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ORIGINAL ARTICLE

Epidemiological and pathological investigation of fowl aviadenovirus serotypes
8b and 11 isolated from chickens with inclusion body hepatitis in
Spain (2011–2013)
S. Oliver-Ferrandoa, R. Dolz a, C. Calderónb, R. Valle a, R. Rivas a, M. Pérez a, M. Biarnés c, A. Blancoc, K. Bertrana†,
A. Ramisd,e, N. Busquets a and N. Majó d,e

aIRTA, Centre de Recerca en Sanitat Animal (CReSA, IRTA-UAB), Campus de la Universitat Autònoma de Barcelona, Bellaterra, Spain;
bUniversidade Estadual do Norte do Paraná - UENP/CLM, Centro de Ciências Agrárias, Bandeirantes, Brazil; cCentre de Sanitat Avícola de
Catalunya (CESAC), Tarragona, Spain; dUAB, Centre de Recerca en Sanitat Animal (CReSA, IRTA-UAB), Campus de la Universitat Autònoma de
Barcelona, Bellaterra, Spain; eDepartament de Sanitat i Anatomia Animals, Facultat de Veterinària, Bellaterra, Spain

ABSTRACT
Inclusion body hepatitis caused by different fowl aviadenovirus (FAdV) serotypes has been
described in several countries in recent years. In Spain, from the spring of 2011 to 2013, an
increased number of outbreaks in broiler and broiler breeder flocks from different regions
occurred. The objectives of the present work were to carry out the molecular characterization
of FAdV strains from Spanish inclusion body hepatitis cases and to study the pathogenicity
and viral dynamics of these strains in specific pathogen-free (SPF) chickens. A total of 52
inclusion body hepatitis clinical cases, including 45 from broiler farms and seven from broiler
breeder farms, were analysed by conventional polymerase chain reaction and sequencing
targeting the FAdV hexon gene. From these, 37 strains were classified as FAdV type 8b, while
the remaining 15 were classified as FAdV types 11 (n = 10), 2 (n = 4) and 8a (n = 1). In
addition, two different FAdVs belonging to the genotypes 8b and 11 were used for
experimental infection. Specific pathogen-free five-day-old birds were inoculated
intramuscularly with a high (106.5 tissue culture infective dose (TCID)50/ml) or low (104

TCID50/ml) dose of the above-mentioned FAdVs. No mortality was observed in any of the
experimental groups, and only one bird showed evident clinical signs. However, macroscopic
and microscopic hepatic lesions, as well as viral DNA, were detected in birds from all
infection groups. Inclusion bodies and viral DNA were also detected in the pancreas and in
the small and the large intestine in some birds. Long-lasting shedding and transmission to
contact birds were confirmed in all infected groups.
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Introduction

Inclusion body hepatitis (IBH) is an acute disease
usually caused by fowl aviadenovirus (FAdV) D
(FAdV-2, -3, -9, -11) and FAdV E (FAdV-6, -7, -8a,
-8b) types (Ojkic et al., 2008a; Steer et al., 2011; Schach-
ner et al., 2016), which are categorized in the genus
Aviadenovirus under the family Adenoviridae (Harrach
et al., 2011; Harrach & Kaján, 2011). IBH has a world-
wide distribution (McFerran & Smyth, 2000), affects
mainly young broiler chickens (3–7 weeks of age)
and is characterized by a sudden increase in mortality,
which may occasionally be as high as 30% (Hess, 2013).

Diagnosis of IBH can be carried out through the
observation of macroscopic and histological lesions in
necropsied birds. Pale, friable and swollen livers are
typically found in IBH-infected birds. Petechial or
ecchymotic haemorrhages may be present in the liver
and skeletal muscles. Basophilic or eosinophilic intra-
nuclear inclusion bodies (INIB) are often observed in

degenerated hepatocytes (Christensen & Saifuddin,
1989; McFerran & Smyth, 2000). FAdV can also be
identified by virus isolation in cell culture (Cowen
et al., 1978) or polymerase chain reaction (PCR) with
primer sequences based on the DNA polymerase
(Kajan et al., 2011), the hexon or the 52K gene (Raue
& Hess, 1998; Xie et al., 1999; Meulemans et al.,
2001; Günes et al., 2012). Moreover, viral tissue distri-
bution techniques have also been successfully applied
(Latimer et al., 1997; Abe et al., 1998). PCR together
with DNA sequencing and/or restriction enzyme
analysis has been used for FAdV typing (Raue &
Hess, 1998; Meulemans et al., 2001).

