, oil
adjuvant vaccine prepared from local isolates of P. mul
rocida. The combined (NO + FC) vaccine was prepared 
by adding equal amounts of double the antigen content of 
each vaccine. Then the mixture was adjuvinat.ed with oil. 

The humoral immune response to ND was evaluated 
by measuring of geometric-mean-titer (GMT) of hemag
glutmation inhibition (HI) antibodies' . FOT immunity to 
pc, GMT of anti P. muLrocida antibodies were measured 
by the mA2. 

Bioassays were conducted by challenging vaccinated 
birds either with velogenic viscerotropic NDV (lOS 
ELD50) a previously recommended ' or with 10 LD50 of 
virulent P. multocida serotype used in preparing the FC 
vaccine2

, 

All the expe.rimental birds were observed fur the 
development of either signs of the disease and/or mortal
ities during the period of 14 days after challenge. 

For statistical analysis, the analysis of variance was 
conducted " . 
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RESULTS 

Non significant differences (P > 0.05) in GMT of P. 
mU/locida antibodies Vlere noted between the groups of 
chickens vaccinated solely with FC vaccine and the group 
that received the combined (ND + FC) vaccine 
(Table 1). Challenge test results also revealed that the 
protection afforded by Fe vaccine was not significantly 
(P > 0.05) different from that afforded by the combined 
vaccine. The protection against virulent P. multocida 
challenge reached 92 % with a mean survival time of 7 
days and lesion score of 1 in chickens that succumbed to 
cballenge inrection. Meanwhile, protection was 90 % , 
with a mean survival time of 6.8 days, and a lesion score 
of 1.2, in chickens vaccinated with the combined vaccine, 
but died due to inrection (Table 2). 

As iUusbated in Table 3, protective ND antibody titers 
could be developed due to vaccination with either the 
inactivated ND vaccine alone or the combined vaccine. 
Non significant differences (P > 0.05) were noted be
~n III titers of both groups, On challenging the im
munity of vaccinated candidates of both groups with 
VVND virus 3 weeks after primary vaccination, signifi
cant differences between the tv.o groups were noted. The 
protection was 100% among the ND vaccinated group 
while it was 90% among the group vaccinated with the 
combined vaccine. Two weeks after boostering, 100% 
protection was observed in both groups. 

DISCUSSlON 

In a previous study we have shown by experimental 
and field trials that simultaneous vaccination against ND 
and Fe could be adopted successfully in chickens6• No 
mutual enhancement or competition was observed between 
the two simultaneously inoculated vaccines. Results of 
the present investigation demonstrated that the combined 
vaccine elicited the production of protective antibody 
titers against both diseases. ChaUenge test results also 
indicated that full protection against challenge infection 
could be achieved after vaccination with 2 doses of the 
combined vaccine. 

These results coincide with the previous findings 
reported by others8,9, ' 2 who successfully immunized chick
ens by combined bacterial and viral vaccines. The com
bined inactivated vaccines have the advantage of provid
ing protection against more than one disease at the same 
time, thus, reducing vaccination expenses and number of 
vaccinations per farm as well as saving time and labor 
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besides reducing the stress reactions. Due to these practi 
cal and financial benefits, the use of combined vaccines 
has proved to be very popular, especially when vaccina
tion of broilers and primary vaccination of breeding stock 
are concerned. 

AJthough the data of this study are encouraging , 
extensive field trials have to be conducted by using this 
new combined vaccine before a final conclusion could be 
reached. The duration of immunity and the keeping quali
ty of this vaccine is now under investigation. 
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Thble 1. Average GMT of P. mul/ocilla antibodies at different intervals after vaccination with FC or the combined 
(FC + NO) vaccine . 

Type 

of vaccine 


Fe vaccine 


combined 

FC + NO vaccine 


Control 


2nd week 

]84 

171 

0 

Average GMT 

4th week 

368 

394 

0 

2nd week 

after boostering 


2560 


2744 


0 
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Table 2. Challenge test results of chickens vaccinated with FC or combined FC + ND vaccines after inoculation with 
virulent P. multodda organism. 

Type of 
vaccine 

A 

aljve/dead % alive 

B 

MST 

C 
Lesion 
score 

FC vaccine 18/20 90 7. 0 1.0 

Combined 
FC+ ND vaccine 

18/20 90 6.8 1.0 

Control 0 0 0 0 

A = No. alive 14 day post challenge/No. challenged 
B = Mean survival time 
C = Score of 0 to 4 for all dead chickens 

Table 3. Anti ND serological responses of chickens vaccinated with inactivated ND or combined (FC + NO) vaccmes. 

Type of 
vaccme 

Average Log2 HI titers 

1st week 2nd week 3rd week 3 weeks 
after boostering 

lnactivated 
NO vaccine 

3.2 4.5 6.4 7 

combined 
FC + NO vaccine 

3.0 4. 2 5.6 6.5 

Control 0 0 0 0 
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INCREASING THE YIELD OF 

EIMERIA TENELLA OOCYSTS IN CELL CULTUREA 


E. Wilson, 1. Zhang, S. Yang and M.e. Healey 


Department of Animal, Dairy, and Veterinary Sciences, College of Agriculture 

Utah State University, Logan, Utah 84322-5600 


The purpose of this project was to interrupt the lire 
cycle of Eimeria cenella, the parasite that causes cecal 
coccidiosis in chickens, by blocking the fertilization pro
cess with a panel of previously produced monoclonal 
antibodies (MAbs) directed against the gamont (microga
metocyte and macrogametocyte) antigens. The screening 
of MAbs necessitated the establishment of parasite devel
opment and reproduction in a reliable and quantitative cell 
culture system. Several different parameters were investi
gated to maximize and stabilize oocyst production in 
vitro. The first step was to produce oocysts that were 
genetically adapted to in vitro culture conditions. A 
strain of E. tel/ella originally isolated from white leghorn 
chickens was grown in cell culture. The resultant oocysts 
were harvested and subsequently passaged through chick
ens. Oocysts were then collected from chicken manure 
and passaged back into cell culture. This process of 
alternating from cell culture to chickens and back to cell 

culture bas been repeated several times. CeU culture 
consisted of infecting monolayers of primary chicken 
kidney cells grown in 24-welI tissue culture plates in 89 % 
RPMI medium, 10% fetal bovine serum, and 1 % penicil 
lin/streptomycin (PH 7.2) at 40.5 C in an atmosphere of 
5 % CO2, We have now developed a strain of E. leflella 
that is consistently producing over 200 % more oocysts in 
cell culture than the original strain. Refullng this cell 
culture system win aU{MI Us to screen our panel of MAbs 
and determine which MAbs or combinations of MAbs are 
capable of inhibiting E. te"ella fertilization. Ultimately, 
we hope to identify and isolate target antigens on parasitic 
gamoots which can be incorpomted into an efficacious 
subunit vaccine. Such an in vitro system could also be 
used to screen oilier potential anlicoccidial agents. 

"The full length article will be submitted for publication in Avian 

Diseases. 

PROTECTIVE EFFICACY OF AN ADJUVANTED 

NEWCASTLE DISEASE VIRUS VACCINE 


V. Sivanandan, D.A. Halvorson, lA. Newman, and F.S. Bormann 

Department of Veterinary PathoBiology, College of Veterinary Medicine, 

University of Minnesota, St. Paul, Minnesota 55J08 


Commercial day-old turkey poults with maternal anti ly or together in combination . The protective efficacy of 
bodies to Newcastle disease virus (NDV) were vaccinated each of these vac~ine preparations was evaluated by chal
with dilferent preparations of adjuvanted killed NOV. lenge with a velogenic neurotrophic stmin of NDV when 

lmmuno timulating complexes (ISCOMs) with whole the turkeys were 11 weeks of age. 
viru detergenl treated virus, and subunit virus prepara Results from this study suggest the potential use of a 
tion were given subcutaneous (sic) to day-old turkey subunit virus ISCOM vaccine given si c together in com
poults. The subunit ISCOM preparations were also com bination with an adjuvant and immunomodulator in turkey 
bined with an adjuV'dDt and an immunomodulator separate pOUlts at 1 day of age. 
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AN EVALUATION OF THE EFFECT OF LIVE mn VACCINATION 

ON SUCCESSIVE FLOCKS THROUGH THE SAME HOUSE 


Bruce Stewart-Brown 


Solvay Animal Health, Inc. 

1201 Northland Drive, Mendota Heights, MN 55120 


Vaccine programs in commercial poultry are com
pared based on side-by-side comparisons. Several Hocks 
are often used for each treatment. The Rocks are then 
grouped by treatment and compared. A program is se
lected based on the performance results. 

Vaccines are made and tested for their ability to pro
teet poultry from viral or bacterial challenge. These same 
vaccines are then tested and evaluated in commercial 
poultry for their ability to affect performance. We as
sume there i a positive relationship betweeo protection 
and flock pertormance. 

In concentrated food animal production environment, 
evaluation of a vaccine program in a "one time pass," 
using multiple flocks, is potentially short cited. Vaccines 
Dot only "protectff or "don't protect" the birds in a flock, 
they also influence the "resident" challenge virus. 

Vaccines can influence the resident challenge virus 
positively or negatively. An example of a negative effect 
is a vaccine which becomes stronger than the existing 
field challenge through bird passage. An example of a 
positiw effect is a vaccine that protects 100% of the birds 
in the flock from resident virus replication and it there
fOre eventually ceases to exist. Positive and negative 
effects occur in commercial poultry during every grow
out. 

The evaluation of a virus and a vaccine's effect on the 
evolution of that virus is more of an issue fOT viruses that 
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survive in the environment for long periods of time. In 
commercial poultry, in:fuctious bursal disease (lBD) virus 
is widely recogni:red as the most economicaUy significant 
virus within this criteria. 

A vaccine for IBD was evaluated over a series of 
flocks through the same house. The evaluation docu
mented pathology to the bursa of Fabricius and overall 
performance of each flock. 

Bursae were taken at 7, 14, 21, 28, and 40 days of 
age and evaluated for lymphoid depletion. Performance 
was quantitated by using a commercial company's own 
calculations which yield the total cost per pound of bird. 

Performance improved over the course of the year in 
a somewhat irregular but consistent fashion. The sixth 
flock was approximately 1(: per 454 gm (1 pound) lower 
cost than the first flock. 

Lympboid depletion of the bUISa was similar at 7, 14, 
and 28 days of age in the 6 flocks evaluated. The bursae 
evaluated at 21 and 40 days of age showed a trend to 
wards less severe damage in the final flocks when com
pared to the initial flocks. 

mn vaccine should be evaluated not only for its abili 
ty to protect a bird from challenge, but also, and perhaps 
more importantly, for its effect on the evolution of the 
"resident" IDD chaUenge virus. Study of the evolution of 
the resident virus is difficult and requires continued study 
both in the laboratory and in the chicken house. 



PROTECTIVE DOSE LEVELS OF 

NOVEL BDA-BLEN INFECTIOUS BURSAL DISEASE VACCINE 


IN SPF AND BROILER BIRDS 
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INTRODUCTION 

The infectious bursal disease (IBD) vaccine used in 
these studies was prepared by mixing IBD-BLEW and 
chicken bursal disease antiserum (BDA) together in the 
appropriate ratio to form the final lyophilized complex 
IBD vaccine product to be administered at day of age by 
subcutaneous injection. SPF birds were housed in isola
tion units and broiler birds were maintained in i olated 
self contained floor pens. 

RESULTS 

Hy-Vac SPF chicks and Cobb X Cobb broiler birds 
were vaccinated at day of age, using either IBD-BLEW' 
(100 ElDso) without BOA or three doses of the complex 
vaccine: a) 100 ElDso IBD-BLEN"" + 24 units BOA, b) 
20 EIDso IBD-BLEN'" + 4.8 units BOA, and c) 4 ElDso 
IBD-BLEN"" + 1 unit BOA. Parameters measured were 
visual observation of bursal inktion, bursal to body 
weight ratios, ELISA values for IBDV serum antibody 
titer, and evaluation of IBD immunity against USDA IBD 
challenge strain given by eyedrop. 

All SPF birds receiving either the IBD-BLEW' (100 
EIDso) vaccine or the three doses of complex vaccine (a
c, above) , developed protective IBDV antibody titers 
when measured at Days 22 and 32 of age and were pro
tected against a USDA IBO chaUenge strain given at 

Day 29 of age. At Day 8 of age, all bursas in the groups 
receiving the three doses of the complex vaccine were 
free from visual signs of infection whereas all bursas 
showed visual signs of chronic bursal infection in the 
birds receiving the 100 EIDso of IBD-BLEN"" without 
BOA. BDA delayed bursal infection due to the vaccine 
virus when compared to the IBD-BLEN"" without BDA at 
Day 8 of age. 

In the Cobb X Cobb broiler birds the only vaccine 
preparation that did Dot infect bursas by Day 35 of age, 
stimulate protective IBDV antibody titers at Day 35 of 
age, or protect against USDA IBD chaJlenge strain at Day 
32 of age, was the dose listed in "c" above (4 EIDso IBD
BLEN'" + 1 unit BOA). 

CONCLUSIONS 

In .summary, the BOA-IBD-BLEN complex mD vac
cine maintains protective efficacy in broiler birds against 
USDA IBD challenge strain at the tv.u doses of 100 EIDso 
mD-BLEN"" + 24 units BDA (release dose) and 20 
EIDso IBD-BLEW + 4.8 units BOA (minimum protec
tive dose). The high levels of maternally derived anti
IBDV antibodies in broilers prevents the 4 EIDso IBD
BLEN'" + 1 unit BOA dose from protecting against IBD 
challenge (unlike in the SPF type birds). BOA delays the 
vaccine virus from inkting bursas in SPF birds until 
after Day 8 of age. 
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Infectious coryza is a highly contagious, upper respi
ratory djsease of chickens caused by Hemophilus para
gallinarum (Hpg). In southern California, the disease 
typically causes severe temporary depression in egg pro
duction and i estimated to co t the industry $2 million 
annually. Control of the disease is difficult because 
current diagnostic tests are not suitable as management 
tools to assess or monitor the vaccinal or disease status of 
incoming or resident flocks. 

It is for this reason that we recently reported prelimi
nary results of a newly developed ELISA for detection of 
antibodies to Hpg in leghorn layer chickens' . The assay 
utilized a cell surface heat extract of a local strain of Hpg 
(EW191) as the antigen source. It was able to detect 
increasing levels of antibody in SPF chickens inoculated 
with the EW/91 or Modesto strains of Hpg. It wa also 
able to detect increasing levels of antibody in chickens 
exposed to the EW 191 stmin in drinking water when 
housed under uncontroUed commercial conditions2 

• How
ever, it bad difficulty differentiating between control, 
infected, and vaccinated groups of chickens when housed 
under controlled conditioD& Furthermore, the assay 
lackoo acceptable day-to-day precision and positi~ to 
negative ratio to warrant further evaluation of its poten
tial as a diagnostically useful test. 

Over the past 2 months, we modified the assay by 
changing the antigen to formalinized whole-cells of Hpg. 
This modification howed promise in that it gave accept
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able day-to-day precIsIon (C. V. < 10%) and POSltl~ to 
negative ratio (pIN;:::: 12) and it clearly differentiated 
between control and vaccinated groups of chickens. 
However, this differentiation may have been non- pecific 
because the antigen was derived from the vaccine utilized 
to vaccinate the chickens. Furthermore, the modified 
assay did not detect antibodies in chickens experimentally 
infected with the EW/91 and Modesto strains of Hpg. 
Nevertheless, since fonnalinized cells of Hpg show prom
ise and since there is a considerable need for a sensitive 
pecific serologic test, we plan to further try various 

antigens in an attempt to optimize and validate an ELISA 
for Infectious coryza. 
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Marek's disease (MD) has been studied intensively for 
30 years, ever since the disease was first reproduced with 
regularity in genetically susceptible chickens7• The focus 
of studies has naturally changed over this period. The 
first task was to identify and characterize the etiologic 
agent, a higbly cell-associated herpesvirus. This was 
soon followed by the development of higbly effective 
vaccines by attenuation of oncogenic strains of MD virus 
(MDV) and by the isolation of low-virulence, or related 
but nononcogenic. avian herpesviruses. It was only after 
the largely successful control of this devastating disease 
that attention was directed to really understanding its 
epizootiology, pathogenesi and immunology, and the role 
of the herpesvirus as an oncogenic agent. In more recent 
years, the fililure of vaccines to consistently control the 
disease to the extent desired has driven research toward 
defining the molecular basis to oncogenicity and immuni
ty. Over these many years, MD research has served both 
as a model of oncogenic herpesvirology, and as a means 
to devise methods to control a disease of great economic 
significance. 

This paper will examine the present directions of 
research on MD and speculate on what the future objec
lives might be. It will draw heavily from papers pre
sented at the Fourth International Symposium on Marek's 
Disease held in Amsterdam, The Netherlands, in Septem
ber, 1992, as part of the World's Poultry Congress. 
Papers on MD constituted nearly 15 % of the Proceedings, 
attesting to the continued importance of research 00 the 
disease. 

PATHOGENESIS 

Studies in the field of pathogenesis are disappointingly 
scanty at the present time; although, a few areas of re 
search have some exciting possibilitie& Recent work has 
dealt with: 1) identification of the target ceUs for infec
lion, latency or transformation with MDV, or turkey 
herpesvirus (HVT) 2) interaction between MDV and 
other infections, e.g. , avian leukosis virus (ALV), chick
eo infuctious anemia virus (CIAV) , reticuloendotheliosis 
virus (REV), 3) the role of cytokines in Latency, and 4) 
chromosomal aberrations in tumor cell lines. 

Target cells. Although the B cell was considered to 
be the primary target for early MDV infuction47 , a role 
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for splenic ellipsoid-associated reticulum cells (EARC) 
was postulated based on studies with monoclonal anti
bodies211

; however, more discriminating studies21 confirm
ed that lymphocytes, not EARC are, indeed, the major 
ceUs infuct~ in the spleen. 

