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ABSTRACT 
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1n March 1978, a number of turkeys with severe respiratory symptoms affecting over 80 % of the 
flock were investigated for a possible causative agent. Wtth the standard techniques used for the isola­
tion of bacteriae. mycoplasmae and viruses, only Mycoplasma gallisepticum, Mycoplasma meleagridis 
and Newcastle disease vtrus were isolated. Tracheal organ cultures were subsequently prepared from 27-
day-old turkey embryos and inoculated with sinus exudate from affected turkeys. After an incubation 
period of 4 days a virus was isolated with which the typical symptoms, as observed in the field. could be 
reproduced in susceptible turkeys after 3-5 days. Following primary isolation in tracheal organ cultures. 
the virus grew readily in embryonated eggs and Ycro cells. With the electron microscope. virus-like 
particles, varying in size from 40 nm-500 nm, were observed, having a pleomorphic shape and studded 
with fine surface projections. The virus seems to fall into the family Paramyxoviridae . A vaccine pro­
duced from attenuated virus in embryonated eggs afforded good protection against mortalities due to 
airsacculitis that normally follows on to turkey rhinotrachcitis infection. The serological and clinical 
effects of the virus on chickens arc also reported on. 

INTRODUCTION 

In March 1978, turkeys with respiratory symptoms 
were received from an integrated turkey operation. 
Clinically, the disease started from 7-14 days of age 
with sneezing followed by rales and a watery nasal 
discharge . As the disease progressed the discharge 
became thicker and eventually blocked the nares, 
causing the birds to breathe with an open mouth. 
The sinuses also soon became distended with exu­
date. On farms most turkeys died from Escherichia 
coli airsacculitis which followed the initial respira­
tory symptoms. The disease was highly contagious, 
with morbidity usually over 90 % and total mortali­
ties in many instances going up to 30 %. Treatment 
with antibiotics for the secondary bacterial infections 
had limited success. 

In 1975, Blalock, Simmons, Muse, Gray & 
Derieux reported on one of the viruses isolated in 
1971-1972 from turkeys with respiratory symptoms. 
Morbidity in these flocks were as high as 80 % but 
with only 2 % mortality. With an uncloned 
adenovirus isolated in embryonated eggs via the 
allantoic sac route, they were able to reproduce clin­
ical symptoms in 100 % of the infected turkeys with 
a 50 % mortality in 1973, but in 1975 they could 
produce only mild symptoms with the original un­
cloned and cloned virus. Simmons, Miller, Gray, 
Blalock & Colwell (1976) also reported on a respira­
tory disease in turkeys with a morbidity rate of 
30-50 % and mortalities between 4--6 %. Since no 
susceptible turkeys were available the pathogenicity 
of this adenovirus isolate could not be established. 

In 1978-79, a respiratory disease occurred on 
farms in Israel. Characteristic symptoms were mild 
rales to severe respiratory distress, including nasal 
discharge, sinusitis, conjunctivitis and pneumonia. 
Morbidity reached 100 %, with mortalities between 
5 % and 90 %. A haemagglutinating yucaipa para­
myxovirus was isolated which serologically seemed 
to be associated with the disease in turkeys (Lipkind, 
Weisman, Shikmanter, Shoham & Aronovici, 1979). 
In 1979, Simmons, Gray, Rose , Dillman & Miller 
reported on the isolation of a bacterium with which 
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they were able to reproduce rhinotracheitis. The 
causative agent was originally identified as Alcali­
genes faecalis , now called Bordetella avium. 

In June 1985, an acute and rapidly spreading res­
piratory disease of turkeys, designated turkey rhino­
tracheitis (TRT), appeared in England and Wales 
(Anon. , 1985). Subsequently, McDougall & Cook 
(1986), Wilding, Baxter-Jones & Grant (1986) and 
Wyeth, Gough, Chettle & Eddy (1986) isolated a 
highly pleomorphic virus which was thought to be an 
orthomyxovirus or a coronavirus (McDougall & 
Cook, 1986). Wyeth et al., (1986) suggested itto be a 
member of the Paramyxoviridae family. Jones. 
Baxter-Jones, Savage, Kelly & Wilding (1987) were 
able to produce mild clinical signs in 3-week-old 
broilers , but could not re-isolate the virus. Serologi­
cally infected and contact birds developed antibodies 
against TRT as determined with the enzyme-linked 
immunosorbent analysis (ELISA) test. When day­
old specific pathogen-free (SPF) chickens were in­
fected, mild respiratory signs developed between 4 
and 7 days and the virus could be re-isolated. 

In this article, a more detailed account of the ini­
tial report on the isolation of a viral agent designated 
91/78 causing turkey rhinotracheitis (Buys & Du 
Preez, 1980) in South Africa is given. Furthermore. 
in view of the findings with chickens in the United 
Kingdom, we decided-
(a) to repeat our work in broilers. SPF chickens 

and turkeys 
(b) to observe the growth of the virus in Vera cells 

and confirm its presence by means of electron 
microscopy 

(c) and with the assistance of Dr P. Wildin~ to in­
vestigate the presence or absence of anttbodies 
against TRT m commercial broilers and broiler 
breeder flocks. 

MATERIALS AND METHODS 

Samples of sinus exudate were collected from tur­
keys wtth rhinitis and sinusitis symptoms for the fol­
lowing isolation procedures. 

Mycoplasma isolation 
Sinus exudate was streaked onto C-agar (Chat­

quest, 1962) and inoculated into Frey's Medium No. 
4 (Frey. Hanson & Anderson. 1968). Indentification 
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of mycoplasmae was done by means of direct im­
muno-fluorescence with monospecific sera (Buys, 
1976). 

Bacteriological isolation 
Sinus material was streaked onto blood tryptose 

agar (10% horse blood) and McConkey's agar. 

Virus isolation 

Embryonated SPF eggs 
Sinus material was collected and mixed with clean­

ing fluid containing penicillin, streptomycin, neomy­
cin and fungizone. This was inoculated into embryo­
nate:d specific pathogen-free (SPF) eggs via the fol­
lowmg routes: 
(a) Allantoic 9-day-old embryo-

(b) Yolk sac 

(c) Chorioallantoic 
membrane 

(d) Intravenous route 

nated eggs 
6-day-old embryo-

nated eggs 
10-day-old embryo­

nated eggs 
12-day-old embryo­

nated eggs 
Since a lentogenic Newcastle disease strain was 

consistently isolated from all samples, it was decided 
to passage sinus material through susceptible tur­
keys. For this purpose, day-old poults were received 
from a commercial hatchery and raised in filtered 
air-positive pressure (F APP) isolators. 

