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Abstract

Inclusion body hepatitis (IBH) associated with fowl aviadenovirus (FAdV) infection has a world-wide distribution, especially for
broilers aged 3 to 5 weeks, causing significant economic losses to poultry industry. In present study, we evaluated the pathogenicity
of Moroccan FAdV serotype 11 (MOR111115 strain) in specific pathogen free (SPF) white leghorn chicken embryos. FAdV (titre
10%/ml) was inoculated to SPF embryonated chicken eggs through the chorioallontoic membrane (CAM). The mortality, gross and
microscopical lesions of the embryos were evaluated and the presence of the virus was checked by PCR. 100% cumulative em-
bryonic mortality was observed at 7 days post-infection (dpi). The inoculated embryos were hemorragic and the liver was friable
and swollen, with yellow to greenish discoloration. Microscopically, we highlighted a multifocal necrosis of hepatocytes groups
with the presence of basophilic and eosinophilic intra-nuclear inclusion bodies within hepatocytes. The presence of the virus was
confirmed by conventional polymerase chain reaction based on hexon gene from liver that is a major target organ of FAdV infec-
tions. This is the first study of pathogenicity of fowl aviadenovirus in SPF chicken embryos in Morocco.
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Pathogénicité de I'adénovirus aviaire sérotype 11 sur les embryons de poulet exempts d'agents
pathogénes spécifiques

Résumé

L'hépatite a corps d'inclusion (IBH) associée a l'infection par I'aviadénovirus aviaire (FAdV) a une distribution mondiale, en parti-
culier chez les poulets de chair 4gés de 3 a 5 semaines, entrainant des pertes économiques importantes de l'industrie avicole. Dans
la présente étude, nous avons évalué la pathogénicité du virus FAdV- sérotype 11 isolé¢ au Maroc (souche MOR111115) chez les
embryons de poulets exempts d’agent pathogeéne (SPF). Le FAdV (titre 105/ ml) a été€ inoculé a des ceufs embryonnés SPF a travers
la membrane chorioallontoique (CAM). La mortalité, les 1ésions macroscopiques et microscopiques des embryons ont été évaluées
et la présence du virus a été confirmé par réaction de polymérisation en chaine (PCR). La mortalité embryonnaire cumulative de
100% a été observée 7 jours aprés l'infection (dpi). Les embryons inoculés étaient hémorragiques et le foie était hypertrophié et
friable, avec une décoloration jaune a verdatre. Au microscope, nous avons mis en évidence une nécrose multifocale des groupes
d'hépatocytes avec la présence de corps d'inclusion intra-nucléaires basophiles et éosinophiles dans les hépatocytes. La présence
du virus a été confirmée par PCR conventionnelle basée sur le géne hexon a partir des prélévements du foie, qui constitue 1’organe
cible des infections a FAdV. Il s'agit de la premiere étude de la pathogénicité de I'aviadénovirus aviaire dans les embryons de
poulet SPF au Maroc.
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INTRODUCTION FAdV from broiler poultry was characterized and found
belonging to FAdV-11 and FAdV-8a (Redondo et al.,
2018). In 2019, FAdV was successfully isolated in CEF

cell cultures and in specific pathogen free (SPF) chicken

Inclusion body hepatitis (IBH) associated with fowl aviad-
enovirus (FAdV) infection has a worldwide distribution

(Schachner et al., 2018), especially for broiler chickens
aged 3 to 5 weeks, causing significant economic losses
to poultry industry. The IBH is caused by several sero-
types of fowl adenovirus (McFerran et al., 2003). FAdVs
are classified within the Aviadenovirus genus, family of
Adenoviridae, and are further classified into five species
(FadV-A to FAdV-E) and 12 serotypes (FAdV-1 to 8a and
8b to 11) based on cross neutralization assay (Benko et al.,
2000; Hess, 2000).

