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Abstract

Pospisil Z., Dagmar Zendulkov4, B. Smid: Unexpected Emergence of Newcastle
Disease Virus in Very Young Chicks. Acta vet. Brno 60, 1991: 263 —270.

Lentogenic Newcastle disease virus (NDV) strains were demonstrated by culture
and electron microscopically in the gut contents of very young, non-vaccinated
chickens from hatching up to day 25. The same virus was demonstrated even in
chicken embryos despite the presence of maternal antibodies both in yolk extracts,
and in hatched chicks. NDV disappeared from the organism of infected chickens
without inducing antibody formation. Post-vaccination antibody titres were very
low and various in chickens previously infected with NDV. Possible transovarian
transmission of NDV is discussed.

Newcastle disease virus, lentogenic strains, chickens, transovarian transmission, vacci-
nation

Newcastle disease (ND) has been controlled in Czechoslovakia successfully by effective pre-
ventive and prophylactic measures and does not pose a serious vetermary or economic problem
at present. Our recent investigations, aimed at the prevalence of emerging virus infections, have
revealed, however, the presence of haemagglutinating agents, which were preliminarily classified
as paramyxoviruses, by electron microscopy and subsequently identified as lentogenic Newcastle
disease virus (NDV) strains.

The viruses were detected rather unexpectedly, in 15- to 25-day-old chickens with various
clinical signs. Some of them were affected with a slight head oedema, sinusitis or conjunctivitis,
others with hyperaemia of the digestive tract mucosa. Quite often NDV was isolated from chickens
showing no clinical signs of infection.

A similar symptomless form, caused by lentogenic NDV strains and diagnosed rather accident-
ally in most cases, was described by Lancaster (1981). In a review published by Hanson
(1984), the condition was referied to as an asymptomatic enteric form of NDV.

Infections with lentogenic NDV strains without clinical signs and morphological lesions had
been described also in Australia by French etal. (1967) and Simmons (1967). Recently lentogenic
NDV strains were isolated from 3- to 5-week old chickens in Hungary by Erdei et al. (1988).
The authors explain their findings as a persistence of the vaccinal strain, because the chickens
had been immunized with a live, La Sota strain vaccine 1 to 3 weeks before the examination.

In our investigations, however, anamnestic data from many farms, obtained from field veteri-
narians, were uniform: chickens have not yet been immunized against ND and parent flocks
are kept in permanent immunity. Therefore, basing on our preliminary results, we started to
investigate the occurrence of paramyxoviruses in chickens in detail with the aim to identify the
isolates more precisely, to determine the time of their first occurrence, to demonstrate contingent
antibody response to the infection and to follow antibody formation after vaccinaiton.

Materials and Methods

1. Chickens and collection of samples
Initially 15- to 30-day-old sick chickens from farms affected with various health problems were
selected. Most of them were laying hybrids, a smaller part were meat hybrids. After the surprising
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isolation of paramyxoviruses, we concentrated on laying hybrids only. Later the experiments
aimed at the isolation of paramyxoviruses were done usmg 1- to 42-day old birds. Day-old chicks
were collected in hatcheriés, the rest was kept either in farms or in the premises of our institute.
Antibody responses to infection or immunization were investigated up to the age of 4 months.

Parenchymatous organs, trachea and gut contents, in some cases also gut mucosa scrapings,
were collected for virological examinations. A 10% suspension prepared from these organs in
Earle’s medium containing 1 000 I. U. penicillin and 1 000 ug streptomycin was left to stand
for 4 hours, then centrifuged at 3 600X G and 4 °C for 30 minutes and finally filtered through
a 0.22 um pore filter. Blood samples for serological examinations were collected from vena ulnaris
or from the heart.

2. Virus isolation

SPF chicken embryos (Phylaxia Budapest) were used in several isolation experiments, but
most experiments were done on conventional chicken embryos from a small farm free of antibo-
dies to NDV and other poultry infections and non-vaccinated against ND.

Intra-allantoic inoculation of 9- to 10-day-old embryos and of chicken embryo fibroblast cultu-
res were performed in the usual manner (Plate I, Fig. 1). Cell cultures of fibroblasts were also
prepared from eggs collected in a breeder flock in which the NDV-positive chickens were iden-
tified. The cultures were examined for cytopathic effect (CPE), haemadsorption ‘and electron-
microscopically.