At 2 weeks of age sinus material was inoculated 
into the infraor~i~al sinus of 10 poults. These turkeys 
were then sacnftced as soon as a nasal discharge 
appeared. Their sinus exudate was then inoculated 
into the ~nfraorbital sinuses of the next group of tur­
keys. This procedure was repeated for a third time. 

The sinus material from the 3rd passage was har­
vested and diluted 1:1 with phosphate buffered 
saline without any antibiotics and stored in small 
aliquots in liquid nitrogen (N2). These aliquots were 
then used as follows: 
(a) The sinus exudate was filtered trough a 0,22 Jlm 

pore-size filter. This material was then inoc­
ulated into the infraorbital sinuses of 3-week­
old turkeys, SPF White Leghorns and commer­
cial broilers raised from day-old in F APP isola­
tors. 

(b) The ~in us exuda!e was mixed with cleaning fluid 
and mocul~ted mto embryonated SPF eggs via 
the all~nto1c sac route, yolk sac route, chorio 
allantOic membrane route and the intravenous 
route. Eggs were can?led daily and after 7 days 
the embryos were chtlled at 4 oc and allantoic 
fluid, yolk material, chorio allantoic mem­
branes and embryo livers harvested for further 
inoculations. This procedure was repeated 3 
times, after which the different samples har­
vested as 3rd generation material were inoc­
ulated into the infraorbital sinuses of suscepti­
ble 3-week-old turkeys. 

Tracheal-ring organ cultures (TROC) 
TROC were prepared from 27-day-old turkey em­

bryos according to the method described by Cherry 
& Taylor-Robinson (1970). Organ cultures were left 
for 48 h before use. For tracheal organ cultures 
Eagle's basal medium with 200 units of penicillin, 0,2 
mg streptomycin, 0,002 mg fungizone per ml' and 
0,05 ml' N-2-hydroxyethylpiperazine-N-2-ethanesul­
phonic acid (HEPES) buffer was used. The pH of 
the medium was adjusted to 7,0 with 0,2 M NaOH. 
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The TROC cultures were inoculated with sinus 
exudate diluted 10-1 in cleaning fluid as follows: 

The medium was poured off, then 0,1 ml' of the 
sinus exudate mixture was added to each tube and 
kept in an upright position for 30 min to bring about 
adsorption. Fresh medium was then added and the 
organ cultures again placed in a roller drum and in­
cubated at 37 oc. Organ cultures were examined for 
signs of ciliostasis on a daily basis. 

Whenever egg material was inoculated onto organ 
cultures it was diluted 10- 1 in HEPES buffered 
Eagle's medium. After adsorption the medium was 
poured off and flushed twice with fresh medium be­
fore the final medium was added to the organ cul­
tures. 

Organ culture material was serially passaged 26 
times in tracheal rings. Titrations of the growth of 
the virus in TROC were done on generations(#) 
2, 10, 19 and 22. The TROC ID50 end-point of the 
titrations were determined by means of the Reed & 
Muench method (1938). The 12th organ culture pas­
sage was inoculated into embryonated eggs via the 
chorio allantoic membrane, the allantoic membrane, 
and yolk sac route. Chorio allantoic membranes, al­
lantoic fluid and yolk sac material were harvested 
from the different routes. These materials were ti­
trated in tracheal organ cultures and susceptible tur­
keys were challenged. The chorioallantoic route was 
then selected to further passage the virus in embryo­
nated eggs. 

Tissue cultures 
Vera cell monolayers were initially inoculated 

with chorio allantoic membrane material. A further 
limited number of serial passages were then done on 
Vera cells. The same medium as for tracheal organ 
cultures without the HEPES buffer was used. For 
the initial growth of the cells to a monolayer 5 % calf 
foetal serum was added. Thereafter no serum was 
subsequently added to the medium. 

Chorio allantoic membrane material with dilut­
ions 10- 1-10-3 in Eagle's medium with antibiotics 
added was used to inoculate Vera cell monolayers. 
After an adsorption period of 30 min, the super­
natant was poured off and the cell cultures flushed 
twice with medium before the final medium was 
added to the cells. The tubes were then placed in a 
roller drum and incubated at 37 oc. The cells were 
examined daily. Vera cell passages 2, 3 and 5 were 
inoculated into 4-week-old turkeys. 

For electron microscopy Vera cells in 25 ml' flasks 
were each infected with 1 ml' of either a 10-2 or w-3 

dilution of the virus. 

Electron microscopy 
Growth medium from the tracheal rings was cen­

trifuged for 30 min at 50 000 g. The supernatant was 
discarded and the pellet was resuspended in a small 
amount of 0,002 M Tris-HC1 buffer. Small droplets 
of 3 % phosphotungstic acid (pH 6) and the virus 
suspension were mixed on a wax surface and a car­
bon-coated formvar grid floated onto this mixture 
for 15 s. The grid was removed and excess fluid 
drained onto the edge of filter paper. Grids were 
examined in a Siemens Elmiskop 102 electron mi­
croscope. The diameter of particles and surface pro­
jections were measured with a Nikon profile projec­
tor. 

Negative staining was performed on virus-infected 
Vera cell tissue cultures, showing at least 75 % af­
fected cells. Cells were scraped off and centrifuged 



at 1 000 g for 15 min, The supernatant was discarded 
and the cell pellet gently suspended in distilled 
water. This suspension was stained as above. 

Cell cultures, intended for sectioning, and show­
ing at least 50 % affected cells, were fixed by adding 
to the medium an equal volume (about 7 mt) of 3% 
glutaraldehyde (GA) in Millonig's phosphate buffer, 
pH 7,2 at room temperature. After 5 min this mix­
ture was poured off and replaced with 5 mt GA, and 
the cell layer was gently scraped off and centrifuged 
for 5 min at low speed. The pellets obtained were 
collected in capillary tubes and centrifuged in a hae­
matocrit centrifuge. They were further processed by 
standard procedures for embedding in T AAB 812 
resin. Thin sections were stained with uranyl acetate 
and lead citrate. 