In Morocco, outbreaks of IBH in chickens were reported for
the first time in 2013 (Mouahid et al., 2013). Diagnosis was
based on postmortem and histopathological examinations,
which revealed enlarged and pale liver with the presence
of basophilic intranuclear inclusion bodies in hepatocytes.
Thereafter, several further cases of IBH in 2 to 3 week-old
broiler chickens were detected in 2014 & 2015 based on
macroscopic and microscopic changes (Said, 2015) fol-
lowed by one outbreak that has been described in broiler
breeders in 2017 (Salek et Elhoudfi, 2017). In 2018, the
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embryonated eggs from the liver samples collected from
affected broiler and breeder broiler chickens. Those iso-
lates were characterized and found belonging to FAdV-11
(Abghour et al., 2019).

The stand-alone pathogenicity of FAdVs had long been
disputed, given the ubiquity of the viruses versus sporadic
outbreaks. However, taking into account the increase of
the cases in the field, numerous pathogenicity studies with
FAdVs from outbreaks substantiated the primary etiologic
role of particular strains, notably FAdV-4 the causative
agent of hepatitis-hydropericardium syndrome and FAdV-
2, -8a, -8b and -11 serotype (inclusion body hepatitis)
(Schachner et al., 2018; Wei et al., 2019).

Chicken embryonated eggs (CEE) are proven approach
for FAdV pathogenicity studies with several routes of
inolculation through either chorioallantoic membrane
(CAM), yolk sac or intravascular route (Cowen, 1988;
Alemnesh et al., 2012; Maartens et al., 2014). However,
the CAM route of inoculation of embryonated eggs was
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found more sensitive for adenovirus isolation (Kawamura
et al., 1964). Furthermore, Some FAdV strains have been
found to show different pathogenicity in chicken embryos
(Limetal.,2011; Almnesh etal.,2012; Joubertetal.,2014;
Qing et al., 2017; Qinghua et al., 2018; Norfitriah et al.,
2018). Therefore, the purpose of the present study was to
investigate the pathogenicity of the recently isolated viru-
lent FAdV-11 field strain (MOR 111115) on SPF Chicken
embryonated eggs.

MATERIALS AND METHODS
Chicken embryo fibroblast (CEF) cultures

CEF cultures were prepared from 9 to 11 day-old SPF
chicken embryos according to standard procedures.
Eagle’s growth medium (MEM) supplemented with 10%
foetal calf serum, 100 U/ml penicillin and 0.1 mg/ml strep-
tomycin were used. A monolayer of the CEFs was formed
after about 24h of incubation at 37°C under 5% CO2.

Avian adenovirus field strain

The FAdV isolate used in the present study (MOR 111115)
was isolated from a liver sample during an outbreak of IBH
on a commercial broiler chicken in Morocco in 2015 where
clinical signs, necropsy and histological lesions characteristic
of IBH infection were recorded. The genotyping revealed
that the isolate belongs to serotype 11 (Abghour ez al., 2019).

Preparation of virus inoculum

Liver samples from the infected chicken was collected
and processed by three times frozen and thawed and then
homogenized in a suspension of sterile phosphate buffered
saline (PBS) 10% containing 200 IU/ml penicillin and
0.2 mg/ml streptomycin. The suspension was centrifuged
at 2000g for 10 min at 4°C. The supernatant was filtered
through 0.45 um and 0.2 um filter. 500 pl of homogenate
was inoculated on confluent monolayer of the CEFs. The
appearance of a cytopathic effect (CPE) characteristic of

120

100

o0
o]

60

40

%Cumulative mortality

2

o

471

FAdV infection was monitored daily using an inverted
microscope and Polymerase chain reaction (PCR) was per-
formed to confirm the absence of contamination by NDV,
IBV and H9-AIV. The third passage of the strain was kept
at - 20°C for the next step of the study.

Determination of tissue culture infection doses (TCID_)

The TCID,, value of the virus strain were determined in
24-well plates covered with CEF cultures. The CEFs were
infected with tenfold dilutions of virus from 10-' to 107,
three wells were made for each dilution and three wells for
the negative control. The plates were incubated at 37°C with
5% CO, and the cells were examined daily for the appear-
ance of CPE. After seven days of incubation, the TCID, was
determined using the method of reed and Muench (1938).