In recent years, IBH outbreaks have been detected in
different countries; serotypes 2, 4, 8a, 8b and 11 have
been the most frequent serotypes involved (Grgic
et al., 2011; Nakamura et al., 2011; Steer et al., 2011;
Choi et al., 2012; Dar et al., 2012; Kajan et al., 2013; Jou-
bert et al., 2014; Zhao et al., 2015; Schachner et al., 2016).
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Experimental trials to determine the pathogenicity
of recently isolated strains, mainly of FAdV serotypes
8b and 11, have been conducted with inconsistent
results. While some studies (Dar et al., 2012; Zhao
et al., 2015, Matos et al., 2016a) obtained moderate to
severe clinical signs and mortalities when infecting
chickens at different ages (from 1 day to 3 weeks of
age) with FAdV serotypes 8b and 11, Grgic and col-
leagues (2011) could reproduce neither clinical signs
nor mortality after infecting 10-day-old birds with an
FAdV serotype 8 strain. Moreover, in a recently pub-
lished trial (Matos et al., 2016b), birds infected with
FAdV-8b and FAdV-11 showed more severe clinical
signs and mortalities than those inoculated with
FAdV serotypes 2, 7 and 8a.

Before 2011, sporadic cases of IBH in chickens had
been detected in Spain. However, from the spring of
2011 to 2013, an increased number of outbreaks in
broiler and broiler breeder flocks from different regions
of Spain has occurred. The objectives of the present
work were to carry out the molecular characterization
of FAdV strains from IBH cases in Spain and to
study the pathogenicity and viral dynamics of these
strains in specific pathogen-free (SPF) chickens.

Materials and methods

Clinical cases and samples

Based on histology and/or PCR, a total of 52 clinical
cases submitted to Centre de Recerca en Sanitat Animal
(CReSA) or Centre de Sanitat Avícola de Catalunya
(CESAC) were confirmed to be IBH. Histopathological
findings characteristic of IBH included necrotizing
hepatitis with INIB in hepatocytes. All cases were sub-
mitted between 2011 and 2013, and they consisted of
broilers and broiler breeders that showed gross lesions
indicative of IBH. Molecular characterization of the
FAdV involved in these outbreaks was carried out
from frozen or paraffin-embedded liver tissues (see
supplementary data).

FAdV detection by PCR and sequencing

Viral DNA was extracted with two different commer-
cial kits depending on the type of sample: a QIAamp
DNA FFPE Tissue kit (Qiagen, CA, USA) was used
for formalin-fixed and paraffin-embedded livers, and
a NucleoSpin Blood kit (Macherey-Nagel, GmbH &
Co. KG, Germany) was used for frozen tissues. When
DNA had to be extracted from paraffin-embedded tis-
sues, samples were deparaffinized following the proto-
col described by Sorg & Metzler (1995). DNA
extraction was performed according to the protocol
supplied by the manufacturers. For the detection and
amplification of aviadenovirus DNA, a previously pub-
lished PCR technique amplifying fragments that were

590 base-pairs long within the hexon gene of FAdV
was used (Raue et al., 2005). The amplified PCR pro-
duct was purified using NucleoSpin Gel and a PCR
Clean-up kit (Macherey-Nagel) according to the man-
ufacturer’s instruction. Sequencing reactions were per-
formed with a BigDye Terminator v3.1 Cycle
Sequencing kit (Applied Biosystems, Foster City, CA,
USA) and analysed using a 3130xl Genetic Analyser
(Applied Biosystems).