It was discovered, through the use of a local-lesion 
modelS, that a variety (at least 7) of T cell subsets can 
become infected and tr.msform44. This pointed to the 
likelihood that the consistent finding of only CD4 + cells 
in MD tumor cell lines is due to specific timing of events 
during pathogenesis rather than a unique susceptibility of 
that particular target cell. 

Kudo et al. 24 attempted to determine the importance of 
CD4 + and CD8 + cells in vaccinal immunity and lym
phoma development by depletion methods. They conclud 
ed that CD4 + ceIJs were required for lymphomas, and 
that vaccination with HVT decreased the number of these 
ceUs. Because there were very few chickens per experi 
mental group, the conclusions must be interpreted with 
caution. 

Holland et at. 17 used ill situ hybridization and immu
nofluorescence to show that both CD4 + and CD8 + T 
cells become latently infected with HVT. 

Interaction between MDV and other viruses. Stud
ies on the capability of serotype-2 MDV to enhance lym
phoma induction by ALV3, apparently through enhanced 
transcription of retroviral genes40 

, were extended when it 
was shown that a similar phenomenon occurs with B-ceU 
tumors induced by another retrovirus, REV2. 

Studies continue on the ability of immunosuppressive 
viruses like ClAY to enhance MDV infection levels and 
tumor i:ocidence' 2• 

Cytokines. Volpini et at. 53 have extended our 
knowledge about the ability of cytokioe generated during 
immune responses to modulate the expression of MDV 
genome in latently infected splenocytes or tumor cell 
lines. It was fuund that more than one kind of cytokine 
from conditioned media (CM) can be involved in modu
lating latency in splenocytes one of which ha$ many of 
the characteristics of interferon . A1so, splenocytes col
lected during the early latent period responded differently 
to 2 types of CM when compared to those harvested in 
later stages of latency. 

Chromosomal aberrations. MSB-l, the first MD 
cell line described ' , was reported to have an increased 



length short arm of one homolog of chromosome I . 
Bloom4 showed that it was due to a duplication (lp +) of 
a segment of that arm. Now, Moore and colleagues at 
Cornell University have extended the findings very sigttif
icantly by showing that it is a consistent change; 14 of 15 
MD cell lines demonstrated the change. ALV- or REV
transformed lines, and nontransfonned cells did not show 
the duplication. [t was learned that the duplication is due 
to amplified genomic DNA sequences. This exciting 
finding raises the possibility that the aberration may be 
essential to transformation of lymphocytes by MDV. 

IMMUNOLOGY 

From recent reviews43•
4
\46 it can be concluded that the 

immunological ba is for immunity after natural infuction 
with MDV or after vaccination is still poorly understood. 
Although humoral immunity has a role, cell-mediated 
immunity (CMl) responses are involved to a large extent, 
and those have been very difficult to tudy with the celJ
associated MDV. Nonetheless, some progres is being 
made. 

Passively acquired maternal antibodies are partially 
protective, and at least some of these have virus-oeutr.d 
iring activity, including those against the herpes imp lex 
virus (HSV) gB homolog of MDV II.33. In addition to 
those previously described, Lee and Witters recently 
detected a non virus-neutralizing antibody that protects 
against effects of early virus replication, but not against 
lymphoma development. Inserting MDV genes into 
baculoviruses to produce antigens, as with the gC34 and 
the gBJS homologs of HSV or pp3810 offers a new ap
proach for eliciting very specific antibodies to study their 
neutralizing activity and protective capacity. 

It is still too early to speculate on which antigens are 
most important in eMl against MDV. However, a new 
approach to identifying antigens and determining the 
significance of cytotoxic T lymphocytes (crL) by insert
ing MDV genes into REV-transformed lymphocytes was 
recently described by Pratt et aI. 38 (see section on Mo
lecular Biology). This technology should make CMI 
research much more productive. 

Malkinson et aI Y have taken the novel approach of 
comparing the HSV gB homologs in MDV and HVT 
based on confurmational characteristics of the antigen as 
found in the m mbrane of infucted cells. Their high 
degree of relatedness by this criterion provides an expla
nation for the cross reactivity between serotype 1 MDV 
and HVT. Some sharing of intertypic antigens was found 
with serotype 2 MDV, but there were unique conforma
tional epitopes as weJl, perhaps explaining the synergistic 
effect seen with bivalent vaccines. 
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CONTROL 


Genetic resistance continues to demand some atten
tion, but probably not as much as it should, given the 
markedJy superior response to MD vaccines of genetically 
resistant strains of chickens7. Gavora lS noted that marker
assi ted selection (e.g., selection ba ed on MHC haplo 
type) may be complemented in the future by use of gene 
transfer techniques. Examples of the latter couJd include 
the introduction of gene. like the HSV gD homolog to 
render cells resi tant to i.okction (as has been shown with 
HSV), or the use transgenes coding for antisense mRNA. 

Witte~6 reviewed progress in the prevention and 
control of MD during the past 4 years. He noted that 
whereas condemnations in some areas are unchanged or 
have been reduced, some countries have experienced 
increasing MD losses which repre ent a significant con
cern at the pre eDt time, perhap due to one or more of 
the following: increased virulence of MDV isolates, 
decreased genetic resistance, immunosuppression by other 
agents, and poor vaccine handling and administmtion . 
Witter (personal communication) screened 8 isolates from 
vaccinated flocks with excessive losses and found a high 
preponderance of very virulent MDVs, but only one 
isolate of higb enough virulence to possibly be considered 
a new pathotype; thus, be believed that there may be a 
gradual increase in overall viruJence, but apparently DO 

major shift. 
Comparisons of various commercially available vac

cines continue, especially combinations reSUlting in bi - or 
polyvalent vaccines, in attempts to improve the degree of 
protective synergism26.42,S4.S~.S7 , and fieJd studies on the 
practical application of in ovo vaccination are being con
ducted2

'1. The exciting introduction of experimental re
combinant viruses is discussed below (see Molecular 
Biology); these will no doubt command considerable 
attention in the next few years as potential next-generation 
vaccines. 

Enhancement of vaccinal immunity through the use of 
an adjuvant, Acemannan, an acetylated mannose polymer, 
is being tested as one more weapon to improve the pro
tective index of MD vaccioesl6

• It is believed that the 
adjuvant stimulates the host immune response to live or 
inactivated vaccines. 

MOLECULAR BIOLOGY 

Without question, the most active area of MD re
search currently is the careful and detailed examination of 
the virus genome. It can be presumed that by identifying 
and characterizing the nature and significance of the viml 
genes, it will be possible to determine which are involved 

http:synergism26.42,S4.S~.S7
http:MDVII.33


in various aspects of the disease. Immunologically im
portant genes are of great importance since they can be 
targeted fur enhanced expression or for insertion in otber 
vector systems. However, improved control could also 
be possible through careful manipulation of genes respon
sible for key steps in the pathogenesis of the disease or in 
the oncogenic response itself. In any case, our overall 
knowledge of oncogenic herpesviroLogy will be advanced 
by continued study of MDV as perhaps the best model 
available. One aim might be to sequence the entire ge
nome. This massive project is presently being done in a 
focussed, piece-meal fashion by a variety of laboratories, 
but cooperation amongst different teams to accomplish the 
job more efficiently must be onsidered . 

VeLicer and Brunov kis52 reviewed work leading 10 our 
present understanding of the genomic tructure of MDY. 
They noted several key findings: 1) The genomic struc
tures of all 3 related serotypes of MDV are similar to one 
another and to the alpbaherpesviruses (prototype, HSV) 
rather than to the gammaherpesviruses (prototype Epstein
Barr virus). This is of importance in pointing to HSV as 
the virus in which genomi homologs might be tbund; 
indeed, several have already been identified. The devel
opment of restriction-enzyme maps was crucial to this 
finding 8S well as to general gene-location studies. 2) 
Key genes that have been identified and characterized to 
various degrees include: a) those which code for the 
MDV-A (now called gp57-65; a homolog of HSV gC) 
and MDV-B (gploo, gp60, gp49; a homolog of HSV gB) 
antigens, both of which are of immunological importance; 
b) a 1.8kb gene family associated with truncated RNAs in 
attenuated MDV and perbaps involved with maintenance 
of the transtbrmed state in Iymphoblastoid cell lines; c) a 
gene (caUed meq) with homology to the leucine-zipper 
class of nuclear oncogenes· and d) a gene which encodes 
a phosphoprotein (Pp38) which is also expressed in lym
phoid tumor cells. They speculated that possibly more 
than one gene contributes to MDV's oncogenic proper
ties. 

The MDV ystem offers some advantages over others 
in locating genes involved in oncogenicity or in immunity: 
1) oncogenic viruses can be attenuated by cultivation in 
vitro, and the parent and derivative strains can be com
pared tbr genomic differences; 2) strains naturally differ
ent in oncogenic potential can be compared; 3) oncogenic
ity can be determined by ill vivo analysis; 4) MD tumor 
cell lines can be used to search for genes that are being 
transcribed and thus potentially important to transforma
tion; and 5) gene products that timulate either antibodies 
or CMl can be determined, leading 10 identification of the 
respective genes. Some of the current work related to 
these points tollows. 

Oncogenicity-related genes. Fukuchi and col
leaguesl3 provided the detailed restriction-enzyme map 
which has formed tbe basis for much of the work in this 
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area. Viral genes could contribute to an oncogenic re
sponse directly through the expression of a viral onco
gene(s), or indirectly either by affecting cellular genes 
involved in regulation of cellular growth, or by affecting 
the ho't cell range, virus replication, or other features 
important in pathogenesis. Comparing viruses of differ
ent oncogenic potential bas been very helpful in identify
ing areas of the MDV genome that might be involved. 
For instance, an expansion of a 132bp repeat in the 
BamHI D and H regions has been associated with loss of 
oncogenicity'4,28,49; oncogenic strains have 2 to 3 copies of 
thi · repeat whereas attenuated strains have more than 10 
copiesl~. This expansion is thought to disrupt the produc
tion of a 1.8kb transcript which is truncated in the case of 
attenuated viruses5; thus the 1.8kb transcript may be 
tumorigenic. Inhibition of the 1. 8kb gene family by 
antisense oligonucleotide caused proliferation of a tumor 
cell line to ceaseD, further supporting the importance of 
the transcript in maintaining the tumorigenic state. An
other change occurs in a 1.2 kb subfragment of the 
BamHl L region, where there is a deletion of 200 base 
pairs55 

. 

Detennining the regions transcribed in MD tumor cell 
lines which are non virus-producers could give clues 
regarding genes involved in transformation or the main
tenance of the transformed state. This approach has 
revealerl the presence of a gene, called meq, in the m.. 
region, which bas homology to the leucine-zipper class 
(fosljun) of nuclear oncogenes22

• Also, Ohashi and SchatJ7 

found 3 transcripts from the BamHI A region and 1 from 
the Bamill L region. Monoclonal antibodies were used to 
identify a phosphoprotein, pp38, produced by oncogenic 
MD viruses but apparently not by nononcogenic virus 
strain 18.48 . Expression of pp38 is variable and can be 
enhanced by increased expression of a homolog of the 
HSV ICP4, demonstrating the complexity of genomic 
activityl9. Thus there are seve(al candidate genes already 
uncovered; likely there will be more. 

As prospective tumorigenic genes are identi1ied, it will 
be important to clone and test them in defined systems, 
e.g., by transfection into potentially transformable target 
cells; or to determine if their insertion into nononcogenic 
virus strains will conrer oncogenicity; or to find out if 
mutants in which the suspect gene has been deleted or 
"turned off" lose their oncogenic potential. 

Immunity-related genes. Several antigens are either 
common to all 3 serotypes, e. g. , p7g4li, or related among 
the serotypes, e.g., gp 57-65 and gp 100, gp60, gp4~. 
The localization, cloning, and characterization of the 
respective genes now allows v ry specUic testing of gen 
products for immunogenicity. The best example of this is 
the recent use of tbe HSV gB homolog gene from MDV 
in a recombinant fowlpox virus33•JJJ and in }{\TTl' tor use 
as vaccines again t MD. This approacb is suitable for 
testing a variety of genes; in the same rudy in which gB 



was found protective, a fowlpox recombinant expressing 
the gene for pp3 8 tailed to induce antibodies or protect 
chickens against MDV chaUengeD. 

Testing the importance of potential immunity~related 

genes in CM] is much more difficult , but a breakthrough 
was recently reported by Pratt et al. 38. They developed a 
system in which REV-transformed lymphoblastoid cell 
lines susceptible to MHC-restricted lysis by cytotoxic T 
lymphocytes (CTI..), were transfucted with MDV genes 
which in tum rendered the cells susceptible to MDV
specific CfL. This approach now allows a systematic 
examination of candidate antigens significant in antiviral 
CMl51

• 

MDV and HVT as vectors. The use of the chicken 
and turkey herpesviruses as vectors fo r other immunogens 
is of interest. First, it is necessary to determine appropri
ate insertion sites for new genes so as to not disrupt 
essentiaJ functions of replication, or inhibit the immuno
genic properties of the virus against MD. A marker 
gene, such as the LneZ gene of E. coli, has been used for 
!:hi purpose9.1~,30,50. Live recombinant MDV (CVI-988) 
and HVT vaccines expressing the Newcastle disease (ND) 
virus fusion fuctor gene protected against both MD and 
ND3I ,l2, and the gB gene from MDV was successfully 
inserted and expressed in HVT in efforts to enhance the 
protective effect of the vaccine against MD41. 
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INTRODUCTION were free of this pathogen4. While the test was not suit
able fur commercial application, finding reported by 

In 1960, Rubin developed the first in vitro test for Rubin have been fundamental to control Iympboid leuko
avian leukosis virus (ALV)6 and bis findings stimulated is. He reported that congenital transmi sion of ALV was 
research that led to development of flocks of chickens that often erratic, in that only a low percentage of embryos 
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from some hens might be infucte(j1. Also, those studies 
showed that chickens infucted as embryos were immuno
logically tolerant and that infected males did not influence 
the incidence of congenital tran mission. 

The erratic nature of congenital transmission led to the 
notion that hen were intermittent shedders of virus. 
However, it is now recogni:red that ALV infucted bens 
may consistently shed virus into albumen and yet some of 
their embryos escape infuction. Of practical importance 
was the discovery that hens, which congenitally transmit 
infection, could u uaUy be detected by testing for group 
specific (gg) antigen of ALV in egg albumen or other 
specimens8 . This led to development of rapid test proce
dures for detecting ALV-infucted birds. 

A number of poultry breeding companies became 
interested in eradicating ALV foUowing the discovery that 
White Legborns test-positive for gs antigen in egg albu
men were less pI' ductive than those which ",ere test 
negative to• This report updates results of our program to 
eradicate exogenous ALV from Single Comb White Leg

. 	hom breeding stock maintained at Agriculture Canada's 
Centre for Food and AnimaJ Research (CFAR) in Ottawa. 

MATERIALS AND METHODS 

Tests for viraJ antigen and antibody. Enzyme
linked imrnunosorbant assay (ELISA) procedures for 
detecting gs antigen and methods foUCM'ed in preparation 
of egg albumen and feather pulp for testing, have been 
reported8 

• Levels of gs antigen resulting from infection 
with exogenous ALV are usually higher than tho e asso
ciated with eJtpression of endogenous viral (ev) genes!!. 
ELISA kits purchased from IDEXX Tnc., Portland, 
Maine, were used to detect antibody to ALV. An EUSA 
reader was used to record optical density (OD) readings 
and cut off points for interpretation of reactions are given 
below. Serum collected for antibody studies was always 
from chickens older than 14 v.eeks of age. 

Chickens and management. All trains of chickens 
were developed and maintj.ined at CFAR. Control strains 
were randombred whereas the selected strains were select
ed for high egg production and other traits2

• For each 
generation there were 300 to 400 hens in each of 3 con
trol strains and approximately 1100 in each of 6 selected 
straing. Strains are listed in Table 1 and ate grouped 
according to their relationship. Strains 1, 3, and 5 were 
from the same genetic base; Strains 2, 4, and 6 were 
from a second base and Strains 8, 9, and 7 were from a 
third base. 

Chicks were started in the upper deck of a 3 tier 
brooding and rearing (B&R) cage unit and there were 
approximately 75 per cage. To reduce the number of 
chicks in direct ontact early in the brooding period, in 
1987 the upper deck cages were divided with a solid 
metal partition. At 6 weeks the chicks in the upper deck 

of each unit were randomized among the 3 tiers of the 
unit. 

The year of batch is given to identify the generation of 
chickens and the 1983 hatch was the ticst generation 
tested for infection with ALV. B&R cages were ran
domired to a specific strain . Except for the 1987 and 
1989 generations, dam families were randomized 
throughout B&R cages SO that one family could be in 6 or 
more different cages. To limit spread of infection from 
an infucted fiunjly, the 1987 and 1989 generation dam 
families of selected strains were divided between tv.o 
(halt) B&R cages. Control strains continued to be ran
domized throughout pens because there were usually only 
1 to 3 chicks per family. 

Test program for infection with ALV. The basic 
program was to test albumen of one egg per hen of each 
generation by ELISA for gs antigen. However, the 1985 
generation was retained for a second year and was tested 
before (8 .5 months) and after (2).5 months) molting. In 
all generations, breeders were seJected from hens whose 
eggs had OD readings <0.4. 

In an attempt to detect early infuction, the 1987 hatch 
was tested for gs antigen in feather pulp. All chicks \\'ere 
tested at 0 to U days and those with OD readings greater 
than 1. 8 were killed. Chicks were again tested at 22 to 
31 days and the same cut off point was used to eliminate 
chicks. 