3. Haemadsorption and haemagglutination

Allantoic fluid, collected 72 hours after inoculation of chicken embryos, and cell-free fluid,
collected from inoculated cell cultures, were examined by the haemagglutination test. Briefly,
0.05 ml of serial twofold dilutions of allantoic fluid with PBS was pipetted into round-bottomed
microplate wells and mixed with an equal volume of 0.5 % hen erythrocyte suspension. The
plates were left to stand for 1 hour at room temperature before the results were read. Culture me-
dium from cell cultures was poured out and replaced by 0.4 ml of a 0.5 % suspension of hen
erythrocytes for the haemadsorption test. After 30 minutes incubation at 37 °C, the content was
gently washed with phosphate-buffered saline (PBS pH 7.2) and light microscope was used for
the examination of adsorption of erythrocytes onto infected cells.

4. Electron microscopic examination of gut content and allantoic fluid

A 209, suspension in serum-free Earle’s medium was prepared from gut contents for the direct
demonstration of the virus. The suspension was centrifuged ar 3 600 x G and 4 °C for 20 minutes
and the supernatant was examined electron microscopically using 2 %, water solution of ammonium
molybdate (pH 7.0) for negative staining. Allantoic fluid from infected chicken embryos was
examined by the same technique without any pretreatment.

5. Haemagglutination inhibition test

The test was performed in a round-bottomed microplates. 0.025 ml of serial twofold dilutions
with PBS of examined sera, starting with 1:5, were incubated with 8 haemagglutinating units
of the virus and after 60 minutes 0.05 ml of 0.5 % suspension of hen erythrocytes was added.
The plates were left to stand 50 to 60 minutes at room temperature before the results were read.

6. Typing of paramyxovirus strains

The isolated paramyxovirus strains were further identified by the methods described by Han-
son (1980). The isolates were preliminarily identified as paramyxoviruses by haemagglutination
and electron microscopy, and as NDV by the haemagglutination inhibition test using ND speci-
fic antisera. The isolated strains were further studied in detail partly in our laboratory and partly
at the Department of Veterinary Science, University of Wisconsin, Madison, U.S.A., using the
local ND specific antisera, comparative ND virus strains, SPF eggs and chicken embryo fibro-
blast cultures prepared thereof, and SPF chickens. The following tests were used for the typifi-
cation of NDV strains: haemagglutination inhibition test with antisera to serotypes 1 through
9; mean death time of the minimum lethal dose (MDT/MLD); intracerebral pathogenicity for
day-old chicks (ICPI); pathogenicity for 8-week-old chickens; ability to plaque on chicken embryo
fibroblasts, thermostability of haemagglutinin; agglutination of mammalian erythrocytes.

7. Dynamics of passive and active immunity

The dynamics of maternal antibody levels were examined from hatching for 6 weeks in 5-day
. intervals. Moreover, antlbody levels to NDV were checked in hens of the parental flock immunized
with the inactivated vaccine Nobilis GNE (Intervet), as well as in yolk extracts of hatching eggs.
Antibody response to repeated administration of the live vaccine AVIPEST (Bioveta, Nitra)
was investigated in NDV-positive chickens from hatching in 3- to 4-week intervals. The results
were compared with those obtained from chickens grown in a small farm, in which NDV had
never been detected.
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Results

1. First isolations of the virus, its identification and typing

The first paramyxovirus strains were isolated from 15- to 25-day-old chickens,
mostly affected with a mild upper respiratory tract disease, or hyperaemia of in-
testinal mucosa. An agent agglutinating hen erythrocytes tract detected in the allan-
toic fluid of chicken embryos, inoculated with an organ suspension or a filtrate
of gut contents, occasionally in the first, but more frequently in the second or
third passages.

A weak CPE was observed in the second and third passages in tissue cultures.
The haemagglutinating activity was low and the virus was readily demonstrated
by haemadsorption. CPE became more pronounced in subsequent passages
only (Plate I, Fig. 2).

The haemagglutinating agent was first examined by electron microscopy and
classified as a paramyxovirus on the basis of its characteristic morphologic con-
formation. Most frequently pleomorphic paramyxovirus particles with a diameter
of 150 to 300 nm, bearing approx. 8 nm-long projections, were observed. Most
of the virions were undamaged or only slightly damaged and therefore the inter-
nal structure was indistinct. Destroyed virions, showing a helical nucleocapsid
with a diameter of approx. 18 nm, were observed quite exceptionally (Fig. 3).

Identical paramyxoviruses were demonstrated in some cases by electron mic-
roscopy in the gut contents directly, i. e. without previous passaging in chicken
embryos (Fig. 4).