Haemagglutination test 
Chicken, goose, guinea-pig and sheep red blood 

cells at a concentration of 0,5% were made in Vero­
na! buffer. Twofold dilutions (50 jJI) of the virus was 
made in microtitre plates and 50 jJI of the red blood 
cell suspension was added. The cells were then kept 
at 4 °C, 22 oc and 37 °C. Those at 4 oc were kept for 
24 h, and the cells at 22 oc and 37 oc for 3 h and 1 h 
respectively before agglutination, if any, were re­
corded. 

Challenge of susceptable turkeys 
Turkeys raised from 1-day-old in F APP isolators 

were used from the age of 2 weeks onwards. Poults 
were challenged with filtered sinus exudate, mace­
rated chorio allantoic membrane, egg yolk material, 
organ culture supernatant and Vero cell-propagated 
material. The right sinus of each bird was inoculated 
with 0,1 mt of the appropriate material. Absence or 
presence of a nasal discharge was confirmed by pres­
sure on the nostrils. Each group of birds were 
housed in F APP cabinets. 

Vaccine preparation 
Embryonated SPF eggs were inoculated via the 

chorio allantoic membrane route with the lOth, 17th 
and 24th egg passage material. Eggs were candled 
daily and after 7 days' incubation all the remaining 
embryos were chilled in a refrigerator. The chorio 
allantoic membranes were collected, mixed with an 
equal amount of phosphate buffered saline pH 7,2, 
then homogenized and frozen in liquid N2 in 10 mt 
volumes. 

Different vaccine trials were then performed. In 
the first 3 trials the birds were housed in a controlled 
environmental house with gas brooders, tube feed­
ers and fountain drinkers. The house was subdivided 
into 24 pens. Each group consisted of 6 pens of 
which half were stocked with males (180 each) and 
the other half with females (250 each) which were all 
randomly distributed throughout the house. The 
mass of the turkeys were determined at 3, 4, 6 and 8 
weeks, mortalities were recorded daily whereas feed 
consumption was measured weekly. 

Vaccine Trial I 
CAM#lO material was used as vaceine. Each 

group consisted of 1 290 day-old poults. 

Group 1. 

Group2. 

Poults were vaccinated subcuta­
neously at day-old with 0,1 mt 
of the material. 

Poults were vaccinated at day-old 
via the cloaca by means of a 
drop of vaccine of about 0,05 
mt. 
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Group 3 & 4. Unvaccinated control groups. 

Vaccine Trial2 
CAM#l7 material was used as vaccine. Each 

group consisted of 1 290 day-old poults. 
Groups 1 & 3 were vaccinated at day-old via the 

cloaca by means of a drop of vaccine of about 0,05 
mt. 

Groups 2 & 4. Unvaccinated control groups. 
At 14 days of ape all 4 groups were treated with 

Linco-Spectin 100 (100 g/160 I of drinking water) 
for 5 days. 

Exposure experiment for vaccine Trial2 
At 6 weeks of age 25 females of groups 1-4 and 10-

day-old susceptible poults (Group 5) were chal­
lenged via the right infraorbital sinus with 0,1 ml of 
isolate 91/78 (TROC#20). Poults were checked 
daily for nasal discharge by means of pressure on the 
nostrils. 

Vaccine Trial3 
CAM#24 material was used as vaccine. Each 

group consisted of 1 290 day-old poults. In each pen 
10 % of the poults were inoculated at day-old via the 
cloaca by means of a drop of vaccine of about 0,05 
mt . Groups 1 and 3 were treated with Linco-Spectin 
100 (100 g/1601 of drinking water) for 5 days, start­
ing at 15 days of age. Groups 2 and 4 were left unme­
dicated. 

Exposure experiment for vaccine Trial3 
The five groups consisted of: 

(1) Fifty poults from Group 1, 
(2) Fifty poults from Group 2, 
(3) Thirteen susceptible 4-week-old poults, 
(4) Twenty-eight susceptible 4-week-old poults and 
(5) Thirty susceptible day-old poults. 

Each group was marked and all the turkeys were 
kept on shavings in a large pen in a F APP room. 
Only Groups 3 and 5 were challenged with 0,1 mt 
isolate 91/78 (TROC#l3) into the right infraorbi­
tal sinus. Poults were daily checked for nasal dis­
charge by means of pressure on the nostrils. 

Postmortems were also done on all poults that 
died during the 14-day observation period. 

Field Trials 
CAM# 17 was used to vaccinate 5 flocks of tur­

keys each consisting of 10 400 day-old poults. Again 
only 10 % of the flock were vaccinated at day-old via 
the cloaca by means of a drop of vaccine of about 
0,05 mt. Each flock was treated at about 15 days of 
age with Linco-Spectin 100 (100 g/160 I drinking 
water) for 5 days. The mortalities in these 5 flocks 
were compared with 6 flocks ( 46 500 poults in total) 
that did not become infected with TRT and 6 flocks 
(67 620 poults in total) that naturally became in­
fected With TRT. From 1 of the vaccinated flocks a 
number of poults were taken at 4 weeks of age to be 
challenged by contact exposure. 

Exposure experiment for field trial 
The 6 groups consisted of: 

(1) Nineteen susceptible 4-week-old unvaccinated 
turkeys , 

1 Upjohn (Pty) Ltd ., P.O. Box 246, Isando 1600 
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(2) Nine susceptable 4-week-old unvaccinated tur-
keys, 

(3) Ten susceptible day-old poults, 
( 4) Twenty-five 8-week-old turkeys from a flock 

that recovered from a natural outbreak of TRT 
at 2 weeks of age, 

(5) Eight 3-week-old poults that had recovered from 
a challange with 91/78 (TROC#20) at day old 
and 

(6) One hundred 4-week-old turkeys vaccinated at 
day-old with 91/78 CAM#17. 

Each group was marked and all the turkeys were 
kept on shaving in a large pen in a FAPP room. 
Groups 2 and 3 were challenged with 0,1 mf of iso­
late 91/78 (TROC#20) into the right infraorbital 
sinus. 