Tests for antibody were also conducted on serum 
coUected from a random sample of each strain of the 
1987 hatch. Information from those studies was also 
applied in an effort to eliminate hens most likely to have 
been eJtposed to the virus. For that generation, none of 
the hens that had been reared in a given B&R cage were 
used as breeders: (a) if at 14 weeks of age, 30% or more 
had EUSA antibody OD readings greater than 0.25 or (b) 
if as adult hens, 10% or more had gs antigen OD read
ings in albumen greater than 1.0, and (c) in the case of 
Strains 3 and 5, onJy if 20% or more of the hens had 
serum antibody readings greater than 0.25. Testing of the 
1992 generation for g antigen in egg albumen is in prog
ress. However, 89 to 183 chickens from each of Strains 
3, 5, 7, and 8 have been tested for antibody and were 
considered positive if OD readings were above 0.25. 

RESULTS AND DISCUSSION 

Table 1 shows that when testing for gs antigen in 
albumen commenced in 1983, the percentage of test
positiw hens ranged from 22-24 in 3 control strains, and 
from 2 to 13 in selected strains. As previously reported, 
the difference in incidence between control and selected 
strains was attributed to the fuct that infected chickens 
tended to be less productive and were usually eliminated 
as breeders in the selected strains!o. 
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Eliminating hens of the 1983 generation as breeders 
that had gs antigen levels greater than 0.4 , did not alter 
the incidence of infection in the 1984 generation. How
ever, by applying the same test procedures in 1984, there 
was a substantial drop in the incidence of infection in the 
1985 generation. 

The additional tests and modified management prac
tices applied in 1987 may have contributed to our 
achieving a low incidence of infuction in aU strains of that 
generation. Of particular interest was the drop from 15 % 
to 0 % in Strain 5. Feather pulp was tested for gs antigen 
because in previous studies it had proven useful for iden
tifying infected chicks early in life l l 

. However, in this 
study, interpretation of tests on !bather pulp proved diffi
cult because levels of endogenous gs antigen were higher 
than anticipated. The endogenous antigen was probably 
associated with the ev3 gene, which was subsequently 
found to be prevalent in the populatiorr. In tests on 
feather pulp, 12 % of 12,273 chick had readings greater 
than 1.8 and these were eliminated. 

As horizontal spread of infection would be expected to 
be greatest while chickens were in the B&R cages, breed
ers from the 1987 generation were from B&R cages 
where there had been the lowest incidence of infect ion. 
Despite these additional precautions, the incidence of 
infection in Strain 7, based on tests for gs antigen in egg 
albumen unexpectedly j umped from 2 % in 1987 to 17 % 
in the 1989 generation. Results for Strain 7 were again 
high in the 1990 generation. Also in 1990 there was a 
slight increase in the percent positi-.es in Strain 8 
(Table 1). Although test results from the 1992 generation 
for viral antigen in albumen are not yet available, anti
body was detected in approximately 30 % of the chickens 
in both Strains 7 and 8. In contrast onJy 2 % of Strains 3 
and 5 were test-po jtive. 

As previously reported, chickens who e eggs have 
non-detectable level of gs antigen, can congenitally 
transmit infection9

• While eliminating hens as breeders 
that shed high levels of the antigen would eliminate many 
of the infected hens, the e results show that testing one 
egg per hen per generation was not adequate to eradicate 
ALV from the White Leghorn population under tudy. It 
is noteworthy that a similar program, carried ut in paral
lel on a meat-type population at CFAR, was ucce sful in 
eliminating exogenous ALV9

• Results of that study sug
gested that horizontal spread of infection was much slow
er among meat-type bird ' than among Willie Leghorns. 
While the mechani m of re istance in the me.at-type chick
ens i not understood , studie have shown that replication 
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of leukosis-sarcoma viruses is less extensive in meat-type 
than in White Leghorn embryos and chickens l ,3. 
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Table 1. Percentage of hens by generation that were test-positive tor group pecific antigen of avian leukosis virus in egg 
albumen l

• 

% Positive 

1983 1984 1985 1987 1989 1990 

1 S 7 9 2 4 1 0 
3 S 7 9 3 1 1 0 
5C 22 24 15 0 1 0 
2 S 2 1 1 1 1 0 
4S 2 1 1 0 1 0 
6 s-c 2 1 1 1 1 0 
8 S 13 9 2 1 1 4 
9S 13 9 3 2 1 0 
7 C 23 18 5 2 17 17 
lOC 24 25 8 3 3 1 

lEiliA, optical density of 1.0 or more. 

2S = selected strain, C = unselected control strain, S-C == selected before 1982 
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Chicken infectious anemia (CIA) was firnt described in and serological determination of chicken infectious anemia 
Japan by Yuasa et al. in 197911

• It is characterized by virus (ClAY) in Argentina. 
severe anemia and lympboid depletion followed by thy
mus atrophy, bone marrow aplasia, low hematocrit val  MATERIALS AND METHODS 
ues, and reduced body weight. Due to the lymphoid 
depletion that is the cause of tbe immunosuppression Chickens. Chickens were obtained from the speciDc
which can complicate the disease, field cases of CIA are pathogen-free Hock of the Department of Avian and 
frequently characterized by secondary bacterial infections Aquatic Animal Medicine (DAAAM), New York State 
(e.g., blue wing disease)S, Marek's disease vaccination College of Veterinary Medicine, Cornell University. 
breaksI , enhanced problems with bursal diseaselO , and Experimental chickens were housed in filtered-air, lami
poor flock perfurmance. nar flow isolators fur the entire experimental period. 

During the la t 2 years, increasing numbers of broiler Virus strairu. Cux-I slrain of ClAY I was obtained 
flocks in Argentina were reported to have problems sug with permission from the USDA by the DAAAM from 
gestive of CIA and the complications described. Materi  Mr. R. Wellenstein (SPAFAS, Inc. , Norwich, Connecti 
als were obtained from some of these flocks for further cut), after an unknown number of passages in MSB-l 
study. This paper presents the isolation, identification cells. Cux-l CIAV was used to infect MSB- l cells for 
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the indirect fluorescent antibody (IFA) test as described 
by McNulty et al. The same strain has recently been 
obtained with permission of the Argentinean Ministerio de 
Economfa y Obras y Servicios Ptibicos, Secretarfa de 
Agricultura, Ganaderla y Pesca (SENASA) from 
DAAAM. Two virus isolates were obtained at Univer
sidad Nacional de La Plate (UNLP) from 2- to 3-week
old broiler flocks with clinical signs and/or lesions sug
gestive of CIA anemia, poor Bock performance, and 
gangrenous dermatitis (blue wing). 

Livers obtained from these flocks were homogenized, 
di rupted by 2 freeze/thaw cycles and clarified by low
speed centrifugation. The supernatant fluid was extracted 
with chloroform and part of jt was fiJtered through 50 nm 
fiJters. One-day-old SPF chicks were inoculated intra
muscularly with 0.2 ml of the supernatant fluids into the 
leg and breast muscle. Uniooculated controls were kept 
separately or in the same isolator as the infected chicks 
(contact controls). Blood samples w re collected at 12 
and 14 days post infection (DPI) to determine hematocrit 
values and to collect serum. Chicks were examined for 
CIA lesions and livers were collected to prepare inocula 
for future virus passage ill vivo and for inoculation of 
MSB-l cell. Small portions of liver, spleen, and thymus 
were prepared for cryostat sections for the detection of 
viral antigens by immunofluorescence. Livers, spleens, 
thymuses, bursas of Fabricius, femurs, and kidneys were 
collected fur hjstopathologic examination. 

MSB-l cells. MSB-I cells were obtained by 
DAAAM at passage 96 from Dr. R.L. Witter (USDA 
Regional Poultry Research Laboratory, East Lansing, MI) 
and by UNLP at passage 148 from DAAAM. CeUs were 
cultured in LM medium2 with 10% fetal bovine serum at 
41 C in 5% CO2, 

Monoclonal antibodies. Supernatant fluid from 
bybridoma 51.3 were used to detect the presence of 
CIAV-specific antigens. This hybridoma produces mon
oclonal antibodies (MAb) against the Cux- J strain of 
CIAV. This MAb cross-reacts with at least 2 other 
strains of CIAV isolated in the USA). 

FITC-conjugated antisera. Fluorescein isothiocy
anate (FITC)-conjugated rabbit anti-mouse IgG (RAM) 
and FITC-conjugated rabbit anti-chicken IgG were ob
tained from Zymed (San Francisco, CA). Both conju· 
gates were used at dilutions that did not cause pecific 
fluorescence with CAY-inJected MSB- I cells in the ab
sence of ClAY-specific antibodies8

• 

Fluorescent antibody assays. Indirect FA assays 
were used for the detection of a) ClAY in frozen sections 
of tissues obtained from experimentally infected and 
control chicks and b antibodie. in field sera and sera 
from experimentally-infected chicks. Cox-l -infucted and 
control MSB-I were used as positive and negative antigen 
preparations for the detection of antibodies as described 
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by Lucio et aF. MAb 51.3 and RAM FITC were used to 
examine antigens for ClAY in frozen sections. 

Histopathology. Tissues collected from field cases, 
inoculated, and control chickens were fixed in 10% buf
fered formalin, paraffin-embedded sectioned and stained 
with hematoxylin and eosin and examined by Light mi
croscopy. 

Serology. Antibodies to ClAY were tested against 
Cux-l -io.kted and non-i.nJected MSB- l cells by IFA 
assays as described7

• 

RESULTS 

Vir~ isolation. InoculatioD of l-day-old chicks with 
chloroform-extracted materials from the 2 flocks resulted 
in the development of lesions associated with ClAV infec
tion. Mild changes were observed with tbe inoculation of 
the 50 om filtered material. Hematocrit values were often 
below 20 % and occasionally as low as 7 % to 12 % . 
Macroscopic lesions consisted of marked thymus atrophy, 
yellow bone marrow, and anemia (pale muscle and 
visceral organs). The thymus and spleen tissues were 
characterized by an extensive depletion of lymphocytes. 
The major changes in the bone marrow consisted of 
atrophy and aplasia. Hematopoietic cells were replaced 
by adipose tissue. None of the uninocuJated controls 
developed lesions and aU had hematocrit values ranging 
from 30% to 37 %. 

Detection of ClAV antigens in tissu~. Scattered 
positive cells \.\-'ere detected in frozen sections of tissues 
from infected birds after staining with the CIAV-speciiic 
MAb 51.3. Fluorescence was not observed in sections 
from infected chicks when PBS was used or in sections 
from uninocuJated controls reacting with MAb 51.3 or 
PBS. 

Serology. Sem collected from inoculated chicks from 
each chi k isolation, in periods ranging from 12 to 18 
DPI, were pooled and tested fur antibodies to ClAY. 
Sera were negative for CIAV antibodies when tested at a 
1 :200 dilution by IFA test. Field sera samples belonging 
to the breeder flocks from where the broilers with clinical 
disease were obtained, were fuund positive in the lFA 
test. 

DISCUSSION 

Thjs is the first report of the isolation and identifica
tion of ClAY in Argentina. The 2 isolates were obtained 
from different broiler Bocks. These broiler flo ks had 
problems suggestive of CIA, such as poor flock perfor
mance, poor weight gain, anemia, and mortality. 

The identification of the virus strains as ClAY is 
based on: a) the lesjons induced in inoculated chickens 
were compatible with those reported for CIA, b) these 



lesions were also reproduced in chickens inoculated with 
materials treated with chloroform and passed through 50 
run tilters, and c) the positi..,;: staining with MAb 51.3 of 
cells in the thymu and livers of experimentally inoculated 
birds demonstrated the presence of ClAV infuction. The 
staining of these tissues was not caused by a reaction with 
the FlTC conjugate alones. 

The presence of antibodies in the breeder Hocks that 
originated the broilers with anemia and in the Bocks that 
presented Marek's Disease "vaccination fiUlures ft (C. 
Buscaglia, unpublished data), showed serological evidenc
es of the disease. The possibility of aggravated field 
problems by other pathogens is not ruled out For exam
ple, the combination of reovirus and ClAV causes the 

slesions of the "blue wing" disease4• ,6. 

The ab ence of CAV antibodies in sera from inocu
lated chicks was expected. Yuasa et aI. 12 described that 
seroconversion in hicks inoculated at 1 day of age geoer
aUy occurred onJy after 3 or more weeks po t infection. 

The results reported here present evidence of the 
presence of ClAY in Argentina. It will be important to 
determine the impact of its presence on the poultry indus
try and the distribution of CIA in the country. 
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COMPARATIVE SUSCEPTIBILITY OF MSB-l AND 

CU-147 LYMPHOBLASTOID CELL LINES 


TO CmCKEN INFECTIOUS ANEMIA VIRUS 


Benjamin Lucio and Bruce W. Calnek 

Department of Avian and Aquatic Animal Medicine 

College of Veterinary Medicine, Cornell University, Ithaca, NY 14853 


Diagnosis of chicken inrectious anemia (CLA) is not 
easy. Clinical signs, gross and microscopic lesions, and 
observation of an immunosuppression syndrome (i.e. , a 
pattern of bacterial, coccidial, or viral secondary infec
tions) in a chicken Dock are suggestive of CLA2, but not 
enough for a definitive diagnosis5. Several techniques for 
detection of viral DNA (Soine et al., in press), particle..<;4, 
or antigen7 in chicken tissues have been described, and 
are without doubt very helpful in reaching a definitive 
diagnosis. Little or no progress on virus isolation bas 
been made since the original report by Goryo et al. in 
19856

• 

Isolation of the virus is desirable to confirm a diag
no is, and to study the characteristics of the etiological 
agent. Unfurtunately. isolation of C1AV is not easy, 
requiring up to 10 passages in MSB-l cells:!, a lympho
blastoid ceU tine derived from Marek's disease tumors l

• 

In addition, some isolates do not readily replicate in 
MSB- ) ceU. (Lucio unpublished data; Nordgreen and 
Odor, personal communication, 1992), and it is neces ary 
to resort to multiplication of the virus in susceptible chic
kens. 

MDCC-CU147 CU1478 is a Marek's disease Iympho
blastoid cell line derived from Marek's disease local 
tumoJil. Whereas MSB- I cells are of the CD4 + pheno
type, CU 147 ceUs \\!ere found to be CD8 + . 

Comparative susceptibility tests of the two cell lines 
showed that CU 147 cells \\!ere markedly more susceptible 
than MSB-I cells to Cux-] ClAV infection, and that only 
CU 147 ceUs \\!ere susceptible to CIA-I virus. Implica
tions wilJ be discussed. 

7 1 
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TERMINATION OF SALMONELLA ENTERITIDIS SHEDDING 

AND CARRIAGE BY TREATMENT WITH ENROFLOXACIN 


FOLLOWED BY APPLICATION OF INTESTINAL MICROFLORA 


E.Goren 

Poultry Health Institute P.o. Box 43, 
3940 AA DOORN, The Netherlands 

Considering th importance of the subject, we would 
like to take thi opportunity to report on the successful 
termination of Salmonella enteritidis (SE) shedding and 
carriage in chickens achieved in laboratory as weU as in 
field experiments. Extensive publications are being pre
pared. 

In previous research the foUowing bad been estab
Iisbed: 

a) Treatment with different antibacterial drugs does 
not result in termination of salmonella carrier state 
(s. injallfis, S. ryphimurium, SE). After treatment 
with enrofioxacin (Baytril) , which according to our 
research findings is the most effective drug, even 
in a double does during a 3 week period, S. typhi
murium could be reisolated within 48 bours. 

b) Preventive application of normal adult chicken 
intestinal microfiora (intestinal bomogenates of 
SPF birds in whicb selected flora was propagated 
in vivo, prepared and stored under trictJy anaero
bic conditions at the Poultry Health Institute) to 
newly hatched chicks induced a very significant 
colonization resistance against chall age with a 
virulent SE strain. However, used in infected 
birds (even after low infuction doses of 10-100 
colony forming units (CFU) per 1-7-y,eek-old 
bird), the concept could only provoke a significant 
reduction in rei solation score, but never could end 
the cam r state nor the shedding of the agent. 
Administration of this microflora to older birds 
had no effect. On the other band, in the new 
series of experiments, a combined treatment of 
Baytril foUowed twice by flora application re ulted 
in total termination of SE carrier state, under 
laboratory as well as field conditions. The treat
ment comprised of an oral application of enroflo
xacin (10 mg/kg body weight per day continuously 
through drinking water or administered in rno 
doses) during 10 days foliowOO by flora treatment 
at the second and the fifth day after finishing the 
enrofloxacin medications. Under laboratory condi
tions a single Hora application at the second day 
after medications was not effective. 

Under laboratory conditions, chicks housed on Litter 
were orally inoculated on the 4th day of Life witb lOS 

72 

CFU of a virulent and strongly colonizing S.e. strain 
(PT 4). During the 4 weeks preceding the treatment SE 
could be isolated from cloacal samples, caecal droppings, 
litter. caecum, liver, and spleen. Also the bird were 
serologically positive 10 days after intection (tested by 
ELISA monoclonal antibody sandwich method) by 
Dr. F.G. van ZijdeveJd, Central Veterinary Institute, The 
Netherlands). Up to the end of the experiment (8 weeks 
after treatment) SE could be isolated from controls and 
from fecal and litter samples, but not from treated birds 
nor from environmental samples. At the end of the ex
periment, control and experimental birds were intramus
cularly injected with methylcorticosteron and examined 
bacteriologically 4 days later. SE could be isolated from 
the controls but not from the treated birds, including 
those which were challenged orally with 4 x l~ CFU 4 
weeks after treatment. In these experiments, the birds 
were housed in the same experimental room~ on on the 
same liter during the entire trial period. 

In the field, 11 flocks with a total of 101,000 meat 
type parent birds were uccessfully treated with the above 
method. The birds were SE infected which was confirm
ed by cullure and serologically. Three Hocks received the 
total treatment at the reproduction litrm, after they had 
been placed there while infucted. Five flocks were medi
cated during 8 days at the rearing farm and after transfer 
to the reproduction fitrms 2 additional days of medication 
were applied, followed by the double flora treatment. 
Three flocks received the total treatment at the rearing 
farm. 