Allisolated paramyxovirus strains were classified as serotype 1 by the haemagg-
lutination inhibition test using antisera to all 9 known avian paramyxovirus sero-
logical groups. Further testing according to criteria accepted for the typing of
paramyxoviruses (Hanson 1980) yielded the following results:

MDT/MLD was 91.0—100.4, 98.4 and 47.2 in the isolated strains, La Sota
and the velogenic strain Texas, resp. ICPI was 0.1—0.18, 0.1 and 1.87 in the iso-
lated, La Sota and Texas strains, resp. None of the isolated strains produced
clinical signs suggestive of ND in 8-week-old chickens. Only small plaques were
formed in the presence of DEAE dextran and Mg* in chicken fibroblast culture
inoculated with the isolated strains. None of the strains agglutinated hen erythro-
cytes after 15 min. inactivation at 56 °C. While La Sota strain lost the agglutina-
ting activity after 5 min. inactivation, in the strain Coot, which is a typical repre-
sentative of heat-stable paramyxoviruses, this activity persisted for more than
120 min. Guinea-pig, mouse and horse erythrocytes were agglutinated by the
isolated strains, too. The results of typing of the isolated paramyxovirus strains
are summarised in Table 1. All haemagglutinating isolates were identified as len-
togenic NDV strains, closely related to the vaccinal strain La Sota.

By courtesy of Dr. D. Alexander from the Central Veterinary Institute, Wey-
bridge, Surrey, England, the isolated strains were typified using monoclonal anti-
bodies (Alexander et al. 1987). All isolated strains were classified as members
gf Group E of NDV, which is similar to the vaccinal strains Hitchner Bl and La

ota.
2. Age of virus-positive chickens

The first successful isolations were performed in 15- to 25-day—old chickens.
With regard to the fact, that the flocks were subsequently vaccinated, and that
the administration of vaccine could affect the results of isolation attempts, the
youngest age group was selected for further isolation trials.
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Table 1
Results of typing of paramyxovirus strains

Criteria
S i Sera Exp. infection Thermostability | Agglutination
(isolate) | Berem | PMV- | MO | ICPI | of 8-weekold | gorrad®® | 'of hacmagglu- | of Ii
2to9 chickens tinin erythrocytes
X-85 + 0 91.0 0.12 no symptoms small < 15 min. +
X-—-86 + 0 94.8 0.11 NE small < 15 min. +
SL-88 + 0 92.9 0.16 NE small < 15 min. +
SL—-93 + 0 98.3 0.18 no symptoms small < 15 min. +
VB-200 + 0 97.0 0.15 NE small < 15 min. +
ST—-203 + 0 98.6 0.12 no symptoms small < 15 min. +
B—209 + 0 100.4 0.15 NE small < 15 min. +
La Sota + 0 98.4 0.10 NE small 5 min. +
Texas + 0 47.2 1.87 NE big strain Coot NE
> 120 min

NE — Not examined
MDT/MLD — Mean Death Time of the Minimum Lethal Dose
ICPI — Intracerebral Pathogenicity Index for Day-Old Chicks

NDV was detected also in much younger birds with no clinical signs of ND.
The virus was present in large quantities in the gut contents even of day-old
chicks collected from the hatchery and could be isolated from the gut content
more readily than from organs. The virus was demonstrated both by inoculation
of chicken embryos, and by electron microscopy. It was just this age group, in
which the highest virus concentrations were found in the gut contents. The
concentration decreased with advancing age and the virus was no more demon-
strable by any of the methods used around day 25 after hatching (Table 2).

3. Virus demonstration in hatching eggs

NDV was demonstrated in hatching eggs from a breeder flock, which supplied
NDV-positive chickens. A weak CPE was observed in chicken embryo fibroblast
cultures after 3 to 4 days. The cells showed haemadsorbing activity and undiluted
cell-free culture medium agglutinated hen erythrocytes. The presence of a para-
myxovirus was confirmed by electron microscopy. Using this method, paramyxo-
viruses were demonstrated in gut suspension of 17 to 19-day-old chicken embry-
0s, t00.

Table 2
Dynamics of NDV concentration and maternal antibody titres in chickens
Virus demonstration HI titre of
(é\agyi ) Direct in gut content Isolation in CE maternal antibodies
ELMI HA ELMI HA Range Mean

1 +++ ++ +++ +++ 1:5—1:80 41.2

5 +++ + +++ +++ 1:5—-1:80 324
10 ++ + ++ ++ 1:5—-1:40 19.0
16 + 0 ++ + 1:5—-1:10 9.5
20 + 0 + + 1:5—-1:10 3.8
25 0 0 0 0 90— 1:5 15
42 0 0 0 0 0 0

ELMI — electron microscopy .
HA  — haemagglutination
CE — chick embryo
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Fig. 5. Dynamics of maternal and post-vaccinal antibodies in chickens.
@ ——@ chickens with previously demonstrated presence of NDV
O —— O chickens from a non-vaccinated flock, free of NDV

4. Passive and active immunity

Maternal antibodies to NDV were detected in blood serum of chicks, in which
NDV was demonstrated after hatching. The initial average HI titre 1: 41.2 de-
creased gradually and antibodies were no more demonstrable from days 20 to
25 after hatching (Table 2). Antibodies to NDV with an average titre 1 : 54 (range
1:10 to 1:160) were found in hens of the parent flock and titres between 1: 10
and 1 : 40 were demonstrated in yolk extracts from hatching eggs.