Convalescent serum 
Turkeys, SPF and broiler chickens were raised in 

isolation from day-old up to 4 weeks of age. All the 
birds were then bled and infected with the isolate 
designated 91/78 that was in its 6th egg passage via 
the chorio allantoic membrane route. Symptoms 
were recorded and after 21 days all the turkeys and 
chickens were bled. After separation of the sera 
from the clot the sera were centrifuged and filtered 
through a 0,45 J.!m pore size filter into sterile vials, 
and frozen. 

These sera were sent to Dr P . Wilding, British 
United Turkeys (B.U.T.), United Kingdom for the 
determination of antibodies against TRT by means 
of the ELISA test. End of cycle bleeds from broiler 
breeders (1979 onwards) and broilers (1981 on­
wards) were also analysed by B.U.T. by means of 
the ELISA test for antibodies against TRT. 

RESULTS 

Field cases 
Fig. 1 a & b shows typical field cases of TRT with 

swollen infraorbital sinuses and blocked outer nares, 
causing the birds to breathe through their mouths. 

Mycoplasma isolation 
M. gallisepticum and M . meleagridis were isolated 

from the original sinus exudate material. Isolations 
done on sinus material after 3 passages through 
poults were negative for mycoplasmae. 

Bacteriological isolation 
Apart from E. coli no other specific pathogenic 

bacteria could be isolated. 

Virus isolations 
The sinus material collected from field outbrakes 

of TRT were consistantly found to be contaminated 
with lentogenic Newcastle disease vaccine virus. 
After this material was passaged 3 times through 
susceptible turkeys it was found to be free from 
Newcastle disease virus. After 3 passages through 
SPF eggs via the different routes, no specific changes 
were observed in the embryonated eggs. The egg 
material harvested from the 3rd passages of the dif­
ferent routes was inoculated into susceptible turkeys 
without any symptoms developing. 

Tracheal organ cultures 
Tracheal organ cultures were observed daily for 

cilia movement. After 4 days very slight ciliostasis 
were found in small localized areas. This was fol­
lowed by focal areas of complete stasis and after 6 
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FIG. la A turkey poult with typical TRT symptoms. Notice the 
swelling of the infraorbital sinus below the eye 

FIG. lb Notice the nasal discharge blocking the nostrils 

days, more than 75 % of the circumference of the 
tracheal ring showed ciliostasis. 

This material was serially passaged in organ cul­
tures ur to the 26th passage. The results of the titra­
tions o the virus in TROC are given in Table 1. 

TABLE I The results of titrations in tracheal ring organ cultures 
of the virus causing TRT 

2 
10 
19 
22 

Generation TROC ID,Jmf 

((}'·" 
10"·' 
10"-' 
10"·' 

Material from the first up to the 26th passage was 
able to produce clinical symptoms in turkeys within 
4-5 days. 

Embryonated egg passages 
Titrations in tracheal organ cultures of material 

harvested from the different passage routes in 
embryonated eggs yielded the following titres. 
(expressed as TROC ID5ofmf ): 
(a) Chorioallantoic membrane 1035 

(b) Yolk material103.f' 
(c) Allantoic fluid 102

·
5 

All 3 samples also induced clinical symptoms in 
susceptible turkeys. Up to the 25th blind passage via 
the chorio allantoic route no changes could be ob­
served in the embryonated eggs. 

Growth on Vero cells 
A 9th embryo passage virus isolate was inoculated 

onto Vera cells at dilutions ranging from 10°- 10- 6
• 

On the 5th day disseminated focal areas of cells 
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FIG. 2a Normal uninfected Yero cells 
FIG. 2b Vero cells infected with isolate 91178 showing areas of cell necrosis and syncytia formation 
FIG. 2c Infected Vero cells showing large syncytia and areas with cell necrosis 
FIG. 2d More advanced stage of cell necrosis with several small syncytia noticeable 

rounding off were seen. These were followed by 
small syncytia forming on the 6th day, and on the 7th 
day large areas were transformed into syncytia. With 
further passages syncytia could already be found on 
the 3rd day (see Fig. 2 a , b, c & d). 

Haemagglutination 
The virus was not able to haemagglutinate 

chicken, goose, guinea-pig or sheep red blood cells 
in a buffer at pH 7,5 . 
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Electron microscopy 

(a) Negative staining 
Material from the 3rd organ culture passage as 

well as viral suspensions of Vera cell cultures was 
used. Various virus-like particles were observed, 
having a pleomorphic shape and studded with regu­
larly spaced fine surface projections, measuring 
about 14 nm in heigth . No clear symmetry could be 
observed. Although negatively stained particles 
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b 100nm 

FIG. 3a & b Virus particles present in tracheal organ culture supernatant of cultures infected with the agent causing TRT. The particles 
are extremely pleomorphic forming bizarre shapes and filamentous forms. They clearly show the distinct fringe or surface 
projections. The inset shows a thin ribbon-like structure which does not resemble the typical nucleocapsid helix structures 

seem to rupture easily, no internal nucleoprotein 
helixes (herring-bone structures), similar to that of 
Newcastle disease virus, were released from the 
particles or could be observed within mature virus 
particles. The virus-like particles varied considerable 
in size from 40 nm to 500 nm (Fig. 3a & b). In negati­
vely stained preparations of Vero cell tissue cultures 
virus particles were observed having more quasi­
spherical shapes (Fig. 4a) as well as forming com­
plexes up to several micrometres in size. Although 
better definition of the virus particles with their fine 
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surface projections were obtained (compare Fig. 3 & 
4a) they were still difficult to discern with negative 
staining. 

(b) Sections ofVero cell tissue cultures 
Various developing forms of the virus were ob­

served in thin sections as accummulation of virus 
nucleoprotein (electron dense material) on the 
plasma membrane changing it to a more electron 
dense complex. It then matures and buds through 
the plasma membrane (Fig. 4). 
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FIG. 4 Composite micrograph showing various forms of TRTV in Vero cell tissue cultures 

(a) Negative staining 
The distinct fringe is clearly visible on the filamentous and semj-spherical forms. Note 100 nm = 0, l J.lm. 

(b) Viral nucleoprotein accumulated on the cell membrane as well as 4 virions or a single pleomorphic virion in the process of 
budding from the plasma membrane 

(c) (d) , (e) & (f) Various stages of the budding process as well as the formation of filamentous forms along and outside a region 
of a cell surface. Note fine fringe on budding virions. 