Hexon gene phylogenetic and sequence analysis

Partial nucleotide sequences of the FAdV hexon gene
were analysed using Bioedit v7.0.9.0 (Hall, 1999).
Sequences were aligned using the Clustal W multiple
alignment method included in the Bioedit package
(Thompson et al., 1994). Twelve FAdV reference
strains retrieved from the GenBank database were
included in the comparison. The phylogenetic tree
was constructed using the neighbour-joining method
with 1000 bootstrap replicates using MEGA version 4
(Tamura et al., 2007).

Viruses used for experimental infections

For the present study, two different FAdVs belonging
to genotypes 8b and 11, which were obtained from
two clinical cases suspected for IBH and submitted to
CReSA and CESAC, were used. Both isolation and
virus titration were carried out at CESAC laboratories.
To isolate the viruses, liver tissue samples received were
frozen and thawed twice, macerated in phosphate buf-
fered saline (PBS) (10% w/v) with 2% antibiotics and
antifungals (penicillin/streptomycin and amphoteri-
cin/fungizone) and centrifuged (252 × g, 10 min, 4°C).
The supernatant was filtered twice through sterile syr-
inge filters (0.45 μm and 0.20 μm). The filtered super-
natant was used to inoculate chicken embryo liver cells
from 14-day-old SPF chicken embryos. The 60-mm
culture plates were seeded as 1 × 106 cells/dish and
incubated (37°C, 5% CO2). The inoculation was done
with 200 µl of supernatant when confluency was 90–
100% at t = 24–48 h. After 48–72 h of infection, a
viral plaque was selected and propagated using chicken
embryo liver cells, as described above. This procedure
was repeated twice to prepare the virus stock.

Virus titration was performed in 96-well culture
microplates seeded with chicken embryo liver cells
(15 × 106 cells/plate). Virus inoculation was done 24–
48 h after seeding. The titration plates were inoculated
with 10-fold dilutions of the virus at 20 μl/well. The
plates were examined daily for discernible cytopathic
effects up to 72–96 h post-inoculation when the final
read was done. The TCID50 of the virus was deter-
mined and titres were calculated as previously pub-
lished (Reed & Muench, 1938).
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Experimental design for pathogenicity studies of
FAdV isolates in SPF chickens

Five-day-old SPF layer chickens (VALO, Lohmann
Tierzucht GmBH, Cushaven, Germany) were used.
The birds were distributed into five experimental
groups. All groups were housed separately in nega-
tive-pressure isolators. Groups 1, 2, 3 and 4 consisted
of eight chickens inoculated by intramuscular route
and four un-inoculated birds, which were introduced
in the isolator 24 h after inoculation (contact birds).
Groups 1 and 2 were inoculated with 250 μl of 104

TCID50/ml of FAdV-8b and FAdV-11, respectively,
while groups 3 and 4 were infected with 250 μl of
106,5 TCID50/ml of FAdV-8b and FAdV-11, respect-
ively. The negative control group (group 5) contained
six chickens inoculated with PBS. All experiments
were performed at Biosafety Level 3 facilities of the
Centre de Recerca en Sanitat Animal (CReSA-Barce-
lona). The present study was conducted in accordance
with the Guidelines of the Good Experimental Prac-
tices and under the supervision and approval of the
Ethical and Animal Welfare Committee of the Univer-
sitat Autònoma de Barcelona (Permit Number:
DMAH-4239).

Clinical signs and mortality were evaluated daily for
15 days. Clinical scores were recorded as follows: 0 =
birds without any clinical signs; 1 = birds depressed,
showing ruffled feathers and resistant to move; 2 =
birds with severe clinical signs, unable to move; and
3 = birds found dead. Birds showing a clinical score
of 2 were humanely euthanized. Cloacal swabs were
taken from four inoculated birds and four contact
birds in each group at 1, 2, 3, 4, 5, 7, 9, 12 and 15
days post-inoculation (dpi). Two inoculated birds in
each group were euthanized and necropsied on days
5 and 8; the remaining chickens were killed and
necropsied on day 15 after inoculation. Before euthana-
sia, sera from all birds were collected.