These 11 Hocks were housed at 11 different farms in 
J9 houses and were examined after treatment as follows: 
1) at 4, 11, 18, 48 and il2 days after treatment 150 
caecal droppings were examined per house, 2) at 18 days 
after treatment, 20 birds per house were examined 4 days 
after corticosterone injection (examination was performed 
on caecal content, liver, spleen, heart blood and ovary). 
So in total l4,250 fecal samples and 380 birds were 
examined bacteriologically, and 3) at 6, 10 and 16 weeks 
after treatment, 24 birds per bouse were examined sero
logically (total 1,368 birds). Four hatcheries incubating 
the eggs from the fimns concerned were infi:rrmed about 
the situation and fluff, egg shells, deads in shell and 
culled chicks were examined bacteriologically. 



All the samples mentioned were completely salmonella 
negative after bacteriological examination and all serd 
became negative for SE 2 and 3 months after treatment. 

After this period, all flocks \Wre tested every 4 weeks 
bacteriologically (150 caecal boppings per house) and 
serologically (24 birds per house); the oldest during the 
next 5 months (in total 8 months) and the youngest during 
2 months (in total 5 months). 

From the It flocks included in this study, 9 remained 
negative during this period while 2tlocks which received 
the total treatment at the rearing farm became positive 
(bacteriologically) as well as erologically 4 months after 
treatment while housed in 2 different production farms. 

It is our opinion that thi concept offers tbe possibility 
to terminate almoneLla flock infections (including SE) 
and to induce a solid colonization resi lance in older 
birds. SE challenges in the mentioned field flocks wi ll 

show how much longer this protective effect will last tban 
the 4 weeks established in the mentioned challenge exper
iments to date. 

We think tbat the above findings can be explained 
witb the favorable properties of enrofloxacin as follows: 
1) very b.igb antimicrobial activity at low dose, 2) good 
resorption from the intestinal tract and effective tissue 
distribution, 3) accumulation in mac roph ages , 4) ipophilic 
properties enhances accumulatioo in a.o. yolk folHcles, 
5) higb concentration of the active and very table product 
in the feces, and 6) no effect 00 (obligate) anaerobes. 
These resull in a very effective treatment of the birds and 
tbe contaminated environment. The medication also 
creates a fresb seed-bed for the applied flora, which 
induces a very solid resi tance against a possible reinrec
hon from the environment or birds exterior (feathers). 

LIPID-CONJUGATED ISCOM VACCINE FOR SALMONELLA 

K. V. Nagaraja, S. D. Cbarles and V. Sivanandan 

Department of Veterinary PathoBiology, 

College of Veterinary Medicine, 


University of Minnesota, 

SI. Paul, Minnesota 55108 


The development of vaccines to prevent human and 
poultry diseases has been a major accomplishment in the 
field of immunology. Some diseases bave been el iminat
ed through the use of vaccines. However, while eusting 
vaccines have certainly diminished the incidence, mor
bidity, and mortality of a large number of infectious 
diseases, salmonellosis is till very difficult to prevent and 
control through vaccines in domestic animals. Many 
investigators have sougbt to prevent salmonellosis through 
vaccination. Safe and efficacious vaccines capable of 
inducing long-lasting immunity are still unavailabk 
Current vaccine consist of inactivated whole-cell prepara
tions. The protection given by these inactivated whole 
cell vaccines is of short duration, and adver e effects of 
Iipopo\)'3llccbaride are aJways seen. Bacterins and attenu
ated live cultures tor use as vaccines in the prevention of 
avian salmoneUosis have never been applied widely in 
field conditions. Currently used oil-emulsion bacterins 
have serious drawbacks, such as production of granulom
atous Lesions at the injection site. 

Various surfiwe components of bacteria have been 
u ed as vaccines. Interest in the development of an effec
tive vaccine has led researchers to explore the possibility 
of using outer-membrane proteins (OMPs) from gram
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negative bacteria in a potential vac iDe. OMPs of sal 
monellae have been shown to afford protection in animal 
models. Reports indicate tbat proteins from saJmonelLae 
have offered protection against experimental infuction. 
Protein antigens have been shown to produce antibodies 
of higher affinity and induce cell mediated immunity that 
can result in long lasting protection against bacterial 
infuction. However these proteins need to be immuno
potentiated to be highly effective. 

Adjuvants, such as aluminum hydrox.ide, aJuminum 
phosphate, and water-in-oil emulsions localize the antigen 
at the site of injection. This localized antigen induces an 
inflammatory response and attracts immunocompetent 
cells. The humoral arm of the immune system i primed 
and actival.ed. Phospholipid vesicles (liposomes) have 
been shown to enhance the antibody response to protein 
antigens. Macropbages can efficiently internalize and 
degrade liposomes and play a major role in the immune 
response towards a liposome a socia ted antigen . 

Increased immunogenicity of subunit vaccines has 
been achieved by incorporating them in immunostimu
lating complexes (ISCOMs). [SCOMs are table molec
ular structures in wbich protein or polypeptide antigens 
are incorporated into a matrix composed of Quil-A, an 

http:actival.ed


adjuvant glycoside. ISCOMs have proven to be an 
effective adjuvant system having many advantages over 
conventional adjuvants. ISCOM vaccines bave determi
nants for both humoral and cellular immunity and hence 
afford better protective immunity. Considerable bumoral , 
delayed-type bypersensitivity. and cytotoxic T-cell im
mune reactions have been shown to be produced against 
antigens when they were incorporated into the [SCOM 
structure. ISCOM vaccines have been used widely in a 
majority of viral infections and have been found to be 
rughly effective in affording protection to animals. 

In this study, outer-membrane proteins (OMPs) from 
Salmonella heidelberg were incorporated in lipid-conju
gated ISCOMs and examined for their use in a vaccine 
for turkeys against homologous and heterologous Salmo
nella challenge. Two types of lipid-conjugated ISCOMs 
were examined: ISCOM-phospholipid and ISCOM-sphin 

golipid preparations. The turkeys were challenged with 
one of three Salmonella serotypes: S. heidelberg, S. 
reading, or S. enteritidis. The turkeys were monitored 
for clinical signs. shedding pattern post-cballenge, and 
clearance of the challenge Salmonella from selected inter
nal organs. The vaccine containing OMP with either of 
the lipid-conjugated ISCOM preparations produced signif
icantly greater (P < 0.01) immune response than OMP 
alone. Cloacal swabs of birds given OMP + ISCOM
phospholipid and challenged with a homologous serotype 
were completely negative for Salmonella. A certain 
degree of cross-protection against heterologous Salmonella 
was observed in birds receiving either OMP-ISCOM 
vaccines. Isolation of Salmonella from internal organs 
was significantly lower (P < 0.0001) in vaccinated tur
keys than in unvaccinated controls. 

DETECTION OF SALMONELLA SPECIES 

USING POLYMERASE CHAIN REACTION 


Anh Van Nguyen, Mazhar I. Khan, and Zhiqiang Lu 

Department of Patbobiology, 

College of Agriculture and Natural Resources, 

University of Connecticut, Storrs, cr 06269 


Salmonella species have been reported to cause septi
cemia, enteric fever, and gastroenteritis. Slllndard pro
cedures of isolation and identification of Salmonella spp. 
using growth media are slOYJ and often these methods filil 
to detect the presence of bacteria wruch may in filet be 
present. More sensitive and rapid methods are therefore 
required. Tn this study, we have used molecular DNA 
technology to detect Salmonella spp. We have construct
ed a recombinant pUC8 plasmid carrying a HindID di 
ge ted fragment of Salmonella enteritidis. When the 
recombinant plasmid was used as a probe in a dot blot 
hybridization, our plasmid (C7 probe) detected all Sal1110
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nella spp. samples that we have tested but did not hybrid
~ with other enteric bacteria. From the DNA sequence 
of the cloned fragment, we made t\w synthetic primers: 
NKl and NK2. When used in polymerase chain reaction, 
NKI and NK2 directed amplification of DNA of Salmo
nella spp. yielding an expected 2.1 kbp product, but did 
not amplify DNA of other enteric bacteria. 

Further, in our study we have uti1i.1.ed C7 clone as a 
DNA probe in Southern blot analysis. The C7 probe 
enabled us to differentiate Salmonella enteritidis isolates 
from other salmonellae and enteric bacteria used in tills 
study. 
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EFFICACY OF SARAFLOXACIN FOR THE CONTROL OF 
MORTALITY ASSOCIATED WITH E. COLI INFECTIONS 

IN BROILER CmCKENS AND TURKEYS 

M.W. McCabe, R.H. Rippel and R.E. Miller 

Abbott Laboratories, Chemical and Agricultural Products Divi ion, 
1401 Sheridan Rd., North Chicago, IL 60064 

Sarafloxacin, a fluoroquinolone, was evaluated for the outbreaks were conducted to evaluate the 20 ppm dose. 
control of mortality asso iated with Escherichia coli in These studies involved 18,000 straight ron broilers, 1 - 5 
broilers and turkeys. weeks of age. Fifteen-day mortality was 2.0% in the 

In both species, dose titration studies were conducted sarafloxacin-treated group compared to 5.5 % in the non
in which a pathogenic serotype of E. coli (01 02, or medicated controls. 
078) was injected into the breast mu cle and treatment Additional studies were conducted at commercial 
immediately commenced. Based on a reduction of mor production units. In broilers, 3 flocks (62,500 birds), 
tality associated with E. coli, the doses of 20 ppm for approximately 4 weeks of age, experienced an outbreak of 
broilers and 30 ppm for turkeys for 5 consecutive days in coliba illosis and were treated with sarafloxacin. Daily 
the drinking water were 'elected. mortality dropped from 0.25 % 24 hours prior to medica

Pour replicated-pen field trials, with a total of 4,200 tion to 0.07% at the end of the 5 days of medication. 
male and female, 4- to 8-week-old turkeys, were con Seven turkey flocks (100,000 birds), ranging from 3 - 10 
ducted comparing 30 ppm saraftoxacin to a nonmedicated weeks of age, experienced a colibacillosis outbreak and 
control 00 spontaneous outbreaks of colibacillosis. Fif were treated with sarafloxacin. Daily mortality dropped 
teeo-day mortality was 4.2 % in the saraflol(3cin-treated from 0.29% 24 hours prior to medication to 0.06% at the 
group compared to 10.0% in the nonmedicated controls. end of the 5 days of medication. 
In broilers, 6 replicated-pen fieJd trials with spontaneous 

RESURGENCE OF 

MYCOPLASMA GALLISEPTICUM WORLDWIDE 


David Spackman 


Greendale Labs, Lyndhurst, Brentmoor Road, West End, 

Woking, Surrey GU24 9QG United Kingdom 


Since the mid -1980's, there has been increasing sero
logical evidence of more frequent incidence of Mycoplas
ma galliseplicum (MG) in poultry flocks around the 
world . 

The early evidence came in the Middle East, and later 
in the UK in commercial egg layer flocks. Primary 
breeders had been clear fur some considerable time, 
follOO1ing intensive testing using the rapid plate method 
with slaughter of positive birds. 

Layer flocks seroconverted often about 35 to 40 weeks 
of age. This has latterly become earlier in the production 
cycle, but has seldom been found in the rearing period . 
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Isolated broiler breeder Bocks were identified as posi 
tive to MG and their offspring hatched and reared in 
isolation, possibly because of the size of the breeder 
Hock. Offspring mortality was frequently higher than 
offspring of similar age breeder flocks. Seroconversion 
in commercial layer flocks often was not accompanied by 
detectable production changes. 

These early cases were followed by suggestions of 
positive flocks in Italy, Spain. and Greece, but these were 
declared negative after diluting 1:5 or 1:10 so it was 
decided that misinterpretation of results existed in some 
cases. 



Since that time, true positives have been found in 
Greece, Italy, Thailand, Malaysia, Hungary, U K and 
Nepal. These were positive to MG with no cross-reaction 
to M. SYfloviae, and which persisted after dilution and 
which latterly have been confirmed by positive results 
using ELISA technology. 

In the UK, most of the cases have been in commercial 
layers and turkeys; broiler breeders and commercial layer 
breeders remaining negative. Elsewhere in the world , 
broiler breeders have been principally involved. 

The percentage positive is often low to medium with 
something like 5 % to 8 % seroposiIive. However, cases 

as high as 75 % in turkeys in the UK. and 80% in broiler 
breeders in Nepal have been found. 

In some cases it has been stated that offspring have 
been compromised in health , response to vaccination, and 
in growth rate, but in many cases, no detectable effect 
has been noticed . 

Improved diagnostic techniques, more frequent moni
toring, and better isolation techniques, coupled with accu
rate production effects are clearly becoming necessary, 
with action plans predetermined before the clinical situa
Lion becomes serious worldwide. 

MYCOPLASMA GALLISEPTICUM INFECTION IN 

CHUKAR PARTRIDGES, PHEASANTS, AND PEACOCKS· 


KaJen C. Cookson and H.L. Shivaprasad 

California Veterinary Diagnostic Laboratory System - Fresno Branch 
2789 S. Orange Avenue, Fresno, CA 93725 

Mycoplasma gallisepticum (MG) in.fection is common
ly known as chronic respiratory disease of chickens and 
infuctious sinusitis of turkeys. Clinical signs are usually 
slow to develop and the disease often takes a chronic 
course, with birds displaying poor physical condition and 
weight loss. [n breeder flocks, there is a decrease in egg 
production. MG has also been isolated from natural 
infections in pheasants, chukar partridges, peafowl, bob
white quail, and ducks' . 

MG was diagnosed in a backyard flock of 40-50 
breeder chukars experiencing a marked drop in egg pro
duction with severe sinusitis, conjunctivitis, and eventual
ly death. Nine 3-montb-old offspring of these birds were 
submitted to the California Veterinary Diagnostic Labora
tory System - Fresno branch with a 6-week history of 
watery eyes, swollen sinuses, and death due to emaciation 
and respiratory dJstress. Necropsy revealed moderate to 
severe conjunctivitis and ca eous infraorbital sinusitis. 
Histopathological examination revealed moderate Iympho
plasmacytic conjunctivitis and pleocellular sinusitis. Birds 
were seropositi~ for MG on the rapid plate and hemag
glutination-inhibition tests, and MG was isolated from the 
sinuses. 

The breeder chukar population consisted predomi
nantly of adult birds of unknown origin collected at sever
al field trials. Clinical signs first appeared I month into 
production (early May), and by the end of June all breed
ers had died or were cuUed . The pen was then disinfect
ed and left vacant fur 2 months. Approximately 50 off
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spring, while rai ed in an adjoining pen, became clinically 
affected at about 2.5 months of age. They were later 
moved to another peo to make room for oe\\lly purchased 
day-old chukars. These, too started howing clinical 
signs at about 2.5 months of age. All chukars were 
unresponsive to terramycin and only transiently re pon
sive to Tylan (clinical signs returned in about 6 weeks in 
aU groups). 

Together with cbukars, the house contained other 
species of game birds, including pheasants (125), peafowl 
(6), bobwhi te quail (750), chicken (8), and mallard ducks 
(2). The house was divided into mUltiple pens separated 
by chicken wire, but aU species had been in direct contact 
with the chukars. Of these species, only pheasants and 
peacocks displayed similar signs and were confirmed 
positive for MG serologically. However, unlike the 
chukars, the pheasants and peacocks responded favorably 
to Tylan. 
"This case report will be sub milllld 10 Avian Diseases. 

REFERENCES 

1. Yoder, Jr. , H.W. Mycoplasma gallisepricum infec
tion. In: Diseases of Poultry. 9th ed. Calnek, B. w.. 
H.J. Barnes, C.w. Beard, W.M. Reid, and H.W. Yoder, 
Jr., eds. Iowa State Univ. Press. Am~, iowa. pp. 198
212. 1991. 



FURTHER STUDIES ON LIVE MG VACCINE STRAIN 6/85 

e.S. Roney and R. D. Evans 


lntervet Inc. 405 State St. , Millboro, Delaware 19966 


INTRODUCTION 

Mycoplasma gallisepticum (MG) infection continues to 
cause economic losses in the commercial layer industry in 
the U. S. Increased mortality, increased feed conversion 
ratios, decreases in egg production, and exacerbation of 
other respiratory agents are common sequelae of MG 
infection of layers. 

DISCUSSION 

Vaccination for MG remains an accepted method of 
decreasing 10 es from MG infuction. Modified, live, and 
inactivated vaccines are utili.2Ed during the puUet rearing 
period to prepare the bird fur th hen house chaUenge. 

inactivated bacterins have demonstrated their abil it y to 
decrease egg production losses in MO positive Hocks. 
HCJ\Vever, the bacterins are expensive and application by 
injection is co tly as well as inaccurate at times. 

Live vaccine have gained favor in recent years. The 
commerciaUy licensed F-strain has shown to protect hens 
again t airsac u1itis and egg production losse from MG 
field strain. However. the F-strain doe have some detri
mental effects on the oviduct and is almost fully patho
genic to turkeys. 

In January 1992, a new modified live strain of MG 
vaccine was licensed by the USDA. This 6/85 strain, as 
a vaccine, has shown excellent results protecting layers 
against clinical signs and egg drops from MG virulent 
field challenge. It is apathogenic fo r clllckens and turkeys 
and is genetically tabJeI.2. 

Since the introduction of the MG 6/85 strain vaccine 
(Mycovac-Lr, Intervet Inc. Millsboro, Delaware) million 
of doses have been applied to commercial layers through
out the U.S. Results have been positive in that protection 
i perceived to be equal to F-strain, but less damage to 
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the oviduct and respiratory system has resulted in better 
livability feed conversion, and egg shell quality in the 
Mycovac-L*r vaccinated chickens. 