Results of chicks and poults challenged with sinus 
exudate and isolate 91178 

After 3 passages in 14-day-old poults the sinus 
material was diluted 1:1 with phosphate-buffered 
saline and filtered through a 0,22 11m pore size filter. 

After being frozen in liquid N2 , this material was 
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inoculated into 14-day-old susceptible poults , 14-
day-old SPF White Leghorn chickens and 14-day-old 
broilers. After 4 days the poults started to show signs 
identical with those of field cases, as can be seen in 
Fig. 1. After 6 days 100 % were effected. Up to 10 
days post-inoculation no symptoms developed in the 
SPF or broiler chicks (Table 2). 
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TABLE 2 The clinical results of 14-day-old poults, SPF and broiler chickens challenged with sinus exudate and tracheal organ culture 
material91/78 (TROC#3) 

Number of birds with sinusitis post-challenge 

Type of bird No. Inoculum Days 

1 2 3 4 5 6 7 8 9 10 

Turkeys 10 Sinus exudate 0 0 0 1 5 10 9 9 8 8 
SPFLeghorn 10 Sinus exudate 0 0 0 0 0 0 0 0 0 0 
Broilers 10 Sinus exudate 0 0 0 0 0 0 0 0 0 0 

Turkeys 10 (TROC) 0 0 4 10 10 10 10 10 9 9 
SPFLeghorn 10 (TROC) 0 0 0 0 0 0 0 0 0 0 
Broilers 10 (TROC) 0 0 0 0 0 0 0 0 0 0 

TABLE 3 The numbe r of poults, SPF and broiler chickens challenged with isolate 91/78 propagated in embryonated eggs and on Vero 
cells, and displaying a nasal discharge. All birds were 4 weeks of age at challenge 

Number of birds with sinusitis post-challenge 

Type of bird No. Inoculum Days 

1 2 3 4 5 6 7 8 9 10 

Turkeys 10* CAM#6t 0 0 0 0 8 10 10 10 9 9 
Turkeys 10 CAM#10 0 0 0 0 0 2 5 5 5 5 
Turkeys 10 Yolksac#9 0 0 0 0 0 1 4 4 4 4 
Turkeys 10 Vero#2 0 0 0 0 0 0 2 4 4 4 
Turkeys 10 Vero#3 0 0 0 0 0 0 0 0 0 0 
Turkeys 10 Vero#5 0 0 0 0 0 0 0 0 0 0 
SPF chickens 10* CAM#6t 0 0 0 0 0 0 0 0 0 0 
Broilers 10 CAM#6 0 0 0 0 0 0 0 0 0 0 

*The birds in these groups had a pre-bleed and a post-bleed 21 days post challenge 
t These specific ampules had been kept in liquid N, for 6 years before being used as inoculum 

TABLE 4 Mortality, mass gain and feed intake at 4 weeks of age of poults vaccinated with 91178 (CAM# 10) 

4weeks For the period 2-4 weeks 

Group No. Treatment Mortality Mass gain Feed intake No./group % (g) (g) 

1 0, l rrY' SIC 1 290 19,6 592,4 ~ab) 538 (a~ 
2 0,05 rrY' cloaca 1 290 20,0 605,3 a) 551 (a 
3 Contact control 1 290 34,6 573,8 (be) 506 ~b) 
4 Contact control 1 290 25,5 565,5 (c) 513 b) 

TABLE 5 The number of poults with sinusitis post-challenge with 91/78 (TROC#20). Poults vaccinated 6 weeks prior with 91/78 
(CAM#17) 

Group Treatment No./group 

1 0, 05 rrY' cloaca 25 
2 Contact vaccinated 25 
3 0.05 rrY' cloaca 25 
4 Contact vaccinated 25 
5 Unvaccinated 10 

1-4 100 
5 10 

Total mortalities for each group after 6 weeks were : 
Groupl 7.2% Group36,1% 
Group 2 6,2% Group 4 7.5% 

The 3rd organ culture passage was also inoculated 
in 14-day-old poults, SPF chickens and broilers. 
Again, typical TRT symptoms developed in the tur­
keys within 3 days, but no symptoms were observed 
in chickens (Table 2). The 5th, lOth, 15th, 20th and 
26th organ culture passages induced typical TRT 
symptoms in 14-day-old turkey poults with no indi­
cation of a loss in pathogenicity. 

Isolate 91178 CAM#6 induced rhinitis and sinu­
sitis in 100 % of the birds while CAM route #10 
and yolk sac route #9 induced symptoms in only 
50 % and 40% respectively of the poults challenged. 

1 

0 
0 
0 
0 
0 

0 
0 
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Cumulative number with sinusitis post-challenge (days) 

2 3 4 5 6 7 8 9 10 11 12 13 14 

0 0 5 6 8 10 10 10 10 10 10 10 10 
0 0 0 2 4 5 6 6 6 6 6 6 6 
0 0 0 3 4 5 5 5 5 5 5 5 5 
0 0 0 4 5 5 7 7 7 7 7 7 7 
0 3 9 10 10 10 10 10 10 10 10 10 10 

I ~ I 
Number with sinusitis post-challenge (days) 

o I 5 !12!10 !10 I 13! 3l 1 r 1 I o I o I o 3 9 10 10 10 10 10 9 3 1 0 0 

Only Vero#2 could induce rhinitis in 40 % of the 
poults. At no stage could any symptoms be induced 
in SPF White Leghorns or broilers (Tables 2 & 3) . 

Results of vaccine trials 

(a) Vaccine Trial] 
The weekly mortalities, the mass gains and feed 

intake are tabulated in Table 4. 