After postmortem examination, liver fragments
were collected and frozen at −80°C for FAdV PCR
detection. In addition, tissue samples from the oeso-
phagus, proventriculus, gizzard, duodenum, jejunum,
ileum, distal caecum, caecal tonsil, rectum, bursa of
Fabricius, liver, pancreas, spleen, kidney, adrenal
glands, heart, lung, trachea, thymus, pectoral muscle,
sciatic nerve, oviduct/testicle, bone marrow, skin,
nasal turbinates and brain were fixed in 10% neutral-
buffered formalin for histopathological analysis and
in situ hybridization (ISH) FAdV detection.

Histopathology and virus detection by ISH

After fixation in 10% neutral-buffered formalin and
embedding in paraffin, tissue sections were processed
routinely for haematoxylin/eosin (HE) staining and
examined under a light microscope. Microscopic

lesions were evaluated in all collected organs. Necrosis
extension observed in the liver and pancreas was semi-
quantified, and lesion scoring was established as fol-
lows: negative (−) (no lesion), mild (+) (single necrotic
cells), moderate (++) (multifocal areas of necrosis) and
severe (+++) (diffuse necrosis). Moreover, in all organs,
the presence or absence of INIB was also assessed.

Two digoxigenin (DIG)-labelled probes were gener-
ated to detect the presence of serotypes 8b and 11 of
FAdV in different tissues through ISH. These hybridiz-
ation probes were synthesized using a PCR DIG Probe
Synthesis kit (Roche, Penzberg, Germany) following
the manufacturer’s instructions. Small amounts of
DNA (50–100 ng) isolates from liver samples belong-
ing to genotypes FAdV-8b and FAdV-11 were used
to synthesize the DIG-labelled probes.

ISH was carried out in all formalin-fixed and paraf-
fin-embedded tissues. All solutions and buffers were
prepared in diethylpyrocarbonate-treated water.
Probes were denatured at 80°C for 10 min; hybridiz-
ation with the probes was subsequently performed at
37°C for 1 h. Colour was developed by the addition
of a commercially available nitro blue tetrazolium
(NBT)/5-bromo-4-chloro-3-indolyl-phosphate (BCIP)
chromogen solution (NBT/BCIP Stock Solution,
Roche, Mannheim, Germany) for 20 min at 37°C.
This technique was performed on all organs from
birds euthanized on 5 dpi and 8 dpi, in all groups.
ISH labelling in all birds and tissues was semi-quanti-
fied as follows: negative (−) (no positive staining),
mild (+) (>1% to <25% of cells showing positive stain-
ing), moderate (++) (>26% to <50% of cells showing
positive staining) and intense (+++) (>51% of cells
showing positive staining).

Viral quantification by real-time PCR

To determine the viral load in the livers (0.1 mg) and
cloacal swabs from experimental pathogenicity studies,
total DNA was extracted using a NucleoSpin Blood kit
(Macherey-Nagel) and amplified with a SYBR Green-
based real-time PCR, as reported previously (Günes
et al., 2012) with minor modifications. Real-time PCR
was carried outwith a 7500FASTReal-TimePCRSystem
(Applied Biosystems). Each 25-μl reaction mixture
(Power SYBR Green PCR Master Mix, Applied Biosys-
tems) contained 5 μl template DNA and 1.75 μl of each
primer (52K-fw and 52K-rv) at 10 μM. The PCR was
started with an initial denaturation step of 2 min at
94°C. The temperature profile of the following 40 cycles
consisted of 1 min at 94°C for denaturation, 1 min at 60°
C for primer annealing and 1.5 min at 72°C for
elongation. The reaction was terminated by final
elongation steps of 15 s at 95°C, 1 min at 60°C and 15 s
at 95°C. The fluorescence data were collected during
the annealing/extension step. Data analysis was per-
formedusing 7500 Software v2.0.6 (Applied Biosystems).
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Serology

Serum antibodies against FAdV were examined using a
commercial ELISA test (FADV ELISA CK132, Biochek,
Reeuwijk, Holland) following the manufacturer’s
instructions.