Antibody response to administration of the live vaccine AVIPEST, performed
at the age of approx. 21 days, was rather weak in chickens positive for NDV
after hatching. The titres ranged between zero (40 9%, of birds) and 1:40 with
a mean value of 1:8.5 three weeks after administration of vaccine. However,
this value dropped to 1: 5 during the next three weeks and therefore the chickens
were treated with the vaccine again (Fig. 5). After another three weeks, the titres
rose to 1:5 to 1: 40 with a mean value of 1: 16. The more pronounced increase
of the mean value was due to the fact, that there were no more chickens with zero
level in the re-vaccinated group. It was only the third administration, which re-
sulted in a satisfactory mean titre of 1 : 22.3 (Fig. 5) Only a slightly better antibody
response was observed in chickens from the same farm, which were kept in the
institute and vaccinated as late as when 42-day-old.

The antibody response to vaccination was more pronounced in chickens from
small farms free of NDV. The antibody titres ranged between 1:10 and 1: 40
(mean 1: 17.6) after the first, rose to 1: 10 — 1 : 80 (mean 1: 27.1) after the se-
cond, and reached the mean value of 1 : 38.8 after the third administration (Fig. 5).
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i ¢ Discussion

Lentogenic NDV strains were found quite unexpectédly in approx. 2- to 4-
-week-old chickens during the investigation of emerging virus infections in scra-
ping poultry, although ND has been successfully controlled in this country. Rather
unexpected were the findings of NDV in very young, and even day-old chicks
and in chicken embryos from hatcheries. Remarkably enough, NDV was demon-
strated not only by inoculation of chicken embryos and, to a lesser extent, cultures
of chicken embryo fibroblasts, but also in the gut contents directly by electron
microscopy. These findings not only confirm the results of isolation trials, but
also exclude any laboratory contamination and support the possibility of transova-
rian transmission of the infection.

Information concerning the transovarian transmission of NDV is rather scarce
(Fontaine et al. 1965; French et al. 1967; Fenner et al. 1987). This fact has -
been to a certain extent explained by Lancaster (1963), who considered such
transmission epidemiologically less important, as the virus is usually so lethal for
chick embryos that they rarely hatch. However, the possibility of such transmission
has been confirmed experimentally by French et al. (1967), who also emphasized
the danger resulting from the presence of a single infected chick in an incubator.

Similar findings of lentogenic NDV strains, corresponding to the La Sota
strain, were described in 3- to 5-week-old chickens by Erdei et al. (1988). The
chickens had been treated with a live, La Sota strain-containing vaccine 1 to 3
weeks before examination and the authors interpreted their findings in terms of
persistence of the vaccinal strain. Mutation of the vaccinal strain has been sugges-
ted as the cause of the presence of lentogenic strains in young broilers by Hilbink
(1987), too. In our expériments, however, NDV was demonstrated in chicks im~
mediately after hatching, in which any vaccination could be excluded. Parent
flocks were immunized with the inactivated vaccine Nobilis GNE before being
transferred to the laying house and La Sota vaccine had been used for the first
vaccination after hatching only.

When considering the transovarian transmission, we can explain neither the
failure of maternal antibodies to neutralize the virus in the developing embryo,
nor the fact, that the virus was no more demonstrable from days 20—25 after
hatching. A remarkable coincidence was found in the disappearance of the virus
and maternal antibodies. No active specific antibody formation was observed in
non-vaccinated chickens during a 4- to 5-week period after the disappearance of
the vitus and maternal antibodies. The antibody response to the subsequent ad-
ministration of the La Sota strain-containing vaccine AVIPEST was rather weak.
Antibody levels rose somewhat after re-vaccination, but three treatments were
necessary to reach a minimal protection at least. Such unsatisfactory results were
obtained both in chickens kept at the institute, and in those kept on poultry farms.
On the other hand, chickens on paramyxovirus-free farms reacted to vaccination
with a typical rise ‘of antibody levels.