Respiratory symptoms were found 14 days post 
inoculation in Groups 1 and 2. Within a further 24 h 
symptoms could be found in the contact controls. 
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TABLE 6 The number of poults with sinusitis and septicaemia post-challenge with 91/78 (TROC#13) . Poults vaccinated 4 weeks prior 
with 91/78 (CAM#24) 

Group Treatment No./group 

1 0,05 rnlcloaca (medicated) 50 
2 0,05 rnlcloaca (unmedicated) 50 
3 Unvaccinated' 13 
4 Unvaccinated' 28 
5 Unvaccinated' 30 

1 0,05 rnlcloaca (medicated) 50 
2 0,05 ml cloaca ( unmedicated) 50 
3 Unvaccinated' 13 
4 U nvaccinated2 28 
5 Unvaccinated' 30 

1 0,05 rnlcloaca (medicated) 50 
2 0,05 rnlcloaca (medicated) 10 
3 Unvaccinated' 13 
4 Unvaccinated' 28 
5 Unvaccinated' 30 

1 Unvaccinated 4-week-old challenged liS 91/78 (TROC#13) 
2 Unvaccinated 4-week-old 
' Unvaccinated day-old challenged liS 91/78 (TROC# 13) 

The respiratory symptoms (sinusitis, sneezing and 
wet rates) were markedly more pronounced in the 
contact controls, and lasted longer. At 28 days post­
inoculation very few birds with symptoms could be 
found. Most of the poults that died showed marked 
coli-septicaemia. The mortality of Groups 1 and 2 
were better than those of Groups 3 and 4. The mass 
gain and feed intake of GrouE 2 differed highly signi­
ficantly from groups 3 and 4 (Table 4). 

(b) Vaccine Trial2 
Clinical symptoms after vaccination with 

CAM#l7 
Symptoms after 14 days appeared in Group 1 and 

were followed the following day by symptoms in 
Groups 2, 3 and 4. Medication of all groups with 
Linco-Spectin started on Day 14. Respiratory symp­
toms reached a peak at Days 16 and 17. From Day 
22 onwards very few poults with respiratory symp­
toms could be found. 

The number of birds showing clinical signs after 
challenge with a virulent isolate of 91/78 is given in 
Table 5. 

Protection at 6 weeks of age as measured by means 
of absence of clinical signs after challenge (Table 5) 
1. Vaccinated via cloaca 70% 
2. Vaccinated via horizontal spread 74% 
3. Unvaccinated controls 0% 

On the 8th day post-challenge only 13 % of the 
vaccinated poults exhibited clinical signs compared 
with the 100% of the unvaccinated poults. 

(c) Vaccine Tria/3 

Clinical observations after vaccination 
Clinical signs of sneezing and rates started on Day 

13. Approximately 5% of the birds developed sinus 
exudate compared with approximately 80 % with 
CAM#l7. After the 22nd day no clinical signs 
could be seen or heard. The number of birds show­
ing clinical signs after challenge with a virulent iso­
late of 91/78 is shown in Table 6. 

1 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
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Cumalative number with sinusitis post-challenge (days) 

2 3 4 5 6 7 8 9 10 11 12 13 14 

0 0 0 0 0 20 44 46 48 49 49 49 49 
0 0 0 0 6 33 47 50 50 50 50 50 50 
0 0 1 3 8 10 10 10 12 12 12 12 12 
0 0 0 0 0 12 24 27 28 28 28 28 28 
0 2 14 24 24 28 29 29 29 29 29 29 29 

Number with sinusitis post-challenge (days) 

0 0 0 0 0 20 43 43 43 42 33 22 4 
0 0 0 0 6 33 47 50 44 43 33 13 1 
0 0 1 3 8 10 10 9 10 9 2 0 0 
0 0 0 0 0 12 24 27 26 24 23 22 9 
0 2 2 14 24 24 28 29 29 28 26 11 6 

Cumulative mortality due to septicaemia (days) 

0 0 0 0 0 0 0 2 2 2 2 2 2 
0 0 0 0 0 1 1 1 2 2 3 4 4 
0 0 0 0 0 0 0 0 0 1 1 1 1 
0 0 0 0 0 0 0 0 1 3 5 6 7 
0 0 0 0 0 0 0 0 1 2 8 11 13 

Clinical signs after challenge 
It is evident from Table 6 that only 2 % of the 

vaccinated and none of the unvaccinated poults were 
protected against sinusitis at 4-weeks of age. Of the 
vaccinated poults, ~8 % were protected against mor­
tality due to septicaemia compared with 74 % in 
unvaccinated poults. Nasal discharge, sinusitis, 
sneezing and rales were marginally less in vaccinated 
poults than in unvaccinates. Recovery also was mar­
ginally quicker in the vacciated poults. As far as feed 
intake, mass gain and mortalities are concerned, n? 
significant difference could be found between medi­
cated and non-medicated poults after vaccination 
with 91178 (CAM#24), an indication that the vac­
cine did not have marked side-effects on the poults 
(see Table 7). 

TABLE 7 Feed intake, mass gain and mortality at 4 weeks of age 
of the group treated with antibiotics compared with 
those of the untreated group. Both groups were vacci­
nated at day-old with 91/78 (CAM#24) 

Group Feed Mass gain Mortality Treatment intake No. (g) (g) % 

1 Linco-Spcctin 864 671 4.7 
2 U nmedicated 856 655 4,8 

Field trial 

Clinical symptoms after vaccination of the 5 flocks 
with 91178 (CAM#l7) 

In all the flocks a water medication with Linco­
Spectin in the drinking water was given for 5 days 
from Day 13 post vaccination (PV). Symptoms of 
sneezing, rates, lacrimation and nasal discharge 
started at the 11th day. The males consistently devel­
oped symptoms 2 days before the females. Within 3 
days after the first symptoms (Day 14 PV) approxi­
mately 80 % or more of the poults would have devel­
oped the typical TRT symptoms. On Day 16 PV 
poults started to recover and on Day 20 PV very few 
affected poults could be found . Five flocks with a 
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TABLE 8 The number of poults with sinusitis and septicaemia post-challenge with 91178 (TROC#20). Some of the poults were 
vaccinated 4 weeks prior with 91/78 (CAM#17) as part of a field trial 

Group Treatment No./group 
Cumalative number with sinusitis post-challange (days) 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

1 Unvaccinated 19 0 0 0 0 0 1 9 15 19 19 19 19 19 19 
2 Unvaccinated 9 0 0 0 1 6 6 7 9 9 9 9 9 9 9 
3 Unvaccinated 10 0 0 0 9 10 10 10 10 10 10 10 10 10 10 
4 Natural outbreak 25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
5 TROC#20 8 0 0 0 0 0 0 1 2 2 2 2 2 2 2 
6 Vaccinated 100 0 0 0 0 1 5 6 8 17 24 33 35 35 35 

Number with sinusitis post-challenge (days) 