Results

Genotyping of FAdV involved in field outbreaks

A total of 52 FAdVs detected from IBH cases, including
45 from broiler farms and seven from broiler breeder
farms, were analysed by conventional PCR and sequen-
cing (see supplementary data). According to the phylo-
genetic analysis based on the hexon gene with available
sequences of FAdV from GenBank (Figure 1), 37
FAdVs were classified as FAdV type 8b, showing maxi-
mum nucleotide identities with the FAdV-8b reference
strain (764-EU979375) (96.3–100%) and lower simi-
larities with the other reference strains (less than
84.6%). One isolate was grouped into FAdV-8a, show-
ing maximum nucleotide identities with the FAdV-8a
reference strain (TR59-EU979374) (97.4%) and less
than 79% with the other reference strains. Ten isolates
were classified as FAdV-11, presenting maximum
nucleotide identities firstly with the FAdV-11 reference
strain (UF71-EU979378) (97.3%), and secondly with
the FAdV-2 strain (685-AF508947) (94.5%); the simi-
larities with the other reference strains were less than
69.7%. The remaining four isolates were assigned to
FAdV-2, presenting maximum nucleotide identities
with FAdV-2 (97.1%) and FAdV-11 (94.3%) reference
strains, respectively. The similarities with the other
reference strains were less than 67.9%.

Clinical cases of FAdV infection occurred in broilers
that were nine to 31 days old and broiler breeders that
were nine to 15 days old. In total, 77.8% (n = 35), 13.3%
(n = 6), 6.7% (n = 3) and 2.2% (n = 1) of the broiler
cases were caused by FAdV types 8b, 11, 2 and 8a,
respectively. In broiler breeders, 28.6% (n = 2), 57.1%
(n = 4) and 14.3% (n = 1) of the cases were associated
with FAdV types 8b, 11 and 2, respectively.

Experimental infection of SPF chickens

Clinical signs and mortality of the experimental
birds

No mortality was observed in the inoculated or control
chickens. Only one bird from group 3 showed evident
clinical signs (score = 2) at 5 dpi.

Gross and histopathological findings

Macroscopically, the most striking lesion was observed
in the liver of birds from groups 3 and 4, inoculated

Figure 1. Neighbour-joining phylogenetic tree with 1000 boot-
strap replicates showing the relationships among the deduced
amino acid partial sequences of the FAdV hexon gene. Spanish
FAdV strains (52) detected from 2011 to 2013 and main refer-
ence FAdV serotype strains (12) are compared. Horizontal
branches indicate the sequence distance (number of amino
acid substitutions per site) and are drawn to scale.
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with higher doses of both viruses at 5 and 8 dpi. The
lesion resulted in focal to diffuse paleness and friability
of the liver. Histologically, most relevant lesions were
observed at 5 dpi in the liver of birds from all groups
and at 8 dpi in livers belonging to birds of groups 3
and 4. Microscopic lesions (Figure 2) ranged from
single-cell necrosis to diffuse hepatic necrosis, often
associated with the presence of INIB in degenerated
hepatocytes. Pancreatic necrosis frequently associated
with INIB was also observed in birds from groups 1,
3 and 4 at 5 dpi, and in chickens from groups 2 and
4 at 8 dpi. Interestingly, INIB were also visualized in
the enterocytes of the small and large intestines of
birds from group 3 at 5 dpi and 8 dpi. At 15 dpi, no sig-
nificant pathological findings were noted. Significant
microscopic lesions were not observed in the remain-
ing organs. No significant gross or histological lesions
were observed in the contact birds or controls.

Viral DNA tissue distribution by ISH

At 5 dpi, the viral genome was detected in the nuclei of
the hepatocytes and pancreatic exocrine cells of birds
belonging to groups 1, 3 and 4. No viral DNA was
observed in these organs at 8 dpi. Viral DNA was
further observed in the nuclei of enterocytes of the
small and large intestines only in the birds in group
3, at both 5 dpi and 8 dpi (Figure 2).