Pathogenicity assessment of the FAdV isolate in SPF
chicken embryos

Fifteen 10-days-old SPF embryos were inoculated with
100 ul of 10°TCID, /ml of CEF cell cultured virus via the
chorioallantoic membrane (CAM) route. Five embryos
were inoculated with sterile MEM as control. The eggs were
incubated in humidified atmosphere (55%) at 37°C for 7
days. The embryos were candled daily to determine mortal-
ity. Embryos mortalities, which occurred before 24 h, were
regarded as non-specific and discarded. All embryos, which
died after 24 h post-inoculation, as well as those which
survived until experiment termination, were harvested and
necropsied for gross and histological examinations.

Gross and histological examination

On necropsy, the gross lesions were recorded and samples
of liver were fixed in 10% neutral buffered formalin (NBF)
for histological examination. The tissues were embedded
in paraffin blocks according to standard methods, and cut
into 4 pm sections, which were stained with hematoxylin
and eosin (H and E) and examined under light microscope
for lesions associated with FAdV infection.

23 4 5 & 7

Day post-inoculation

Figure 1: Cumulative mortality of the SPF Chicken embryos infected with Moroccan FAdV strain (MOR 111115)
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DNA extraction

The embryos livers were processed for extraction of viral
DNA using the Macherey Nagel Kit (Nucleospin Tissue,
Germany) according to the manufacturer’s instructions but
without preparing and pre-lyse sample steps.

Conventional PCR

Amplification of hexon gene was performed using
published primers, HexF1, 5’GAYRGYHGGRTNBTG-
GAYATGGG-3’ and HexR1, 5’-TACTTATCNACRG-
CYTGRTTCCA-3’ (Mase et al., 2014). PCR reaction was
performed as described previously (Abghour et al., 2019).

RESULTS
Determination of the TCID50

After CPE was observed in infected CEF culture cells, the
TCID;, of the MOR 111115 strain was found to be 10°/ml
using the reed —-Muench method.

Mortality and gross lesions of SPF chicken embryos

The FAdV isolate MOR 111115 caused 100% cumulative
embryonic mortality by day 7 post infection. The cumula-
tive mortality of infected embryos revealed 13% embryos
died at day 2 pi followed by 26% at 3 pi, 40% at 5-day pi,
66% at 6-day piand 100% at day 7 pi (Figure 1).There was
no mortality in control embryos throughout the experiment.
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Upon necropsy, all uninfected embryos were normal with-
out any changes in liver and CAM; however, at 2 to 7 day
pi, the inoculated embryos were hemorrhagic, and showed
enlarged livers, with either yellow to reddish foci or dif-
fuse greenish discoloration (Figure 2A). At 6 and 7-day
pi, the infected embryos were smaller than those of the
control group (Figure 2B). The CAM was opaque, friable,
hemorrhagic and thickened at 6 and 7-day pi (Figure 2C).
The CAM of control embryos was thin with transparent
membrane (Figure 2D).

Histopathological lesions

In control embryos, there were no changes in livers
throughout the trial. Histological changes were observed in
livers of inoculated embryos from 3 to 7 day pi. Multifocal
necrosis of hepatocytes were detected with the presence of
basophilic intra-nuclear inclusion bodies (Figures 3 and 4)
some other inclusions were eosinophilic. The lesions were
more extensive in liver at day 7 pi with congestion, hemor-
rhages and infiltration of inflammatory cells.

Virus detection by PCR

The PCR products visualized in agarose gel electrophoresis
showed the presence of amplified DNA products of 800 bp
in all DNA extracted from the liver samples of inoculated
chicken embryos. This result confirms the presence of
hexon protein gene specific for fowl adenovirus.