1 Unvaccinated 19 0 0 0 0 0 1 8 14 18 17 15 14 10 4 
2 Unvaccinated 9 0 0 0 1 6 6 7 9 5 5 4 4 1 0 
3 Unvaccinated 10 0 0 0 9 10 10 10 10 7 6 4 1 1 1 
4 at ural outbreak 25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
5 TROC#20 8 0 0 0 0 0 0 1 2 2 0 0 0 0 0 
6 Vaccinated 100 0 0 0 0 1 4 4 6 15 21 19 21 15 9 

Cumulative mortality due to septicaemia (days) 

1 Unvaccinated 19 0 0 0 0 0 0 1 1 1 2 4 5 7 8 
2 Unvaccinated 9 0 0 0 0 0 0 0 0 3 3 4 4 4 5 
3 Unvaccinated 10 0 0 0 0 0 0 0 0 2 2 2 2 2 3 
4 Natural outbreak 25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
5 TROC#20 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
6 Vaccinated 100 0 0 0 0 0 0 0 0 0 0 1 1 2 2 

1. Susceptible unvaccinted 
2. Susceptible unvaccinated, challenged liS 91/78 (TROC#20) 
3. Susceptible unvaccinated day-olds , challenged I/S 91/78 (TROC#20) 
4. Poults 8-weeks-old. Recovered after a natural outbreak at 2 weeks of age 
5. Poults 3-weeks-old, that have recovered after being challenged with 91/78 (TROC#20) at day old 

total of 52 000 poults were vaccinted by administer­
ing 91/78 (CAM#17) to 10 % of the poults via the 
vent route. From one of the vaccinated flocks 100 
poults were taken at 4 weeks of age and challenged 
together with controls (see Table 8). 

Poults that recovered from a natural outbreak 
were 100 % protected against the development of 
sinusitis and mortality after challenge. Of the con­
tact-vaccinated poults 65 % were protected against 
the development of sinusitis and 98 % against mor­
tality due to septicaemia after challenge. Unvacci­
nated poults were 100 % susceptible to the devel­
opment of sinusitis and 42% died from septicaemia. 

TABLE 9 Mortality in commercial poults up to 8 weeks of age 

Group Number History Mortality 
No. % 

1 46 500 Non-infected poults 6,4 
2 67 620 Naturally infected poults 29,7 
3 52 000 Contact vaccinated with 91/78 

(CAM#17) 10,0 

TABLE 10 The distribution of antibodies aga1st TRT in com­
mercial broiler breeder and broiler flocks 

Origin Average titre Range 

1 
Breeder flock 1979 8 4-10 
Breeder flock 1981 lO 9-11 
Breeder flock 1984 5 1- 8 
Breeder flock 1985 6 0--10 
Breeder flock 1986 4 1- 5 
Breeder flock 1987 8 0--12 
2 
Broiler flock 1981 2,6 0--9 
Broiler flock 1982 6,8 0--9 
Broiler flock 1983 1,9 0--9 
Broiler flock 1987 1,6 0--8 

1 + 2. Birds bled at end of production cycles 
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Of the birds that had recovered from a challenge 
with 91/78 (TROC#20), 25 % showed mild clini­
cal signs, but none died from septicaemia. Mortali­
ties in the vaccinated flocks were 3,6 % higher than 
in uninfected flocks but were 19,7 % lower than in 
naturally infected susceptible flocks (see Table 9). 

Serological results 
Dr P. Wilding tested sera from commercial broiler 

breeders, broilers and laboratory infected poults and 
chickens by means of the ELISA test for the pre­
sence of antibodies against TRT (Baxter-Jones, 
Cook, Frazier, Grant, Jones, Mockett & Wilding, 
1987) (see Tables 10 & 11). 

TABLE 11 Serological results of experimentally infected poults 
and SPF chickens tested by means of the ELISA test 
for the presence of antibodies against TRT 

Average titre log base 2 
Species No. 

Pre-bleed Post-bleed Range 

Turkey 7' 0 8 4-11 
Chicken 3' 0 12 11- 13 

1 Clinical symptoms of these groups recorded in Table 3 

DISCUSSION 

Setting up tracheal organ cultures proved to be the 
best procedure for the isolation of the virus causing 
TRT. These cultures not only supported multiplica­
tion of the virus but also exhibited ciliostasis, which 
is a sensitive indicator of viral growth. In these cul­
tures there was only a 1 log increase in ID50 titre 
from generation 2-10 and the titre subsequently sta­
bilised on about 10~-4 TROC ID5ufrnl'. Titres for em­
bryonated egg virus were significantly lower at 1035 

ID51/rnl' of which the CAM route gave the highest 
titre. Virus, propagated via the CAM route and kept 



in liquid N2 since 1981, was still able 6 years later to 
evoke TRT symptoms in 10 out of 10 turkeys when 
challenged with this material. 

In our first report on this virus (Buys & Du Preez, 
1980) it was thought to belong to the families Ortho­
myxo or Paramyxoviridae. McDougall & Cook 
(1986) suggested an orthomyxovirus and even con­
sidered a coronavirus for this agent. The electron 
microscopic description by Wyeth et al. (1986) of 
their strain CVL14/1 closely resembles the descrip­
tion of our strain 91/78. They suggested that their 
strain might be a pneumovirus which belongs to the 
family Paramyxoviridae. Likewise, Collins & Gough 
(1988) came to the same conclusion that the agent 
associated with TRT is a member of the Pneumovi­
rus genus. 

The Pneumovirus genus of the Paramyxoviridae 
family includes the important member respiratory 
syncytical virus (RSV ), the type species. The virus 
causing turkey rhinotracheitis shares an important 
property with RSV in that it characteristically pro­
duces large syncytial masses in tissue culture. Like 
RSV, the turkey virus has a number of properties 
that separate it from Paramyxovirus and Morbillivi­
rus, the other 2 genera of the Paramyxoviridae fam­
ily. It apparently possesses longer surface projec­
tions of about 14 nm in length, which are regularly 
spaced and club-shaped in appearance but lack hae­
magglutinin, neuraminidase or hemolytic activity 
(McDougall & Cook, 1986; Wyeth et al., 1986) . 