Serology

Seroconversion was observed in some birds in groups 3
and 4. Serum antibodies against FAdV were present in
five inoculated birds in group 3 (titres ranged from

1529 to 9580), and two inoculated (titres were 3064
and 1228) and two contact birds (titres were 2382
and 2598) in group 4 from 8 dpi onwards. Antibody
titres against FAdV were not detected in groups inocu-
lated with the lower doses (groups 1 and 2).

Viral DNA detection in the liver

Viral DNA was detected in the livers of birds necrop-
sied at 5 and 8 dpi from all groups. In all cases, the
highest concentrations of the virus were detected on
day 5 (Figure 3). On that day, virus replication in
infected birds with either dose of FAdV-8b (groups 1
and 3) was higher than that of birds infected with
FAdV-11. Otherwise, in infected birds with FAdV-11
(groups 2 and 4), higher concentrations of the virus
in the liver were detected at 8 dpi, compared to the
livers of birds infected with FAdV-8b. Viral DNA
was not detected in any experimental bird at 15 dpi.

Viral shedding

The viral genome was detected in cloacal swabs during
the experimental period in inoculated as well as contact
birds. In inoculated birds, shedding was consistent and
long lasting during all tested days (Figure 4). Viral shed-
ding of birds inoculated with the lower dose of FAdV-8b
and FAdV-11 peaked at 9 dpi and 7 dpi, respectively. In
birds inoculated with the higher dose, peak excretion
occurred earlier (at 5 dpi for both serotypes). In contact
birds that received the lower dose, viral DNA from cloa-
cal swabswas detected for 12 days (3–15 dpi) in serotype
8b, and for 10 days (5–15 dpi) in serotype 11, showing
the highest viral load at 12 dpi. Contact birds that

Figure 2.Microscopic lesions (H/E) and the presence of FAdV nucleic acid (ISH) observed in liver, pancreas and intestines at 5 dpi in
chickens experimentally infected with the higher dose of FAdV-8b. Black-filled arrows indicate INIB.
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received the higher dose had a similar shedding profile to
the contact birds that had received the low dose, though
shedding started one or two days earlier in serotypes 8b
and 11, respectively, and peak excretion was also
observed earlier (at 9 dpi).

Discussion

In recent years, IBH outbreaks caused by different
FAdV serotypes have been described in Canada

(Philippe et al., 2005; Ojkic et al., 2008a, b; Grgic
et al., 2011; Dar et al., 2012), the USA (Wilson et al.,
2010), the Republic of Korea (Choi et al., 2012),
India (Thakor et al., 2012), South Africa (Joubert
et al., 2014), Japan (Nakamura et al., 2011), China
(Zhao et al., 2015), Australia (Steer et al., 2011) and
in some European countries (Pizzuto et al., 2010;
Zadravec et al., 2011, 2013; Kajan et al., 2013; Schach-
ner et al., 2016). Most of these outbreaks have been
associated with genotypes FAdV-D, -E or -C, with ser-
otypes 2, 4, 8b and 11 being the most frequently
involved. Our epidemiological study revealed that ser-
otypes 8b and 11 of FAdV are the most predominant in
IBH cases in Spain.

The present study indicates that the majority of IBH
cases in broilers and broiler breeders in Spain were
caused by serotypes 8b and 11, respectively. In pre-
viously published articles, IBH cases in broilers caused
by either serotype 8b or 11 have been reported (Ojkic
et al., 2008b; Steer et al., 2011; Choi et al., 2012;
Kajan et al., 2013; Zhao et al., 2015). Serotype 2 strains
were detected in broiler breeder as well as in broiler
samples in our study, while in other studies FAdV-2
was most frequently isolated from the livers of broiler
breeders (Philippe et al., 2005, 2007; Ojkic et al.,
2008a).

Several studies showed very low or no mortality in
broilers inoculated with FAdV-8b by the intramuscular
route at two weeks of age, but high mortalities were

Figure 3. Viral detection by real-time PCR in liver samples from
groups 1, 2, 3 and 4 at 5 and 8 dpi. Groups 1 and 2 were inocu-
lated with 104 TCID50/ml of FAdV-8b and FAdV-11, respectively,
and groups 3 and 4 were infected with 106,5 TCID50/ml of FAdV-
8b and FAdV-11, respectively. Ct, cycle of threshold.