"""The weak antibody response in chickens previously infected with NDV could,
to a certain extent, substantiate the question, why so many chickens with low or
even zero antibody levels are found in some flocks, yet the explanation remains
to be expected. Of the posible causes, immunological tolerance to the virus, to
which the chickens were exposed during the embryonic development, virus in-
terference, and similar factors should be considered. Another explanation may
consist in the formation of immunocomplexes during a long-termed persistence
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of the virus in the presence of antibodies. Further studies are necessary to eluci-
date this problem.

Lentogenic NDV strains were found both in birds with mild symptoms of
a respiratory or intestinal disease, and in clinically normal ones. We have appa-
rently confirmed the existence of the asymptomatic form of ND, as described by
Lancaster (1981) and reviewed by Hanson (1984). The presence of NDV
in clinically normal chickens, which remained healthy when kept in satisfactory
hygienic conditions, indicates, that at least some of the clinical signs observed
in poultry farms could have been caused by other virus species, demonstrated in
our experiments either directly by culture (adenoviruses, reoviruses, rotaviruses),
or indirectly, i. e. by the presence of specific antibodies (infectious bursal disease).

The demonstration of the NDV circulation in poultry farms prompts us to
a permanent vigillance. Itis generally known that even apparently harmless agents
can, under the contribution of various stress factors, display their limited patho-
genic potential and induce a clinical disease. o

Nepfedvidany vyskyt viru Newcastleské choroby u velmi mladych kufat;

Ve stfevnim obsahu nevakcinovanych kufat byly od 1. dne po vylihnuti do
25. dne stafi prokazovany izola¢né i pfimo elektronové mikroskopicky lentogenni
kmeny viru Newcastleské choroby. Tyto viry byly detekéviany dokonce i v sa-
motnych kufecich embryich nésadovych vajec navzdory tomu, Ze ve Zloutkovych
extraktech a pozdgji i u vylthnutych kufat byly prokazoviny spec1ﬁcke matefské
protildtky. Virus Newcastleské choroby z kufat vymizel, aniZ u nich indukoval
aktivni tvorbu protilitek, a na vakcinaci tato kufata reagovala tvorbou jen velmi
nizkych a nevyrovnanych titri protilitek. Jsou diskutoviny moZnosti transova-
ridlnfho pfenosu viru Newcastleské choroby.

HenpeaBnaeHHoe Hanwune GonesHu Hblokacna y UBINAST Ha paHHe#
CTaZIMM MU3HHU

B KulWeuHOM coAepaHMU HeBaKUMHUPOBAHHbIX UbINAST ¢ 1 AHSA nocne
BbilynnauBaHus no 25 JAeHb Bo3pacta OGbiAW BbiIBAEHbl W30NAUUOHHO
M HENcpeACTBEHHO 3NEKTPOHHO MMUKPOCKOMUUECKU NEHTOTEHHble LUTaMMbl
BUpyca GonesHu Hblokacna. YnomsHyTbie BUPYCbl GbinM  YCTaHOBNEHbI
Aaxe B aMOpUOHAX UL NMOA HAaceAKOM HECMOTPS Ha TO, UTO B 3KCTCaKTaXx
HENTKOB W MO3Xe, Y BbINYNAUBLIMXCA UbINAAT 6blNM OGHapyXeHbl Cheuu-
cduueckue maTepuHGKHe aHTUTena. Bupyc 6onesHn Hbiokacna ucues, He
WHAYUMPYS aKTUBHOE OOpasoBaHWE aHTUTEN U YNOMSHYTble UbiNAsTa pea-
rupoBanu Ha BaKuWauuilo o6pa3soBaHWEM HEMHOrOUMCNEHHbIX U HEPOBHbIX
TMTPOB aHTUTen. OO6CYyXAalOTCS BO3MOXHOCTM TPaHCOBapWanbHOro nepe-
Hoca Bupyca Gone3nu Hblokacna.
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Plate 1.
Pospisil Z. et al.: Unexpected Emergence.. . . ppP. 263—270.

Fig. 1. Noninfected chicken embryo fibroblast monolayer.
Not stained, orig. magnification 6.3 x 3.2.

Fig. 2. CPE in embryonic chicken fibroblast cultures, produced in the 5th passage of the strain
SL-93 96 hours after inoculation. :
Not stained, orig. magnification 6.3 x 3.2,



Plate II.

Fig. 3. NDV strain X-88 multiplied in allantoic fluid of chicken embryos, with a loose, helical
nucleocapsid.
Negative staining by ammonium molybdate solution. Magnification 186 000 x .

Fig. 4. NDV demonstrated in the gut content of a day-old chick.
Negative staining by ammonium molybdate solution. Magnification 115 000 x.