In Pneumovirus, the nucleocapsid is apparently 
narrower and more delicate, measuring 12-15 nm in 
diameter. Collins & Gough (1988) demonstrated a 
nucleocapsid strand with negative staining which ap­
pears less distinct and of a slightly different structure 
from that of a Paramyxovirus. Electron microscopy 
of the virus grown in TROC and Vero cells in our 
laboratory has not revealed any discernible internal 
component with the herring bone pattern which is 
characteristic of this family . Only a ribbon-like struc­
ture could be observed, similar to the structures de­
scribed by Collins, Gough, Lister, Chettle & Eddy 
(1986) (see insert, Fig. 3). 

In negative stained prel?arations from primary tra­
cheal organ cultures, h1ghly pleomorphic virions 
with bizarre shapes, including spherical and fila­
mentous forms (Fig. 3) similar to RSV were seen. 
The elongated filamentous forms observed can have 
a total length of several microns and are in agree­
ment with Wyeth et al. (1986) and Collins et al. 
(1986). These filamentous forms of the turkey virus 
observed may be thought of as an artefact due to 
negative staining or may be derived from host mate­
rial (Collins eta!., 1986), but our sections of Vero 
cells infected with 91/78 clearly demonstrate that as­
sembly and budding of filamentous forms of these 
virions are indeed part of the morphogenesis cycle of 
these virions (Fig. 4) . As is shown in Fig. 4, it ap­
pears that the cellular membrane is incorporated 
mto the virion from which budding occurs, and ap­
pears as a dense outer layer. These limited observa­
tions on the structure and morphogenesis of the 
virus causing TRT are in agreement with the obser­
vations of Compans, Harter & Choppin (1967) on 
pneumonia virus of mice. The appearance, size and 
shape of the virus-like particles found with negative 
contrast preparations and thin sections as seen in the 
electron microscope, together with the fact that the 
virus do not haemagglutinate red blood cells, would 
indicate a virus in the Paramyxoviridae family of 
viruses, possibly the genus Pneumovirus. 
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Although no indications were found of atten~a­
tion in the serial passages in TROC, attenuatwn 
could be found in the serial passages in embryonated 
eggs. It was therefore decided to undertake semi­
large scale trials in an isolated test house where fee~­
ing trials are normally undertaken. In the expen­
ment where 91/78 CAM#10 was used the severity 
of symptoms in the 2 contact groups was very similar 
to that found with the field strain. The severity of 
symptoms in the infected groups was marginally less, 
the mortalities of the infected groups were at least 
5 % less than those of the contact groups and there 
were significant differences in the mass gains and 
feed intake of the infected groups (see Table 4). The 
fact that symptoms appeared in the contact groups 
only 24 h after the onset of symptoms in infected 
groups would indicate a very fast multiplication of 
the virus in the host with consequent rapid horison­
tal spread to adjoining pens. CAM #17 gave signi­
ficantly milder symptoms than CAM#lO and by 
Day 22 fewer birds with symptoms could be found 
than on Day 28 with CAM#10. Mortalities at 6 
weeks of age varied between 6,1 % and 7,5 % for all 
groups. The protection against a challenge with viru­
lent isolate 91/78 was on an average 70 % compared 
to none in susceptible turkeys (see Table 5). Al­
though very mild symptoms were evoked by 
CAM#24, it did not afford any significant protec­
tion against the development of rhinitis and sinusitis 
when turkeys were challenged. Since there was such 
a rapid horizontal spread of the virus, it was decided 
to do a field vaccination trial with CAM#17, in­
fecting only 10 % of the turkeys. It was estimated 
that together with a Linco-Spectin treatment, ad­
ministered as soon as the clinical symptoms started, 
an average of about 3 % mortality could be attrib­
uted to a vaccine reaction with CAM#17. Al­
though only 65 % of the birds were protected against 
the development of clinical symptoms, nearly 100 % 
were protected against losses caused by septicaemia 
(Table 8). Turkeys that recovered from a natural 
outbreak were refractile to re-infection 6 weeks 
later. Vaccinations with CAM#17 gave accepta­
ble results in the field if the 10 % mortalities are 
compared with the nearly 30 % in natural cases 
(Table 9) . 

When our strain 91/78 was passaged in Vero cells, 
we found that it lost its pathogenicity between the 
2nd and 3rd passages. McDougall (personal commu­
nication, 1986) found the same result, and in addi­
tion that poults inoculated with the 3rd Vero Cell 
passage resisted subsequent challenge with the viru­
lent virus causing TRT, and suggested this as a possi­
ble venue to pursue in the preparation of a vaccine. 
Since the only major turkey producer ceased produc­
tion of turkeys in 1983, no further refinement was 
done on our chicken embryo origin vaccine. 

Hatching eggs and day-old turkeys were received 
from a commercial hatchery on a weekly basis for 24 
months. The turkeys were raised in a F APP room to 
serve as susceptible poults for various experiments. 
At no time did any of these poults, originating from 
naturally infected recovered parents, ever show any 
clinical signs to indicate egg transmission. Neither 
could any poults from day-old up to 14-day-old be 
found that were refractory to challenge. This could 
mean that either no maternal antibodies are 
transmitted from recovered parents or that maternal 
antibodies are not able to prevent the development 
of clinical symptoms. Judging from the successful 
isolation of the virus by means of TROC maternal 
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antibodies do not prevent the growth of the virus in 
tracheal explants. 

One of the reasons for our renewed interest in the 
virus was the possibility that the virus causing TRT 
might play a role in the respiratory disease complex 
of broilers. In the course of our work, SPF chickens 
and broilers were challenged on 4 separate occasions 
with infective sinus exudate, TROC material and 
embryonated egg origin material without any clinical 
symptoms ever developing. Serologically, it could be 
shown, however, that SPF chickens did respond to a 
challenge with 91178 (Table 11). Sera collected from 
broiler breeders in 1979 and broilers in 1981 already 
had antibodies against TRT (see Table 10). Unfortu­
nately, we did not have any sera dating back any 
further. These results still do not exclude the possi­
bility that this virus in combination with other respi­
ratory viruses could play a role in the broiler respira­
tory disease complex, especially in view of the find­
ings by' Jones eta/. (1987), who were able to produce 
mild clinical signs with their strain in SPF chickens. 

Further work on the classification of our strain 
91178 is now in progress in our laboratory. 
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