Figure 4. Viral shedding (expressed as inverted Ct values) detected by real-time PCR over 15 days in cloacal swabs of SPF chickens
infected with different strains and doses of FAdV. Chickens infected with 104 TCID50/ml of FAdV-8b and FAdV-11 (a) and contact
chickens (c), and chickens infected with 106.5 TCID50/ml of FAdV-8b and FAdV-11 (b) and contact chickens (d). Ct, cycle threshold.
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observed in infected birds between one and four days of
age (Grimes et al., 1978; Cook, 1983; Reece et al., 1987;
Saifuddin & Wilks, 1990; Pilkington et al., 1997; Naka-
mura et al., 2000; Dar et al., 2012). In a recent study
(Steer et al., 2015), one-day-old chickens were infected
with FAdV by the ocular route, and only some birds
inoculated with serotype 8b showed mild clinical
signs and mortality. Although the two FAdV strains
used in the present study were isolated from commer-
cial chickens with clinical signs, experimental infection
with these viruses resulted in severe clinical signs only
in one bird inoculated with the higher dose of FAdV-
8b. Altogether, these results confirm that the outcome
of FAdV infection may depend on different factors
such as age, genetic background of the bird, experimen-
tal versus field condition, route of inoculation, etc.

Macroscopic lesions observed in the liver following
experimental infection with FAdV-8b and 11 were
similar to lesions described previously (Grimes et al.,
1978; Alvarado et al., 2007). Histologically, the pres-
ence of hepatic necrosis with INIB is a feature of IBH
associated with FAdV infection, which has also been
previously described (Grimes et al., 1978; Saifuddin &
Wilks, 1990; Dar et al., 2012; Steer et al., 2015; Zhao
et al., 2015). Moreover, in the present study, INIB in
pancreatic and intestinal cells have also been observed;
these findings are in accordance with previously pub-
lished studies (Gallina et al., 1973; Gomez-Villamandos
et al., 1992; Tanimura et al., 1993; Nakamura et al.,
1999, 2011). Histological lesions or viral DNA by ISH
were only detected in the liver, pancreas and intestine,
suggesting that replication may be efficient only in
these organs.

In our study, a correlation between macroscopic
lesions, histological findings and ISH results at three
time points (5, 8 and 15 dpi) was noticed. In general
terms, tissue samples that showed INIB were positive
for ISH. In addition, it is important to point out that,
regardless of the serotype and the dose inoculated,
the most extensive lesions and highest viral load were
detected at 5 dpi in the liver. This is in accordance
with similar studies that also showed high viral loads
in livers from birds infected with FAdV-8 and FAdV-
11 between 4 and 7 dpi (Okuda et al., 2004; Grgic
et al., 2011; Steer et al., 2015; Matos et al., 2016a, b).

Despite the lack of clinical signs, birds inoculated
with the two viruses at different doses excreted the
virus by the cloacal route during the whole experimen-
tal period (15 dpi), being more evident from 4 to
12 dpi. The viral shedding pattern of FAdV-8 has
been previously described (Grgic et al., 2011), but
this is the first study reporting the viral load in the
faeces of birds inoculated with FAdV-11.

The results of the experimental infection indicate
that FAdV-8b and FAdV-11 spread rapidly to un-
inoculated birds through direct contact with infected
birds. Contact birds were probably infected by the

oral route from the contaminated faeces of the inocu-
lated chickens. In other trials, horizontal transmission
of different FAdV serotypes (including 8b and 11)
was also achieved (Mendelson et al., 1995; Ono et al.,
2007; Matos et al., 2016b). In our study, shedding
results correlated with the administered dose; that is,
birds infected with the higher viral dose excreted the
virus at a higher concentration, and birds in contact
with them started to excrete the virus earlier than the
ones infected with a low dose.
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