Mycovac-L. Since Mycovac-L*r does not cau e 
chickens to seroconvert to the serum plate agglutina
tion(SPA) test, the time of infuction from the field chal
lenge can be determined by a positive SPA test. The 
level of field challenge can then be monitored for the 
premi e.Present commercial ELISA systems do not con
sistently detect antibodies to Mycovac-L*r. Since anti
bodies are not protective in MG infuctions, thi is not an 
immunological issue but does pose a difficulty in serologi
cal detection of vaccination application efficacy. An 
effective way to monitor the effectiveness of Mycovac
L*r vaccination is to u e the SPA test to detect the onset 
of field challenge and egg production data to compare 
performance of Mycovac-L*r vaccinated hickens to other 
programs. 

Unlike F-strain , Mycovac-L *r does not perform well 
when administered by eye drop or coarse spray (Table 1). 
A tine spray (20 microns or less) is recommended as the 
preferred route of application. This allows quick coloni 
zation of the trachea willch is important to the efficacy of 
the MG 6/85 strain. 

There is concern in the turkey industry that live MG 
vaccine for use in clllcken could accidentally infect a 
turkey flock causing economic losses. This has occurred 
with the F-strai.n3. A study was performed by an inde
pendent agency to determine the effects of Mycovac-L*r 
in turkey. The results of this study demonstrate that Mg 
6/85 vaccine is safe when administered to turkey and that 
it does not cause positive MG titers as measured by SPA 
and HI. However, the MG 6/85 vaccine did not protect 
turkeys again t airsacculities lesions after challenge with 
high doses of MG R strain. 

http:F-strai.n3


SUMMARY 

The MG 6/85 vaccine. Mycovac-L>fcr, is as effective 
as F-sttain in preventing economic losses from MG field 
infuction. HO\AIever, its mild effect on the airsacs and 
oviduct allow an improvement in livability, feed conver
sion, and egg shell qUality. The apathogenicity of 
Mycovac-L"'r vaccine for turkeys decreases the concern 
of accidental contamination of commercial turkey flocks. 
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TabJe 1. Airsac lesions" in chickens vaccinated with MG 
6/85 vaccine by coarse and fine spray and cballenged at 9 
and 12 week po ·t-vaccination with MG R strain. 

Average airsac lesion scores 
following chaUengeS; 

9 weeks 12 weeks 

Coarse 1.0 0.4 

Fine 0.3 0.2 

"0 = bright clearairsacs; 1= sJjght cloudiness; 2 = 


heavy cloudiness; 3 = heavy cloudiness or cheesy exu 

date or thickening; 4 = any combination of 3. 

BAverage lesion scores of 8 birds. 
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INTRODUCTION 

Hybridization with DNA probes bas been proposed as 
a supplement to current diagnostic methods due to the 
higb degree of specificity and ability to detect the etiologi
cal agent during early stages of infection. There is no 
dependence on the production of antibodies or influence 
of antigenic \lariation, and secondary infections with other 
bacteria including mycoplasmas do not affect the reaction. 
DNA probes bastW. on restriction fragments and produced 
by random cloning bave been reported for Mycoplasma 
gallisepliclitn (MG), M. synoviae (MS), and M. iowae 
(Ml) by various groups. 111 vitro amplification by the 
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polymerase chain reaction (PCR) has also been described 
for these important pathogenic mycoplasmas. 

DNA probes complementary to ribosomal RNA 
(rRNA) and rRNA genes, so-called rONA probes, have 
properties which make them particularly useful for the 
detection and identification of microorganisms. Ribosom
al RNA is ubiquitous in aU lire forms and present in up to 
104 copies per cell in rapidly dividing bacteria. Ribosom
al RNA from about 50 Mycoplasma species has been at 
lest partially sequences and the sequences have been 
deposited in the GenB~ data base. There are regions 
in the 168 rRNA molecule of different evolutionary vari
ability which makes it possible to exploit sequence infur



mation for studies of bacterial taxonomy and evolution6
• 

Sequence homology bas sbown that the mycoplasmas 
cluster in 5 phylogenetic groups, and the relationship 
between different species can be estimate<J-S. 

MATERIALS AND MEmODS 

Design and construction of rDNA oligonucleotide 
probe: Oligonucleotide probes used in this study were 
selected to be complementary to the evolutionarily vari
able V8 region of 16S ribosomal RNA of the relevant 
Mycoplasma species, as described el ewhere ' . The 16S 
rRNA sequence of MG, MS, and MI were compared with 
the relevant sequence of each other, and of otber avian or 
phylogenetically related mycoplasmas by computer-assist
ed sequence alignment. The oligonucleotides were syn
thesized by the phosphoramidite method and end-labeled 
with 32p using T4 polynucleotide kinase. 

Filter hybridization: Hybridization was carried out 
with the rRNA of the target organisms, of which many 
copies are present, in contrast to single-copy genomic 
sequences. Samples from different mycoplasma broth 
cultures were applied to nitrocellulose membrane using a 
dot-blot filtration ma.nilold, without prior purification of 
nucleic acid2• Ribosomal RNA was made accessible for 
hybrid.i2ation by heating the filter in a boiling solution of 
SSC/SDS. The amount of mycoplasma rRNA accessible 
to the probes was checked by hybridization wi th the 
mycoplasma group specific H900 probe which reacts with 
conserved regions of the 23S rRNA molecule. This 
method is more relevant than direct estimates of the num
ber of viable ceUs applied to the filter, especially in clini 
cal samples, since the actual number of ribosomes in tbe 
mycoplasma cells, the binding efficiency of nucleic acids, 
and the efficiency of Iysi, in making the si tes available 
for hybridization are taken into ac ounl. Hybridization 
conditions were described by Johansson et al3

• 

RESULTS 

The specificities of the probes was determined by 
filter hybridization with each of the other species as well 
as M.meleagridis, M. gallillarum, and M. pirum (a non
avian mycoplasma used for comparison). The detection 
level of the rDNA probe for the homologous mycoplasma 
was equjvaient to about 3 X JO' mycoplasma cells applied 
to the filter, and there were no cross-reactions. The 
possibility of cross-reaction between MG and Ms was 
particularly tested, using many strains, in view of the 
similarity between these species with respect to biological 
properties and the possibility of mixed infuctions. More
over, antigenic cro '-reactions and shared gene sequences 
between these species are welJ-documented. The specific
ity of the rONA oligonucleotide probes, as we found , was 
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predicted since the phylogenetic distance between these 
species is fairly large, which finds expression in sequenc
es of tile variable regions of the 16S rRN A. 

Particular emphasis was placed on studying the reac
tivity of tbe MG probe with a wide spectrum of MG 
strains in view of the intraspecies beterogeneity of this 
mycoplasma. MG strains tested included the type strain 
F631, widely used laboratory strains; F-vaccine; 3 variant 
strains from the USA; 8 field isolates from Sweden and 4 
from Israel , all gave strong hybridization signals with the 
homologous rDNA probe. These data suggest that the VS 
region of the 16S rRNA gene is highly conseIVed within 
the MG species. 

DISCUSSION 

The selection of rDNA oligonucleotide probes for 
different organisms in the same region of the gene coding 
fur the 16S ribosomal RNA provides a bandy tool for 
specific identification of the product resulting from in 
vitro amplification of this gene by PCR. HCJlNever, the 
oligonucleotide probes can also be used for direct and 
specific detection of rRNA of mycoplasmas in cultures or 
clinical samples. Direct hybridization may be the pre
ferred method when tbe infecting organism is present in 
high enough titer to be detected without amplification, 
such as in the trachea during acute stage of infection4 

• 

In this case increasing the number of birds sampled may 
be more effective in detecting infection than a very high 
degree of sensitivity in a limited number of samples. By 
using DNA probe hybridization, some of the pitfalls of ill 
vitro amplifi cation can be avoided, such as contamination 
by extraneous DNA and interference by components of 
the clinical sample (e.g. mucus). Cost-efficacy calcula
tions should also be taken into account when evaluating 
tbe applicability of diagnostic tests under field conditions. 
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COMMERCIAL DNA PROBE TEST KITS 

FOR MYCOPLASMA GALLISEPTICUM AND 


MYCOPLASMA SYNOVIAE: A FIELD REPORT 


G. Campbell. B. van Dam, and P. Tyrell 

IDEXX Laboratories, Inc., One IDEXX Drive, Westbrook, Maine 04092 

Mycoplasma gallisepticum (MG) is an economically 
significant organisms and is the causative agent of one of 
the most challenging respiratory diseases in ch.icken and 
turkey flocks. The National Poultry Improvement Plan 
(NPIP) has published guidelines for the testing program 
aimed at eliminating MG from breeding flocks. 

The most commonly used initial screening test for MG 
is the rapid serum plate agglutination test (SPA). The 
SPA, however, is prone to false positive reactions requir
ing subsequent confirming test protocols. Presumptive 
positiw samples are usually tested using the ELISA or 
hemagglutination inhibition test (HI). The HI is more 
specific than the SPA, but traditionaJJy shows wide varia
tions due to lack of uniformity between antigen prepara
tions and laboratory techniques. The ELISA is sensitive 
and specific, but can also be prone to non-specific reactor 
problems. Once a flock is presumed positiw, tradition.al 
culture procedures are used to isolate the organism for 
confirmation. Culture can ultimately identify the organ
ism, but has several disadvantages. First of all, the or
ganism i relatively fastidious and slow growing. There
fore, NPIP requires a minimum wait of 21 days to con 
firm even a negative flock if SPA and HI or ELISA are 
positive. Secondly, organism growth may also be inhibit
ed by damage during sample transport to the Lab or by 
growth inh.ibitors in the media. Thirdly, overgrowth of 
competing organisms can cause additional time delays and 
expense due to the need to resample. 

The global distribution of MG and Mycoplasma syno
viae (MS) organisms and the difficulty in expeditiously 
confirming the presence of mycoplasma in a Bock has 
prompted the development of 1'\\0 commercially available 
MG and MS DNA probe test kits. The USDA licensed 
kits are specific, sensitive, non-isotopic, and can be com
pleted within 8 hours (2 to 3 hours hands-on time) for 
either a positiw or negative result . In 1992, NPIP en
dorsed the PCR based DNA probe for MG to confirm the 
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positive Or negative status of the flock. SeveraJ case stud
ies have been reported, including: 

MG Field Study #1: The MG DNA probe incorpo
rates two levels of specificity to MG. The test protocol is 
specific to th.e amplification of the DNA and the enzyme 
conjugated probe has been constructed with a second level 
of specificity to a DNA sequence unique to MG. Veri
fied negative flocks were sampJed and tested negative 
using the MG DNA probe. Other related Mycoplasma 
species have also been thoroughly tested, including: 

Species 
Mycoplasma SYtloviae 
Mycoplasma gallinaceum 
Mycoplasma gallinarum 
Mycoplasma meleagridis 
Mycoplasma iowae 
Mycoplasma pullorum 

Results 

Negative 

Negative 

Negatiw 

Negative 

Negative 

Negative 


MG Study #2: Dr. Janet Bradbury from the Univer
sity of Liverpool, Department of Veterinary Pathology, 
South Wirral, England tested cultures of MG strains and 
mycoplasma-like related strains for DNA probe confirma
tion. The cultures were from a variety of hosts and 
sampling sites (trachea, eye, cloaca, etc.). The MG 
DNA probe results correlated 100% with known positive 
and negative MG resuJts. 

MG Study #3: A commercial turkey flock exhibited 
clinical symptoms of swoUen sinuses at day 65 while 
maintaining negative serological results for SPA and III 
through day 75. The MG DNA probe confirmed 20/20 
tracheal swabs positive for MG at day 75. Positive cul
ture results were not obtained until day 90, partly due to 
overgrowth of earlier cultures. At day 90 only 2/10 
sinus cultures and 0110 tracheal cultures were positiw 
for MG. 

http:tradition.al


A new USDA licensed commercial DNA probe test kit 
for MS is now also available. The kit performance in the 
field is described below: 

MS Study #1: The MS DNA probe incorporates too 
levels of specificity to MS. The test protocol is specific 
to the amplification of the DNA and the enzyme conjugat
ed probe has been constructed with a second level of 
specificity to a DNA sequence unique to MS. Verified 
negative flocks were sampled and tested negative using 
the MS DNA probe. Other related Mycoplasma species 
have also been thoroughly tested, including! 

Species .Results 
Mycoplasma gallisepticum Negative 
Mycoplasma gallifU1ceum Negative 
Mycoplasma gallinarum Negative 
Mycoplasma meleagridis Negative 
Mycoplasma iowae Negative 
Mycoplasma pullorum Negative 

MS Study #2: A flock presented as somewhat symp
tomatic fur MS. The SPA and fIT test results were MS 
positive and culture was initiated. Samples were sent to 
the lab for MS DNA probe testing and all samples tested 
positive using the probe test kit. 

MS Study #3: Tracheal ~bs weTe collected from 
an experimentally infected field flock and tested in cuJture 
and with the MS DNA probe. 

The results were as follows: 

/I of 
Samples 

Results 

MS culture 
results: 

1/30 MS Positive 

14/30 Overgrowth of nOD-MS 
organisms 

7/30 "Mycoplasma-like,· FA 
negative 

8/30 MS Negative 

MS DNA Probe: 30/30 MS Positive 

SUMMARY 

At the present time the DNA probe promises to be a 
very cost effective replacement for culture with consider
able time savings for both positive and negative samples 
when used. as a confirmatory test for both MG and MS 
presumptive positive samples. Commercial DNA probes 
for both MG and MS can facilitate sample handling and 
transport, eliminate the inherent problems of culture 
overgrowth, save valuable time by producing same-day 
results, and provide clear, specific confirmatory answers. 

COMPARISON OF POLYMERASE CHAIN REACTION AND 

ISOLATION PROCEDURES IN THE DIAGNOSIS OF 


MYCOPLASMA GALLISEPTICUM FROM CLINICAL SPECIMENS 


R.P. ChinA, S. ZhaoB, R . YamamotoB, and E.R. NascimentoB 

"'California Veterinary Diagnostic Laboratory System - Fresno Branch 

2789 S. Orange Avenue, Fresno, California 93725 


OOepartment of Epidemiology & Preventive Medicine 

School of Veterinary Medicine, University of California, Davis, California 95616 


Thirty-five tissue samples, consisting of sinus or joint pies. All exudates that were positive fOT MG by culture 
exudate from turkeys of clinical cases submitted to the were positive for MG by PCR and all samples that were 
Califurnia Veterinary Diagnosti.c Laboratory System - negative for MG by culture were also negative by MG
Fresno Branch, were collected between 5/89 and 9 /92 and peR. Thus, MG-PCR appears to be a promising diag 
saved at -70 C. Mycoplasma cultures were performed on nostic tool on clinical specimens. 
aU samples at the time of submissions. Mycuplasma The advantages of the MG-PCR are: 1) high sensi
gallisepticum (MG) was isolated from 10 of the 35 cases tivity and specificity, 2) rapidity of the test- total testing 
by routine procedures and identified by indirect fluores  requires less than 8 hours 3) ability to detect MG in 
cent antibody test'. Polymerase chain reaction (PCR) for long-term frozen samples- it is very difficult to recover 
detection of MQ2 was performed on all 35 frozen sam- MG from samples frozen for a long period of time, and 
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4) ability to detect small amounts of MG. Additionally, 
the cost is comparable to isolation proceduresZ. Further
more, PCR can be used as a quick confirmation test on 
isolated colonies or tissues. 
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Recently, our laboratory has successfully developed a 
highly sensitive and specific procedure using the poly
merase chain reaction (PCR) to detect Mycoplasma gaI
lisepricum l

, Mycoplasma me/eagridis2, and Mycoplasma 
iowae. Previous studies indicated that the PCR method 
\Vas 1000 to 100,000 times more sensitive than dot blot 
hybridization l .2.3. The objective of the present study was 
to develop a species-specific polymerase chain reaction to 
detect Mycoplasma SYlloviae (MS). 

A MS species-specific recombinant subclone, 
pMS 156-20, of approximately 1.1 kbp was partially se
quenced. Based on the sequence data, a pair of 25 base 
primers were synthesized to develop a MS polymerase 
chain reaction (MS-PCR). The primers amplified target 
DNA of approximately 1.1 kbp and had excellent speci
ficity over a range of annealing temperature from 60 C to 
68 C. The primers amplified 100 pg of 26 strains or 
isolates of MS, but not 3 strains of M. galliseplicum (S6, 
K810, A5969), 15 other avian mycoplama species, nor 
pUC8 plasmid. The minimum amount of target DNA 

detected by MS-PCR was 10 fg, which was 100,000 
times more sensitive than the dot blot methodology using 
MS recombinant DNA probes. The specificity of MS
PCR product detected by gel electrophoresis was COD

firmed by Southern blot hybridization using an internal 
probe derived from pMS156-20. 

'This paper bas been 8ccepled for publication in Avian Pathology. 
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A polymerase chain reaction (PCR) test for Myco
plasma synoviae (MS) was developed and evaluated as a 
diagnostic test. PCR primers were selected from the 
variable regions of the 16S rRNA sequence of MS. The 
MS PCR positi-.ely identified 55 indjvidual isolates of MS 
in comparison to negative results for 44 individual isolates 
of 9 other species of avian mycoplasmas. Tracheal swabs 
from specific-pathogen-free chi kens inoculated with MS 
tested positive, and M. gallinarum and noninoculated 

controls tested negative, respectively, for 3 weeks postin
oculation (the duration of the study). During an MS 
epornitic involving broiler breeders, commercial layers, 
and backyard chickens, the PCR was compared to hemag
glutination inhibition serology (positive = 1: 80 titer) and 
to isolation and identification by culture. Analysis of 
field data showed a sensitivity of the PCR test (ability to 
identify MS i.n.fuction) of 83 % and a specificity (abili ty to 
correctly identify no infection) of 90 %. 