Figure 2: Gross lesions of embryos inoculated with FAdV isolate (MOR 111115).
A: inoculated embryos with yellow and swollen liver at day 3 pi, B: inoculated embryos were hemorrhagic and smaller than
control embryos, C: Hemorrhagic and thickened chorioallontoic membrane (CAM) at 6 dpi, D: Normal CAM in control
embryos with thin and transparent membrane.
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Figure 3: Liver of SPF- chicken embryo inoculated with FAdV-
11 field strain (MOR 111115) - multifocal necrosis of groups
of hepatocytes (Arrow) and presence of basophilic inclusions
bodies (intra-nuclear) within hepatocytes. H&E, X10.

Lot

Figure 4: Liver of SPF chicken embryo (higher magnifica-

tion of figure 2) — foci of hepatic necrosis. Cellular debris of

necrotic heterophils and hepatocytes with presence basophi-
lic intra-nuclear inclusion bodies (Arrows). H&E, X40.

DISCUSSION

In recent years, FAdV-11 infection has been very com-
mon in commercial broiler and broiler breeder flocks in
Morocco (Mouabhid et al.,2013; Salek et El Houadfi, 2017;
Redondo et al., 2018; Abghour et al., 2019). FAdV-11
induces IBH characterized by sudden onset of mortality
ranging from 5% to 30%, which result in severe economic
losses. IBHV has been isolated and characterized however,
its pathogenicity was still unknown. Thus, the present work
aimed to assess and determine for the first time the pathoge-
nicity of the Moroccan isolate of FAdV-11(MOR 111115)
in SPF chicken embryonated eggs based on mortality, gross
and histological changes along with the confirmation of
the presence of the virus by conventional PCR in liver of
challenged embryos. It was demonstrated that the isolate
is highly pathogenic in embryos with 100% cumulative
mortality of embryos by day 7 pi. The highest cumulative
mortality was recorded at 5 (40%), 6 (66%) and 7 (100%)
day pi. The present finding is compatible with previous
results of other experiments in which FAdV infection
caused mortality in all infected embryos (Almnesh et al.,
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2012; Norfitriah et al., 2018). In other study, the mortality
rates of embryos were 80-87% for FAdV-2 and 65-80% for
FAdV-8b (Joubert et al., 2014). This variation of mortality
may be related to the route of inoculation, the virulence of
the virus inoculum (Cowen, 1988; Mendelson et al., 1995;
Mazaheri et al., 1998).

Gross lesions observed in the infected embryos were
confined mainly in the livers and CAM with moderate to
severe necrosis, hemorrhages and thickening of the CAM.
In addition, thickening of the CAM was found associated
with opaque lesions at 6 and 7 day pi. Those finding are
compatible with those previously described by other work-
ers (Cowen, 1988; Mazaheri et al., 1998; Almnesh et al.,
2012; joubert et al., 2014; Qing et al., 2017; Norfitriah et
al.,2018).

Microscopic lesions observed in livers ranged from mild

to severe and occurred at 3 to 7 dpi which is similar to
changes, described in earlier trials (Almnesh et al., 2012;
Notfitriah ef al., 2018; Qinghua et al., 2018). Numerous
large basophilic intra-nuclear inclusion bodies were eas-
ily identified in hepatocytes and some few others were
eosinophilic which may be explained by extensive viral
replication and liver damage (Itakura et al., 1977; Riddell,
1987; Weissenbock et Fuchs, 1995).

Viral DNA was detected in all liver samples collected from
dead embryos. These results confirm the presence and rep-
lication of FAAV in livers of the infected embryos. Similar
results were obtained by Qinghua et al., (2018).

In addition, a correlation between mortality, gross lesions,
histological finding and viral DNA detection in liver of
embryos infected with FAdV-11 was found at 6 and 7 dpi.
The mortality of infected embryos was greatest at 6 and 7
dpi, gross lesions were recorded from 2 to 7 dpi, histologi-
cal changes were recorded from 3 to 7 dpi and viral DNA
was detected from 2 to 7 dpi.

CONCLUSION

This is the first Pathogenicity study demonstrating that
FAdV-11(MOR 111115) isolated from outbreaks of IBH
in Morocco, is highly pathogenic in SPF chicken embryos.
This finding has confirmed also the possibility to use the
liver of embryos for isolation and propagation of the virus.
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