DIAGNOSIS OF MYCOPLASMA GALLISEPTICUM AND 

MYCOPLASMA SYNOVIAE USING DNA PROBE 


POLYMERASE CHAIN REACTION TEST KITS 


David H. Ley, Alan P. Avakian, 
1. McLaren, and 1. Edward Berkhoff 

College of Veterinary Medicine, North Carolina State Uruversity 
4700 Hillsborough St., Raleigh, NC 27606 

Mycoplasma galli epticum (MG) and Mycoplasma 
sYlloviae (MS) are important respiratory tract and sys
temic pathogens of commercial poultry and are regarded 
as economically significant causes of disease impacting 
the efficiency of poultry production worldwide}'? The 
most desirable strategy to reduce the adverse economic 
impact of MG and MS disease in commercial poultry is a 
surveillance, control, and eradication program as exempli
fied by the National Poultry Improvement Plan' (NPIP). 
A key to the success of trus program is tbe ability to 
make a prompt, accurate, definiti-.e diagnosis whenever 
MG Or MS infuctions are suspected. The most commonly 
employed Gold Standard for the definitive diagnosis of 
MG and MS in fections has been culture, isolation and 
identification of the organism. Recently, DNA probes 

and the polymerase chain reaction (PCR) have been de
veloped for the detection of avian mycoplasmas2.5. This 
presentation describes our experience using commercially 
developed DNA test kits, along with serology and culture, 
to diagnose MG and MS in chickens and turkeys. 

MATERIALS AND METHODS 

Mycoplasma culture and identification . Frey's agar 
and broth media with 15 % swine serum (FMS) were used 
for culture and isolation of mycoplasmas4 

• Mycoplasma 
spp. were identified by direct immunofluorescence4•6 (IF) 
using fluorescein -conjugated rabbit antiserum provided by 
S. H. Kleven (Dept. of Avian Medicine, Uruversity of 
Georgia, Athens, Georgia). 
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CANDIDATE VACCINE STRAINS 

FOR THE PREVENTION OF COLmACILLOSIS 
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Escherichia coli infection in turkeys and chickens is 
observed in several forms. the most common being col~ 
ibacillosis. This disease is chaTllCterized by septicemia, 
air sacculitis, pericarditis, and perihepatitis. Colibacil~ 
losis frequently develops as a secondary event subsequent 
to mycoplasma or viral infection or environmental stress. 

The long term goal of our research is to develop a live 
attenuated vaccine that will be effective in the prevention 
of coli bacillosis. Our initial work bas concentrated on 
producing a vaccine that is effective for turkeys, but we 
believe that this vaccine will also be useful in other avian 
species. 

To date, our efforts have concentrated on the investi
gation of the effect of deletions in the carAB operon and 
the tole gene on virulence of the bacterium. Mutations in 
the carAB operon produce a requirement fur arginine and 
uracil fur growth while a mutation in the tolC gene ren
ders the bacteria more sensitive to detergents and some 
antibiotics. We have produced these mutations in avian 
isolates of E. coli belonging to serogroups 01, 02, and 
078. 

To evaluate the relative virulence, day-old chicks were 
halJenged by subcutaneous injection with the mutants and 

the wildtype isolates that they bad been derived from. 
We observed a significant decrease in virulence of deriva
tives containing a mutation in the carAB operon. For 
example wben lOOx the LDso (fur the wildtype) was 
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given, no more than 50% of the chicks died in 7 days 
following chaUenge. In contrast, a mutation in the tolC 
gene resulted in no apparent loss of virulence when com
pared to the wildtype bacteria. The fiUJure of the tolC 
mutation to decrease virulence was also observed when 
chicks were challenged by the intratracheal route. It 
appears that the tolC mutation is not attenuating and will 
therefore nol be useful for vaccine strain production. 

Research on E. coli infections in turkeys bas been 
hampered by the lack of a good experimental model. We 
have developed a turkey model for colibacillosis that 
mimics the normal disease process. Seven-week-old 
turkey poults were exposed to an attenuated strain of 
baemorrhagic enteritis virus (HEY) followed 1 week later 
by E. coli given intratmcbeally. 10 the 7-day period 
following challenge with E. coli, we observed 75% mor
tality. No mortality was observed in the absence of 
attenuated HEV. In thi model, not only were symptoms 
typical of colibacillo is observed, but synergy between the 
viral and bacterial inJection also occurred. 

Turkey poults were orally vaccinated at 4 weeks of 
age with either wild type E. coli or the carAB mutant 
derived from it. Vaccination with either type of E. coli 
resulted in complete protection from inJection with the 
homologous wild type strain using the model described 
here. 
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PREPARED ALUMINUM HYDROXIDE AND COMMERCIAL 
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Veterinary Serum and Vaccine Research Institute, 
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INTRODUCTION 

In Egypt, Newcastle disease (ND) is well established 
and widespread througbout the country, commonly oc 
curing in an acute and subacute form. The control of NO 
is carried out by vaccination either with live or inactivated 
vaccines. The use of inactivated ND vaccine is consid
ered an effective method of inducing immunity in 
chicksl•3•9 • 

The use of aluminium hydroxide [AL(OH))] adsorbed 
vaccine ba been reported'. The present studies were 
done to compare in the field the locally produced inacti
vated NO vaccine adsorbed in aluminium hydroxide gel 
with the commercial oily emulsion (DE) inactivated ND 
vaccine. 

MATERIALS AND METHODS 

In these studies, the following vaccines were used: 

1. 	 Locally produced inactivated NO virus in AI. 
hydroxide. 

2. 	 Commercial inactivated ND virus in DE. 
3. 	 Live attenuated commerciaUy produced Hitchner 

Br and La Sota strains. 
4. 	 Local velogenic viscerotropic ND virus 

(VVNDV)9. 

Nine groups of Hubbard broiler 4-day-old chicks of 
14,000 each were used. The chicks were reared on dif
rerent filrms of the General Poultry Organirntion. The 
first 2 groups had received the locally produced inacti
vated vaccine through !>"Ubcutaneous (SC) injection with 
0.3 mJ for each chick (individual dose equal to 1(1 6 

EID50) and simultaneously vaccinated wjth Hitchner B, via 
eye drop. The second group was boostered on the 28th 
day with Hitchner B, through drinking water. 

The thitd and fourth group received DE commercial 
vaccine instead of the local vaccine. The vaccination 
progmm and booster were exactly the same as group 1 
and 2. 
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The 5th and 6th groups were vaccinated with locally 
produced inactivated vaccine by SC injection and simul
taneously with HB, through dipping. The 6tb group was 
boostered on the 28th day of age with RBI in drinking 
water. 

The 7th and 8th groups received the same program of 
vaccination and booster but using the OE commercial 
vaccine instead of locally produced Ai. bydroxide inacti
vated vaccine. The 9th group was used as vaccinated 
controJs; the group had received the normal vaccination 
program for broilers specially used for poUltry organiza
tion tums. This program include dipping at 4 days of 
age, folJowed by aerosol vaccination at 12 and 20 days of 
age. RBI was used in all the previous vaccinations. At 
30 days of age, the chicks were vaccinated with La Sota 
NDV by spmy. 

RESULTS AND DISCUSSION 

In this investigation, vaccination programs with differ
ent dead and live vaccines of NDV were evaluated by 
serological test, response to challenge with VVNDV and 
variations in the final body weight. 

Effective vaccination of a flock baving a varying 
passive immune status can be very difficult. Also ad
ministmtion of vaccine to chicks in the presence of signif
icant maternal antibodies increase the mte of removal of 
antibodies and renders the chicks more responsive to a 
subsequent application of the vaccines. These findings 
agreed with our results when using passively immuniEd 
chicks with antibody titers that ranged from log2 4.2 to 
5.3 at 1 day of age. These titers sharply decline 15 days 
post vaccination (PV) with inactivated and live attenuated 
vaccines. In alJ vaccinated groups, the minimum and 
maximum observed liters were log2 1.3 Lo 2.6 in groups 7 
and 4 respectively. Hemagglutination inhibition (HI) 
determination at the 30th and 42nd day PV and revaccina
tion of groups 2, 4 6, and 8 at the 28th day of age with 
HB, in drinking water, showed that there was a moderate 
increase in HI response at the 30th day, followed by 
significant increases in HI titers at the 42nd day; especial 



Iy in the revaccinated groups which gave 5 .8, 5.4, 5.7, 
and 5.3 log2 III titer in groups 2, 4, 6, and 8 respective
ly. 

Criteria fur evaluation of chall nge exposure responses 
include , morbidity , mortality and virus reisolation 6 
days post cbaJlenge lO

• The minimal protection against 
WNDV was observed 2 week po t vaccination in all 
groups and ranged from 70 % to 85 % in groups 7 and 6 
respectively. At 3 and 5 weeks PV, the protection per
centage increased to ace ptable levels of immunity in 
most of the challenged groups, with the exception of the 
9th group which was used as the vaccinated controls. 
The protection percentages were 70%, 75%, and 80% at 
2, 3, and 5 weeks PY. These results agree with an other 
study4 that states, "if the time interval between the prima
ry and secondary vaccination is less than 21 days , the 
antibodies produced by the first dose of vaccine is more 
likely to interfere with the multiplication of the second 
dose of virus. ~ 

The effect of the different vaccination programs on the 
final body weight WetS determined at 1, 14, and 28 days 
of age and just befure slaughter. It revealed that the 
higbest weights were obtained by birds of groups 1 and 2 
which gave average weights of 1309 and 1313 gm at 45 
days of age. 

In summary the cboice of vaccination program may be 
based on equating the degree of immunity necessary, 
costs involved and the exposure to local field virus both 
in terms of its virulence and prevalence. Also, vaccina
tion with inactivated vaccines at an early age avoids the 
problem associated with the injection of inactivated vac
cine whicb may cause residual tissue reactions, and con
sequently the carcasses might be downgraded and made 
unsuitable for human consumption. 

The vaccination program of groups. 1 and 2 which 
received local AL. hydroxide inactivated vaccine plus 
HBI by eye drop vaccination have the potential to induce 
higber ill titers and 100 % protection due to the individual 
application of both vaccines either by SC or eye drop for 
inactivated and RBI respectively. This finding agreed 
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with publisbed findings4. Also, the higher gain of body 
weight was obtained by groups 1 and 2. So there is the 
distinct possibility of successfully using AL. hydroxide 
inactivated NDV vaccine for broiler vaccination program. 
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INTRODUCTION 

Infectious bursal disease (IBD) is considered one of 
the most serious diseases in chickens. The disease causes 
severe economic losses, and birds thaI survive the infec
tion may have reduced immune response to subsequent 
infections and attacks by other diseases',M. 

The disease has been reported in Egypt3, and control 
measures, including vaccination, should be done. Thi 
tudy points out the importance of preparing infu tious 

bwsal disease virus (!BOV) vaccines. 
The aim of this project was to study the properties of 

mDV in order to produce a local live attenuated or inacti 
vated oil emuJsion vaccine. 

MATERIALS AND METHODS 

The mov used in this study was American Bursavac 
M strain having a titer of HI EIO~/mJ . 

Embryonated Chicken Eggs (ECE) 9 to II days old 
were obtained from General Poultry Company ror virus 
propagation and titration. 

For studying pathogenicity and different routes of 
inoculation, 60 ECE were divided into 2 equal groups. 
The first group was inoculated via allantoic cavity (AC) 
while the other via chorioallantoic membrane (CAM). 
The percentage of positive embryos4,9,11.12 as well as the 
EIDSI/ mJ were calculated after titration2. '5 • 

The effect of differe·nt virus dilutions from 101 to 104 
was studied. Four equal groups (20 ECE) each were 
inoculated via AC. After 7 days incubation, the embryos 
were collected, homogenized10 and titrated. For studying 
the best day of viru harvest, 60 ECE were inoculated 
with 1()3 dilutions of mDV via AC. The eggs were 
collected at intervals of 24, 48, 72, 96, 120, 144, and 
168 hours post inoculation, then chilled and titrated. 

The keeping quality of the freeze-dried virus was 
examined at different temperatures. The lyophili2ed virus 
kept at room temperature was titrated weekly for 6 
months, while the samples kept at refrigerator ( +4 C) 
and deep freezer (-20 C) temperatures were titrated 
moothly fur 12 months. 
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Heat stability of the virus fluid samples after 2 bolding 
periods of 2 hours at 56 C was studied and the EIDso was 
determined . 

RESULTS 

Our results showed that the pathogenicity of mDV to 
ECE was 90 % and 75 % when the virus was inoculated 
via AC and CAM respectively. Allantoic cavity was the 
best route of virus inoculation as it gave a titer of 
107.4/mi. EID50 , compared to 1()6·7/ml EIDso for CAM 
inoculation. 

The best virus dilution was 10-3, as it gave a titer of 
LQ7.75/mJ when inoculated in EeE via AC. Three days 
post inoculation of ECE, high virus liters could be ob

5tained; the EIDso /ml was 107
- • 

The results of keeping the quality of the freezedried 
live mov vaccine showed that the average loss of virus 
liter was 1.9 log. after 12 months stonlge in the refrigenl
tor. After 6 months stonlge at room temperature, there 
was a 6.3 log. drop in the virus liter from the original 
virus, while there was no significant loss in the virus titer 
in samples preserved in the deep freezer (- 20 C). 

mov is heat stable for 6 hours at 56 C which gave a 
titer of 1OS/EID50 and survived until 21 hours with a drop 
in titer to l()l-' /mJ EIDso. 

DISCUSSION 

Some tudies 00 the properties of roo virus have been 
tried successfully by others4,7,8.'2. In order to produce 
lBDV vaccine in the future the, our experimental and 
laboratory trials indicated satisfactory results. 

It was found that the pathogenicity and best route of 
inoculation was the allantoic cavity, and this resuJt dis
agreed with that obtained by HitchnerB who stated that the 
CAM was the route of choice. 

The suitable lime for virus harvest was 12 houlS post 
inoculation. mD virus was stable at 56 C for 6 hours. 
These results agreed with the previous finding observed 
by others4,8,ll. 

http:embryos4,9,11.12
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A dilution of 101 was the best dilution for virus propa
gation. The keeping quality of vaccine stored at - 20 C 
for more than 12 months showed that there was no loss in 
virus titer, while those kept at room temperature for 6 
months and + 4 C showed a reduction in virus titer equal 
to 6.3 and 1.9 log respectively. 
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Macromorphometric observation can be used in evalu
ating the immune system4

, when IBD size and aspect of 
bursa is relevant. Bursal/body weight ratio has been used 
more for experimental evaluation; however, for field 
conditions, performing this technique requires the use of a 
precision scale. Since 1989 in South America, Botero 
and Uribe l observed, under field conditions, simultaneous 
presentation of bursal atrophy and splenomegaly in mD
affected birds. Since then, people in Latin American 
areas have been using the relation Bursa/spleen sizes as 
an additional element in the diagnostic and evaluation of 

. IDD. Bursal atrophy is weU reported . The finding of 
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splenomegaly bas been mentioned in some reports2, and 
denied in others" Bursal atropby and splenomegaly are 
not pathognomonic conditions.. This present study evalu
ates how mD affects the ratio bursa/spleen, under con
trolled. chaUenge conditions, and its possible applications 
for diagnostic or evaluation purposes. 

MATERIALS AND METHODS 

Thirty SPF birds, divided in 3 groups of 10, caged in 
isolated conditions, were used for a chaUenge trial . The 
experimental design is showed in TabJe 1. At necropsy, 



bursa and spleen diameters and weight and body weight 
were recorded, tabulated, and used for statistical analysis. 
The average between width and length was used for 
spleen. 

RESULTS 

From Table 2, all columns proved the analysis of 
variance (p<0.05). All the used parameters differentiate 
between affected and nonatfected birds with significant 
differences (p<0.05). The spleen/body weight ratio have 
a highly significant difference (P<O.OI), indicating the 
presentation of splenomegaly. 

ALl affected birds at 7 days po t-in~tion (p.I. ) had 
bursas smaller than the spleen; all nonaffected birds had 
bursas bigger than the spleen (Figure 1). Using the bur
saJspleen diameter ratio (B/SD) (Figure 2) B/SD > 1 
means that the bursa is bigger than the spleen; B/SD < 1 
means that bursa is sroaJIer. B/SD differentiates affected 
vs. non affected birds with high levels of significance 

Table 1. 

(p <0.01). From obtained data, it is possible to con
clude: 

- At 7 days P.1., there is evidence of splenomegaly. 
- The combined effect of splenomegaly and bursal 

atropby induces a big change in the B/SD. 
- BISD can be used in helping in the evaluation and 

diagnosis of IBD. 
- Experimental data agree with field observation. 
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Group & Group name () Vaccinea ChaLlengeb Necropsy 

Non Vacc-Non Chall (NV-NCb) - - 42 days 

Non Vacc.-Challc (NV-Ch) - 35 days 42 days 

Vacc. -Chall (Y-Ch) 21 days 35 days 42 days 

a. IBD inactivated vaccine 
b. Standard Challenge Virus 
c. At days 3, 4, and 5 postchallenge, I bird was necropsied for verification of challenge efficacy. 

Table 2. 

Group Bursa/body 
Wt. ratio 

Spleen/body 
Wt. ratio 

Bursa/spleen 
Wt. ratio 

Bursa/spleen 
Diam. ratio 

NV-NCh 4.650··A 2.052a•A 2.349',A 1.431"·A 

NV-Ch 2.797b.A 3.011 b. 8 0.946b.8 0 .7301>.8 

V-Cli 4.453a,A 1.922·,A 2.33~· A 1.336o,A 

Small letters in same column indicate significant difference (P<O.05), capital indicate bigh significant difference 
(P<O.O)). 
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Figure 2. NV-Ch significantly different (p<0.01). 

ASCITES-CURRENT SITUATION 
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An epidemiological urvey of ascites and heart attacks 
was conducted at the beginning of 1992. Surveys were 
sent to all U.S. broiler production managers and health 
professionals. Responses represented over 75 % of the 
industry. 

An average ascites and heart attack mortality of 1.4 % 
was reported with a range in the highest month of I.9 % 
and in the lowest month of 0.3 %. Ascites mortality was 
highest in Arkansas and the West Coast (1.9 %) and low
est in Delmarva and in Georgia and Alabama (both 
1.2%). 

Ascites was highest in January and February, with 
73 % and 68 % of respondents Ii ting these among the 
worst months respectively, and was reported to be lowest 
in June, July, August, and September by about half of the 
respondents. 

Based on a J to 5 scale (5 highe t), nutritionaJ, genet
ic, environmental, management, and di$ea e filctors were 
related to asci tes. Factors that averaged 3.0 or above 
were season, sex, average daily gain, breed, aJtitude. 
ventilation type, stocking density, respiratory disease, and 
chick problems. 

Chick quality, chick ource, down time, g use, clean 
out between flocks, half-house brooding, brooder type, 
vaccination program, high early mortality, E. coli, leg 
problems, drinker type, diet, and feeding program ranked 
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between 2.0 and 2.9. Factors with scores of 1.9 or be
low were incubator type, age of breeder flock, vaccina
tion type, litter type, medication, and feed additiw or 
anticoccidiaJ. Comments given 3 or more times (of 84 
responses) were: 

Sex: higher in males, 47 (responses). 
Breed: higher in Ro s or Ross X, 27; higher in Cobb 

or Cobb X, 10; higher in Hubbard, 3. 
Ventilation: higher with poor ventilation, 16; higher 

with natural ventilation/lo.ver with power ventilation, 9; 
lower with po itiw pressure, 3; higher with negative 
pressure, 3. 

Grower Rank: more ascites with higber rank, 18; 
less ascites with higher rank, 11; higher asci tes with 
lower rank, 6. 

Age of Breeder Oock: higher from older flocks, 14 
( pecified as 40 to 60 weeks and older). 

Vaccination: higher with spray vaccination, 8; higher 
with more virulent vaccines, 4; higher with greater reac
tion, 8. 

Drinkers: higher with open drinkers, 11; lower with 
nipple drinkers, 7. 

Diet: higher with bigb energy, 20; higher with high 
protein, 3. 



Feeding Program: lower with lighting program, 5; 
lower with time feeding, 3; lower with restrictive feeding, 
3. 

Other: higher on hardwood litter, 5; higher with 
aspergillosis, 7; higher with pancake brooders, 8. 

Ascites mortality was worst in smaller complexes 
(2.3% in companies under 400,000 birds weeldy) and 
progressively lower in larger complexes (1 .1 % over 
800,000 weeldy). More ascites occurred as bird size 
.increased. Bird under 1.8 kg (4.0 pounds) were report
ed to have mortality of 0.9% compared to 2. 3% mortali ty 
for birds over 2.6 kg (5.7 pounds). No consistent rela
tion hip was found between ascites mortality and down 
lime, frequency of clean out, stocking de.nsity or percent 
of flocks part-house brooded or raised sex separately. 

Early growth restriction, achieved by Light restriction, 
meal feeding or reduced energy and/or protein, was 
reported to reduce ascites on a large scale. Other impor
tant practices to control ascites included reduced stocking 
density, improved ventilation, control of respiratory dis
ease and breed selection. 

Because of the strong seasonal pattern of ascites, 
control measures are most important from mid-December 
through mid-March. Since many of the factors that con
tribute to ascites occur before 2 weeks of age, ascites 
control must be a part of an overall health, nutrition, and 
management program. 
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The topographic organirntion of cranial bones in 
poultry plays a vital role in understanding the various 
components of the brain lodged in it. The avian brain 
differs to a great extent from the mammalian brain. 
Many avian diseases affect the central nervous system. 
Recently, Kuenzel and Blahse.-s identified GnRH neurons 
in the entire zone of brain in the chick. Volmerl and 
Firman7 created lesions on the subfornical organ and 
organum vasculosum laminae terminalis to study the 
effect of water intake in broiler chicks by using stereotax
ic equipment and also by placing electrodes. To under
take such experiments, topography of the cranial bones, 
their shape, and their sJructure is essential. 

Hence, the present study was conducted to understand 
the sbape of cranial bones and their topographic organirn
tion in relation to brain morpbology. 

MA.TERlALS AND METHODS 

The heads of 30 adult and young (8 to 12 weeks of 
age) birds were procured from poultry /arms and slaugh
ter house. Out of these, 10 adult heads were perfused 
with 10% fOrmol-saline fixatives. Sagittal sections of the 
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fixed skulls were macerated to obtain intact skulls and 
loose cranial bones. 

RESULTS AND DISCDSS10N 

The bones of the cranium in poultry birds were sepa
rated at the time of and after hatching. The cranial bones 
formed a part of two large orbits, the hemispherical 
tympanic cavity on the sides, and a small cranium inside. 
Feduccia described that much of the brain case generally 
becomes fused in the adult and leaves little trace of the 
original structure2

• HolStad mentioned tbat avian enceph
alitis, Merek's disease, Newcastle disease, and aI 0 vita
min A and E deficiencies affect mid-brain and the cere
bellum). 

The parts of the brain that occupy the cranium were 
apparent in the sagittal section of the skull. The cerebral 
hemisphere and the olfactory lobes were lodged in the 
rostral cranial fossa, where they were formed, to a great 
extent, by the frontal bones. Each frontal bon.e was 
sickle shaped with wider caudal and narrower cranial ends 
(see Figure 1). The orbital surface was concave in both 
the directions and formed the medial wall of the orbit. 



The medial margin articulated with the interorbital septum 
and about its middle formed an opening for the olmctory 
nerve. 

The optic lobes and optic chiasma occupy the middle 
cranial fossa, which was formed by the petrous temporal 
bone (see Figure 1). The internal surface was divided 
into cranial and medial surfaces by a prominent petrosal 
crest (see Figure 1). The cranial divi ion was smooth and 
deeply concave which lodged the optic lobes or rostral 
colliculus (see Figure I). King" mentioned that the brain 
of fowl differs greatly from mammals. The cerebral 
cortex is poorly developed. The rostral colliculus has 
developed into optic lobes. 

The cerebellum was lodged in the cranium, formed by 
parietals and occipital bones. The two parietals formed 
the caudal part of the cranium and were quadrilateral in 
shape (see Figure 1). The cranial surface was smooth 
and concave. Its caudaJ part was directed toward the 
caudal compartment of the cranium and was overlapped 
by the supraoccipital bone. The 2 divisions of the inter
nal surface were separated by a median concave ridge. 
The medulla oblongata, which was lodged within the 
supraoccipital bone and connected with the spinal cord a t 
foramen magnum, was chosen as a site for killing the bird 
in order to loosen the feathers for dry picking l

• The 
occipital bone consisted of basioccipital, exoccipital, and 
supraoccipital (see Figure 1). The 2 halves of supraoc
cipital were joined on its median border, but Lucas and 
Stettenheim des ribed it as a median upraoccipi tal bone6

• 

Above the condyl was a large club-shaped foramen mag
num by which the cranial cavity communicated with the 
vertebral canal. Ventrolateral to the condyl was present a 
hypoglossal foramen to transmit the hypoglossal nerve. 
Slightly below and lateral to the above foramen were 2 
foramen: the medial, which tran mitted the ninth and 
eleventh cranial nerves, and the lateral, which led to the 
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jugular foramen and carotid canal. Subfomical organ and 
organum vasculosum laminae terminalis are the regions of 
the brain that border the ventricle. To create these le
sions, topography of cranial booes is essential. 

Thus, the topography of these cranial bones will pro
vide a suitable site to approach the brain and its associat
ed structures to conduct various research in terms of 
disease diagnosis and allied experiments. 
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Figure 1. Legends: 1. Supraoccipital (A) Exoccipital (B) Basioccipital (C) squamous temporal (F,G) 
optic foramen (H) OlfActory foramen (1). 2. Supraoccipital (A) EXQccipital (B) Basioccipital (C) Fora
men Magnum (D) Occipital condyle (E). 3. Supraoccipital (A) Exoccipital (B) Squamous temporal (C) 
Ethmoid (E) Frontal (F) Sphenoid (L). 4. Squamous occipital (A) Exoccipital (B) Basioccipital (C) 
pituitary fossa (E) petrous temporal (F) Body of sphenoid (G) petrosal crest (1). 5. Right frontal bone. 
6. Right parietal. 7. Internal view petrous temporal bone. 8. Right squamous temporal. 9. Dorsal view 
of sphenoid. 10. Ventral view of sphenoid. 11. Right interorbital plate. 12. Ethmoid with horizontal 
and perpendicular plate. 13. Right parietal internal view. 14. Right post orbital plate. 15. Medial view 
of right squamous temporal. 

IDENTIF1CATION OF MAJOR IMMUNOGENIC PROTEINS 

OF AVIAN REOVIRUS USING 


MONOCLONAL AND POLYCLONAL ANTIBODIES) 


S.K. Reddy, D. Sy, and A.N. Silim 

Section v iro Iogie, Departement de pathologie et microbiologie, 

Faculte de medecine veterinaire, 


Univer ite de Montreal, C.P. 5000, St-Hyacinthe, Que, Canada 115 7C6. 


A simple and improved procedure of radioimmuno anti-lgM, IgG or antibodies fOllowed by the precipitation 
precipitation (RIPA) for the identification of major immu of the immune complexes using Protein A, improved the 
nogenic proteins of avian reovirus using murine mono sensitivity of the RIPA enabling the antigenic analysis of 
clonal (MAbs) and chicken polyclonaJ antibodies is de  the major antigenic proteins of avian reoviru. The re
scribed. An indirect approach utilizing species-specific sults indicated that this virus is more immunogenic in the 
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natural chicken host as compared to BALB/c mice. A 
direct correlation between a strong neutralizing antibody 
response and an increased precipitation of the sigma (0') 
proteins of the virus was observed. The results also 
demonstrated a strong association between the conforma
tional viral epitopes of the 3 classes of proteins, i.e., 
large (X), medium (p.) , and small (0'). 

The tandard techniques of RIPA involve the utilim~ 
tion of bacterial proteins with natural nonspecific activity 
towards the Fc regions of immunoglobulins (Ig). The 
popular commercial reagents are Staphylococcus l1ureus 
protein A and Streptococcus species protein G. Both 
protein A and protein G have been reported to react with 
most mammalian Ig. HOYIever, it is knOYln that both of 
these bacterial proteins possess faint reactivities or do not 
react at aU with mou e IgM or chlcken Ig. Also, these 
proteins fail to immunoprecipitate IgGs with IOYI avidities 
towards the respective viral epitopes. To date, the only 
microorganisms which pos ess Fc receptors fur Ig of 
chicken origin are those expressed on the surfilce of 
Haemophilus somnus and Mycoplasma SYlloviae. H0\V6v
er, these reagents are not yet commercialized for labora
tory use. 

Due to the e obvious reasons, direct addition of pro
tein A to the antigen-antibody complexes do not prove 
useful in the RIPA when antibodies of either polyclooal 
chicken or murine monoclonal (IgM or JgG with low 
avidity) origins are used. However, inclusion of an addi 
tional incubation step, using anti-JgM, IgG, or chicken 
JgG reagent antibodies, followed by the precipjtation of 
immune complexes by Protein A, enabled an appreciable 
immunoprecipitation of virus-specified polypeptides. 
Several interesting observations were made follOYling the 
immunoprecipitation of avian reovirus lysates by this 
improved RIPA method. Distinctly clearer precipitation 

profiJes, as indicated by intense bands representing 0' 

proteins, especially that of uBI, were noticed in the case 
of chicken antisera as compared to those obtained by mice 
antisera. This also correlated with higher viral neutraliza
tion titers obtained by the chicken antisera suggesting the 
putative roles of the 0' proteins in the induction of neutral
izing antibody titers in the host. On the other hand, the 
precipitation of X, jJ. and the other 0' polypeptides did not 
vary signi.ficantly between the antisera wi.th higher and 
lower viral neutralization titers. 

AU MAbs reacted with the viral proteins of the 3 
classes, X, jJ., and 0'. A weak neutralizing MAb A4 was 
able to precipitate oC while nODe of tbe other nonoeutral
iming IgM MAbs used in thls study showed this reactivi
ty. Althougb thi prompted us to speculate that O'C, the 
homologue of 0'1 polypeptide of mammalian reovirus, 
may be the major antigen responsible for virus neutrali7JI.
tion, the data obtained in thls study are not ubstantial 
enough to prove it. It is hence essential to produce more 
potent neutralizing MAbs that can singly precipitate uC of 
avian reovirus. Whether the reactivities of most MAbs to 
multiple polypeptide bands are due to the close association 
between the reovirus polypeptides, as reported in the case 
of p. and s proteins of serotype 3 mammalian reovirus, is 
not clear at present. However, the specificity of the low 
avidity IgM MAbs A17, 626,630, and 668 and neutraliz
ing (lgG) MAb, A4. and finally the hicken antisera 
towards the reovirus was confirmed using the improved 
RIPA procedure. 

I A full length article entitled "Radioimmunoprecipilalion of avian reovi

rus polypeptide. usiqi: virus-specific murine monoclonal (IgM and IgG) 

and clUcken polyclonal antibodies· will he published in Journal of 

Virological Methods (1 993). 

POTENCY TESTING OF MAREK'S DISEASE VACCINES 

CONTAINING CEFTIOFUR SODIUM 


T.R. Scbriemer \ R.D. Chaney", W. SolanoB, J. Cruz-CoyB 

AThe Upjohn Company, Kalamazoo, Michigan 


B"fri-Bio Laboratories, Gainesville, Georgia 


SUMMARY 

Thls study was conducted to investigate the effect of 
ceftiofur sodium (NAXCEL"') OD the protection given by 
Marek's Disease vaccines when included with the vaccin 
at a dose of 0.1 2 mg ceftiofur per day-old chicken. The 
vaccines used were HVT, SB-l, and HVT + SB- l with a 
titer of 1000 pfu per 0.20 mL dose. Treatments included: 
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negative control, positive control; HVT vaccine, 
HVT+ceftiofur; SB - l vaccine, SB -l + ceftiofur; 
HVT + SB-l, and HV'T + SB-l + ceftiofur. The presence 
of Marek's Disease lesions and mortaljty (calculated as 
percentages per treatment) were analyzed statisticaUy. 
The results of thls study indicate that the inclusion of 0.12 
mg ceftiofur in a 1000 pfu dose of Marek's Disease vac 



cine (HVT, SB-l, or HVT + SB-I) per day-old chick bad 
no negative effect on the protection given by the vaccine. 

INTRODUCTION 

Ceftiofur sodium (NAXCEL8), a broad-spectrum 
veterinary cephalosporin, has been fouod to be effective 
both in vitro and in vivo against Escherichia coli which is 
a primary infuctious agent involved in terminal bacterial 
infuctions in young chickens. The approved use of cef
tiofur in chicks i for subcutaneous injection in day-old 
birds for the control of coli bacillosis. In the batchery, 
under practical conditions of use, ceftiofur could be given 
concurrent with Marek's Disease vaccine. In vitro testing 
bas been completed which indicates that ceftiofur bas no 
apparent adverse effects on the vaccine potency. To 
confirm this observation, an in vivo study in the target 
species was conducted. The study was replicated over 
time (rne replicates). 

MATERIALS AND METHODS 

Vaccine. Tri -Bio Laboratories' Marek's Disease 
vaccines were used as foHows: 
HVT (celJ assocjated), titer 1000 pfu/dose; SB-l (ceU 
associated), liter 1000 pfu/dose; 
HVT + SB-l (ceU associated), titer 500 pfu each sero
type/dose. 

Antibiotic. Ceftiofur sodium at a dosage level of 
0.12 mg ceftiofur per chick. 

Housing and UU'ibandry. Tri-Bio Laboratories test 
houses 3.05 x 3.85 m (10 x 12 ft) with individual heating 
and ventilation systems. Birds were placed on new wood 
shavings, fed a commercially prepared chicken teed (Puri
na, St. Louis, MO) and bad water available ad libitum. 

Chickens. One-day old, mixed sex specific pathogen 
and maternal antibody free chickens from Hy Vac Labo
ratory Eggs Co., Gowrie, lA. 
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Method of Vaccination and Challenge. The vaccine 
(with or without ceftiofur) was administered by subcuta
neous injection on the neck region at the dose of 0.2 ml 
per chick. Virus chaUenge was done at five days post
vaccination using a virulent strain of Marek's Disease 
virus, Strain RB-IB (500 pfu/chick) in both replicates of 
the study. 

Observations. All birds were observed twice daily 
for signs of depression. Dead birds were collected daily 
and necropsied ' to determine cause of death . Remaining 
birds were necropsied at the end of the 8 week observa
tion period and examined for gross lesions of Marek's 
disease. The presence of a Marek's Disease lesion in any 
one organ specified was classified as a positive Marek's 
Disease case. 

S1'ATISI'ICAL ANALYSIS 

The presence of Marek's Disease lesions and mortality 
(calculated as percentages per house) were the variables 
of interest. The percentages were transformed using the 
Freeman-Mey double arcsin transfOrmation to satisfy the 
assumptions of tbe analysis of variance. 

RESULTS AND DISCUSSION 

Mortality and lesions were less in all groups receiving 
ceftiofur with the vaccine than in groups receiving each 
respective vaccine without ceftiofur (Table I) . The group 
receiving the HVT + SB-l +ceftiofur had significantly 
fewer lesions (P < 0.05) than the group receiving the 
HVT + SB-l vaccine; but none of the other comparisons 
were significant at a = 0.05. The results of this study 
indicate that the inclusion of 0.12 mg ceftiofur in a 1000 
pfu dose of Marek's Disease vaccine (HVT, SB-l , or 
RVT + SB-I) per day-old chick bad no negative effect on 
the protection given by any of the vaccines. 



Table 1. Mean PeTcenlages and Least Squares Means of Freeman-1\lkey Transformed Percentages of Presence of Marek's 
Lesions and Mortality 

Treabnent Percent with Marek's Lesions Percent Mortality 

Percent Transformed Percent Transformed 

Negative Control 0.0 4.9 0.0 4.9 

Positive Control 81.1 63.7 74.6 59.7 

HVT 6.3 15.1 4.0 10.9 

HVT/Ceft 5.0 14.1 0.0 4.5 

SB-I 13.6 20.6 9.2 5.2 

SB-lICeft 6. 7 16.0 4.6 13.7 

HVT/SB-l 12.9 21.6 6.6 15.9 

HVT/SB-l /Ceft 2.1 8.8 0.0 4.3 

• Significant at P<0.05 

A NEW VIRAL DISEASE OF PIGEONS? PARTICLES 

RESEMBLING CIRCOVIRUS IN THE BURSA OF FABRICIUS 


H.L. ShivaprasadA, R.P. ChinA, 1.S. JeffreyA.·D, 
R.W. NordhausenB, and K.S. Lattimer 

-'California Veterinary Diagnostic Laboratory System - Fresno Branch 
University of California, Davis, 2789 S. Onmge Ave., Fresno, CA 93725 

BCalifomia Veterinary Diagnostic Laboratory System - Davis Branch 
University of California, Davis, P.o. Box 1770, Davis, CA 95617 

CDepartment of Veterinary Pathology, CoUege of Veterinary Medicine 
Universi ty of Georgia, Athens, GA 30602 

Members of the newly formed family Circoviridae these birds had basophilic globules of various sizes, 5 to 
have been implicated in causing Psittacine Beak and 25 p.m in diameter distributed in the cytoplasm of the 
Feather Disease (PBFD) in psitlacines and infectious various bursal roUicular cells. Some of the cells con
anemia in chickens (CAA). Porcine circovirus also be tained so many of these globules as well as large particles 
longs to this fiunily. In this paper we wil1 describe viral that they obscured the ceU architecture. Electron micros
particles resembling circovirus in the bursa of Fabricius copy of the bursa from some of the birds revealed large 
of 10 pigeons. irregular electron dense gray areas in both the cytoplasm 

These pigeons range in age from 4 to 5 months and and nucleus. These electron dense areas contained viral 
both male and female birds were involved. Histologically particles which were icosahedral in morphology and 

99 



ranged in diameter from 15 to 18 Dm. These particles 
were present either loosely arranged or arranged in para
crystalline array. Similar basophilic globular inclusions 
were een in the mononuclear celJs of spleen and cecal 
tonsils of a few pigeons. Similar inclusion bodies have 
been described in the bursa of Fabricius in chickens due 
to chicken anemia agent and in the bursa, thymus, and 
other organs of psittacines due to PBFD agent. 

Most of the pigeons which bad basophilic globular 
celJs in the bursa also had concurrent infections such as 
salmoneUosis, paramyxovirus- l infection, pigeon herpes 
virus infection, hepatic and cerebral trichomoniasis, and 
adenoviru infection. The clinicaJ histories of the birds 
submitted to the laboratory included diarrhea, neurologi 
cal signs, loss of weight, listlessness, lethargy, etc. Most 
of the pigeons which had basophilic globular cells in the 

bursa also had various degrees of lymphoid depletion and 
cyst formation . It i" therefore, possible that this virus 
may cause immunosuppression in pigeons predisposing 
them to a variety of secondary bacterial, parasitic, fungal, 
and viral infections. The pathogenesis of thi virus is not 
known. 

Preliminary studies on the bursa of two pigeons were 
negative for PBFO antigen by using immUDoperoxiciase, 
DNA probe, and PCR techniques suggesting that this 
virus is not related to PBFO agent. Work is underway to 
see if this virus is related to the chicken anemia agent of 
chickens. 

DPresent address: Department of Veterinary Pathobiology, 
College of Veterinary Medjcine, Texas A & M Universi
ty, College Station, TX 77843. 

SOME ASPECTS OF HYPERVITAMINOSIS A IN HENS 

P.P' Surai, LA. Ionov, T.V. Kuklenko, N.l. Sakbatsky 


Research Poultry Institute, Ukraine, 3 L3410, Kharkov Region 


INTRODUCTION 

In chronically intoxicated animals, vitamin A toxicity 
signs include nervous disorders (weakness, hyperirritabiLi 
ty, twitching convulsions, paralysis), skeletal maJforma
tion (especially pontaneou fractures), Liver dysfunction, 
and skin di orders. 1n general, non-ruminants appear to 
be able to tolerate vitamin A at levels of intake equjvalent 
to about 10-fOld their requirements ' . For chickens, it was 
about 8-fold increase above their requirements2• As for 
hypervitaminosis A in adult hens, biochemical changes in 
their tissues were not tudied yet. 

MATERIALS AND METHODS 

Rhode Island Red hens, lO-months-old , were used in 
the study and were kept in their individual cages. There 
were to hens in each experimental hen group. In the first 
and second experiments, 300,000 IU vitamin A/kg of diet 
were used during 90 days. Control diet was supplement
ed by 10,000 ill vitamin A/kg. In the third and fourth 
experiments, 250,000 IU vitamin A per hen a day were 
administered by gavage for 15 10 25 days. 

Biochemical tissue characteristics were determined 
according to the methods described elsewberel

. 

RESULTS 

Tbe results of the first and second experiments indi 
cated that a 30-fuld increase of vitamin A lD the hen's 
diet significantly decreased egg yolk carotenoids (from 
14.41 to 4.11 rokg/g) and vi tamin E (from 189.9 to 93.6 
mkg/g) levels. At the end of experimental period, the 
vitamin E concentration in the hen's liver decreased as 
well (from 12.6 to 4.3 rokg /g). 

Vitamin A was accumulated in the egg yolk (from 
6.36 up to 49.6 mkg/g) and liver (from 1595. ( up to 
15463.9 mkg/g). 

Using a 30-fold increase of vitamin A in the ben's 
diet, it was impos ible to find any hypervitaminosis A 
signs. 

Vitamin A wa more toxic in the third and fuurth 
experiments. Using a 21O-fbld vitamin A dose, it was 
possible to observe clinical igns of hypervitaminosis A 
after 4 to 6 days of vitamin A reeding. It was observed 
that hens had either one or both eyes stuck closed, proba
bly due to drying out of the crusty exudate when the eyes 
were closed during the period of inactivity. Forced open
ing of the eyelid everal times a day made it possible for 
chlcks to see and start eating. The eyelids and comers of 
the mouth were reddened. 
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Clinical signs of hypervitaminosis A in bens were 
similar to those described by others for broilenr: anorex
ia, conjunctivitis, and inflammatory lesions of the nares 
and mouth. 

Egg production decreased very rapidly and after 2 
weeks it terminated. The last egg was layed on day 13 of 
the experiment. 

Egg yolk vitamin A concentration increased gradually 
from 4.7-5.4 mkg/g at the beginning of the experiment up 
to 9.7-12.9 mkg/g after 4 days of vitamin feeding, 35.6 
37.9 mkg/g after 7 to 10 days of feeding, and 58. 3-60.8 
mkg/g at the end of the experiment. 

Egg yolk carotenoids level decreased from 21.5-26 .5 
mkg/g at the beginning of tbe experiment to 11.8-12.4 
mkg/g after 7 to 9 days of feeding, 6.6-6.8 mkg/g after 
10 to 11 days of feeding, and 3.6-3.7 mkgl g at the end of 
the experiment. 

Vitamin A accumulated in the liver. After 11 to 13 
days of feeding, the liver vitamin A concentration was 
5145.6-6750.0 mkg/g; after 15 days of the experiment, 
10562.5 mkg/g and at the end of the experimental period, 
12000 mkg/g. 

In the other tissues, vitamin A concentration increased 
as well. At the end of the experiment, in the kidney it 

was about 632-836 mkg/g, in the spleen 30.8-60.3 mkg/g, 
in the heart 25.3-40.0 mkg/g, and in the brain, 6.0-13.3 
mkg/g. 

The hens fed 250,000 IU vitamin A per day had a 
significantly (P < 0.001 ) loo.ver rate of liver mitochondria 
phosphorylation and ratio ADP/Q In the mitochondria 
isolated from the hen's livers of the experimental group, 
the succinate debydrogenase and cytochrome oxidase 
activities decreased as well. 
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GIARDIASIS IN A BUDGERIGAR 

Donald L. SingletaryA and Kathleen Koche~ 
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INTRODUCTION 

Giardiasis is caused by an intestinal protozoan para
site. It is the most common flagellate fuund in animals 
and birds I0 • A single species, Giardia illtestillalis , is 
responsible for i.nfucting a wide variety of animals includ
ing man I , Commercial poultry (chickens, turkeys, and 
game birds) are apparently resistant to clinical infection . 
The parasjte does. however, cause serious health prob
lems in budgerigar and cockatiel aviaries. Except in 
budgerigar fledglings, mortality is rare7

•
9 

• In California, 
approximately 50 % of the budgerigars and cockatiels are 
believed to be infucted with giardia6

• Recovered birds 
may be carriers of the parasite and thus act as a source of 
infection to pen mates7

• Transmission occurs directly via 
the fecal-oral route by ingestion of infuctive giardjal 
cystsM , 7 • 

LOl 

Although a single species causes disease in a number 
of different animals, wono is has not been clearly estab
Lished l

• 

The following report describes a case of giardiasis 
djagnosed by examination of tbe Gram stain of a swab of 
cloacal contents smeared on a glass microscope slide. 

HISTORY AND CASE REPORT 

A local veterinary practitioner, Dr. Kocher, examined 
a ~ 6 month old budgerigar on Sept ruber 22, 1992. 
The owner complained that the bird was sneezing bad a 
stained vent, and bad perched abnormally since its pur
cha e three months previously. Physical examination 
rev~ed the bird to be alert and aelive, but slightly 
fluffed. Mild tail bobbing was evident. The bird was 
slightly thin with a prominent keel. The feathers above 



5the cere were wet and matted. The droppings were of distort the cysts, making them uorecogni:zablel• • Because 
normal consistency. The abnormal perching was attribut
ed to mild weakness. 

Dr. Kocher submitted a glass microscope slide to the 
Animal Diagnostic Laboratory, Pennsylvania State Uni
versity containing a smear of a cloacal swab from the 
budgerigar. A Gram stain was requested. 

ElUImination of the tained sljde revealed numerous 
Gram-negative, tennis racquet-shaped organisms. The 
organisms were identified as giardial trophozoites. A 
fresh dropping was requested. A direct smear of it was 
prepared in saline and examined-. Agai.n giardial tropho
miles were seen as weB as an occasional cyst, thereby 
confirming the diagnosis of giardiasis. 

The bird was treated with flagyl (metronidazole) 1.5 
mg dose daHy for 5 days, and 3 weeks later, the treat
ment was repeated. A fotlow-up microscopic examination 
of a dropping on November 12, 1992 fu.iled to reveal any 
giardial trophozoites or cysts. On December 7, 1992, the 
owner reported that the bird -was active and in good 
health. It was eating, had normal droppings and had 
stopped sneezing. 

DISCUSSION AND SUMMARY 

A diagnosis of giardiasis can be easily and quickly 
accomplished by microscopic examination of a Gram stain 
of fecal material (dropping, cloacal swab). The trophozo
ite stains pink and has a characteristic sbape (pirifurm)2.3 • 

The budgerigar responded mvorably to treatment. 
Other laboratory procedures for detecting giardia 

include the direct smear, flotation, and an enzyme-linked 
immunosorbent assay (ELISA)s. In the direct smear 
technique, a tiny amount of a fresh dropping is mixed 
with physiologic saJine on a microscopic glass slide and 
elUImined for the rapid movement of the giardial tropho
zoite!·7. The motion looks like a leaf falling or a leaf 
tumbling in a stream. (The dropping must not be refrig
erated, frozen, or several hours old, or the motility of the 
trophozoites will not be observed I). Reducing the light 
intensity 00 the microscope aids in eeing the transparent 
trophozoite' . While adding a drop of 2 % Lugol's iodine 
kills the trophozoite, the structural details of the trophozo
ite and cyst are made easier to see l

•
9

• Nevertheless, 
giardial cysts are difficult to identify with this techniqoe 
because of their lack of movement and smaU size l

• If 
trophozoites are not identified in a direct smear, then 
further tests for cysts can be conducted. 

A concentration procedure using a zinc sulfitte flota
tion technique i the preferred method for detecting giar
dial Cysts l

•
4
,5. Other types of test solutions (sugar, salt) 

cy: t shedding occurs sporadicalJy, several examinations 
for cysts should be made I.6•7 • 

An ELISA (antigen detection) is available but does not 
offer any ignificant advantages over the current laborato
ry procedures used to detect giardjal

•
4

• The ELISA is 
costly and technically difficult compared to other labora
tory procedures used to identify giardiaJ trophozoites and 
cysts'. 

A trichrome stain is recommended for studying the 
internal structures and detail of the giardia I trophozoite 
and cyst6.!o. 
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ISOLATION AND IDENTIFICATION OF 

AVIAN BRONCIDTIS VIRUSES IN MEXlCO-1992 


M.A. Quiroz\ A. RetanaB
, and M. Thmayoc 

ADepto. Prod. Animal Aves FMVZ UNAM 

BDepto. de Virologia FMVZ UNAM 


Clntervet Mexico, S.A. de C. v. 


Between January and October 1992, 18 suggestive positive antisera against Newcastle disease virus and were 
cases of infuctious bronchitis (lB) were studied . Sixteen negative for IB antisera. 
of them were from broiler farms and 2 from layers. The Cross virus serum neutrali2ation tests with Arkansas, 
suggestive cases were from different parts of the c untry. Massachusetts, and Connecticut were made by the Aim 

From the 18 cases, 10 were positive for c ronavirus. method (constant sera-diluled virus) in 9- to ll-day-old 
Five of the isolates were shown by hemagglutination and SPF chicken embryos. From these tests, 8 of the isolates 
hemagglutination inhibition tests to be vaccine strains of were shown to be Massachusetts, 1 to be Arkansas, and 
the Newcastle disease virus; they were neutral ized by one not determined. 

ELISA ANTIBODY DETECTION AS A RELIABLE TOOL 

FOR THE DIAGNOSIS OF SALMONELLA ENTERITIDIS 


Barend van Dam 


IDEXX Laboratories, One Idexx Dr., Westbrook, ME 04092 


Salmollella enteritidis i an increasingly important 
pathogen of poultry. It bas been isolated from broiler, 
breeder and commercial egg laying Bocks. In add ition to 
cau ing disease in poUltry , S. enteritidis continues to be 
implicated in many cases of human food poisoning 
through the consumption of eggs, food containing eggs, 
or contaminated meat. 

Monitoring flocks fur S. enteritidis is typically accom
plisbed via bacteriological or serological method. D is
advantages of bacteriological examination are that it is 
labor intensive and time consuming. Detection of the 
organism is further complicated because bacterial excre
tion can be intermittant and antibiotics in the sample can 
inhibit bacterial growth. Disadvantages of serological 
methods, such as agglutination tests, are a lack of sen i
tivity and a lack of specificity. For this reason, a highly 
specific and highly sensitive test which is su itable for high 
volume testing has been developed. 

Sensitivity. The sensitivity of the test has been estab
lished by orally infect ing known negative chickens at 2 
days of age. Seroconversion of all birds was detected 
within 1 days of exposure to S. enteritidis. 
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Specificity. Specificity of the test is ensured by the 
choice of the antigen used. Unlike other serologial meth
ods which mostly use lipopol)S8ccharides (LPS or somat
ic) as an antigen, this ELISA is based on flagellar anti 
gen. The advantage over LPS is shown in Table 1. 

As shown in Table 1, the somatic (or LPS) antigenic 
sites of S. enteriJidis are present in salmonellae of both 
the B and the D group. The dagellar antigenic site (g,m) 
is only present in S. enteritidis. 

In a trial with over 1100 breeder flocks where an 
ELISA with the same characteristics had been compared 
to culture, none of the flocks were missed and none of 
the Bocks were falsely labelled as positive by the ELISA 
test. There were Bocks which tested negative on culture 
and positive on EUSA , but further culturing of these 
flocks revealed the presence of S. enteritidis. 

In summary, the ruSA should be considered for 
screening poultry fiocks for the presence of S. enteri/i
dis. When used in conjunction with culture as the confir
matory lest, it should prove to be a reliable method to 
detect positive flocks in a large pouJtry population . 



Table 1. The types of flagellar and somatic antigens of various salmonellae. 

Antigens 

Serovar Group Somatic Flagellar 

heidelbeJg B 1, 4, 12 r 

agona B 1, 4, 12 f, g, S 

derby B 1, 4, 12 f, g 

typhimurium B 1,4, L2 

kingston B 1,4, 12, 27 g. s, t 

gallinarum-pullorum D I. 9, 12 

enteritidis D 1,9, 12 g. m 

berta D 1, 9, 12 f, g, t 

panama D 1,9, 12 I, v 

RODENT CONTROL IN POULTRY FACILITIES 

Dick Rossow 

Purina Mills Inc., 1125 Paulson Rd., Turlock, California 95380 

This slide set is intended to provide infurmation in the Purina Health Industries Researcb Unit at Gray Sum
such a manner as to allow: 1) a high level of competency mit, Missouri as well as numerous field experiences. It 
regarding the seriousness of rodent-related problems, and also includes recommendations developed through exten
2) an understanding of how to establish an effective ro sive use of infrared videograpby which allowed careful 
dent control program. It incorporates knOYJledge acquired observation of rodent activity in the most natural circum
through research activitie s conducted at stances. 
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