
Vol.:(0123456789)1 3

Archives of Virology (2018) 163:3005–3013 
https://doi.org/10.1007/s00705-018-3965-9

ORIGINAL ARTICLE

A comparative pathogenicity analysis of two adenovirus strains, 1/A 
and 8a/E, isolated from poultry in Poland

Jowita Samanta Niczyporuk1 · Hanna Czekaj1

Received: 23 October 2017 / Accepted: 11 July 2018 / Published online: 31 July 2018 
© The Author(s) 2018

Abstract
Fowl adenoviruses (FAdVs) are the causative agents of multietiological syndromes and diseases in poultry flocks. During 
a routine diagnostic examination, two FAdVs strains were isolated. Molecular typing of these isolates based on the partial 
loop L1 HVR1-4 region of the hexon gene sequence revealed the presence of different FAdV isolates: 1/A-61/11z (Gen-
Bank accession number KX247012, APP94082), and 8a/E-6/12j (GenBank accession number: KP890032, ALB00550), 
and comparative genome analysis indicated small differences between these two viruses. The next step of the study was the 
estimation of the pathogenicity of these isolates in specific-pathogen-free (SPF) chickens. Chickens were divided into three 
groups, with 20 chickens per group infected intraperitoneally on the first day after hatching. Group I consisted of chickens 
infected with strain FAdV-1/A-61/11z, group II consisted of chickens infected with strain FAdV-8a/E-6/12j, and group III 
consisted of uninfected birds. Clinical signs observed in infected chickens included poor growth, apathy, prostration, ruffled 
feathers, crouching position, and huddling behavior. The mortality rate in chickens infected with FAdV-1/A-61/11z was 10% 
at 10 days postinfection (dpi), and no mortality was observed in chickens infected with the FAdV-8a-6/12j strain. The mean 
real-time PCR threshold cycle (Ct) value was 39.70%. The detection limit of these assays was 8 copies, with an efficiency 
of 91.03% and 95.17% and regression square (R2) values of 0.991 and 0.997, respectively, with a mean pathogen load of 
4.8 ×  106.0 copies/µl. The assays did not demonstrate cross-reactivity between types 1/A and 8a/E and non-targeted poultry 
viruses. Adenoviral DNA was detected in the liver, spleen, kidney, gizzard, intestine, bursa of Fabricius, and thymus of every 
examined dead and euthanized chicken from groups I and II between the third and fourth week postinfection. This is the first 
study conducted on the pathogenic and apathogenic strains FAdV-1/A and FAdV-8a/E, showing the presence of the virus 
in multiple tissues in chickens in Poland. This study revealed that it is very likely that the FAdV-1/A-61/11z strain is able 
to cause clinical inclusion body hepatitis (IBH) in chickens and that it is slightly more virulent than the FAdV-8a/E-6/12j 
strain, although both are primary pathogens of the disease.

Introduction

Fowl adenoviruses (FAdVs) are widely distributed in poultry 
populations around the world [12, 24, 25] and have been iso-
lated from sick birds as well as from birds without any clini-
cal signs of infection [4, 6, 24, 25]. In recent years, the num-
ber of adenovirus infections associated with inclusion body 
hepatitis (IBH) and gizzard erosion and ulceration (GEU) 

in poultry flocks in Poland and other European countries 
has increased. Most cases have been observed in broilers 
between 3 to 5 weeks of age. As a result of these findings, a 
study on two FAdVs strains isolated from diseased chickens 
in Poland, including phylogenetic and pathogenic analysis, 
was undertaken. FAdVs may cause infection independently, 
or they may be one of the factors involved in various multi-
etiological syndromes [6]. At present, the pathogenic role of 
adenoviruses is changing, and some FAdVs types (2, 11/D, 
8a, and 8b/E) may be responsible for clinical manifestations 
of IBH [5, 25, 27, 29, 37, 40, 41]. Strains belonging to type/
species FAdV-1/A are responsible mainly for adenoviral 
gizzard erosion (GEU) [8, 10, 15–17, 26, 31, 32]. FAdV-
4/C strains are responsible for hepatitis-hydropericardium 
syndrome (HHS), mainly in Asia, some Arab countries and 
Latin America [7]. Adenoviruses of types 7/E and 1/A are 
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responsible for failure of chicken vaccination and immuno-
deficiency [28, 35]. The presence of FAdV DNA in infected 
birds may be detected in many internal organs, including 
trachea, kidney, liver, spleen, intestines, gizzard, and bursa 
of Fabricius [1]. Virus tropism depends on the age of the 
bird and immunological competence of the strain. Different 
strains have different levels of pathogenicity and virulence, 
which may determine the outcome of the infection as well 
as cell tropism [3, 6, 11, 30]. Adenoviruses have an affinity 
for certain receptors [18, 24, 33].

The pathogenic properties of FAdVs differ among the 
various types, which are defined by differences in their 
hexon proteins. [12, 20]. The latency period may be very 
short, ranging from to 48 h. Antibodies against one type can-
not protect against infection with other types [12]. Neutral-
izing antibodies against FAdV-9 may neutralize the antigen 
of FAdV-3, but they are not specific [6]. Cross-neutralisation 
has also been observed between FAdV-2 and FAdV-11/D. 
These types are closely related, and cross-neutralisation 
between them has been reported previously [28].

The aim of this study was to estimate the occurrence and 
pathogenicity of adenovirus strains FAdV-1-61/11z and 
FAdV-8a-6/12j in experimentally infected specific-patho-
gen-free (SPF) chickens.

Materials and methods

Chicken embryo fibroblast (CEF) cultures

CEF cultures were prepared from 9- to 11-day-old SPF 
chicken embryos (Lohmann, Germany) according to stand-
ard procedures. Eagle’s growth medium (MEM) supple-
mented with 10% foetal bovine serum and 1% antibiotic-anti-
mycotic mixture (Gibco, UK) was used. The maintenance 
medium consisted of MEM with 1% antibiotic-antimycotic 
mixture. A monolayer of the CEFs was formed after about 
24 h of incubation at 37.5 °C.

Virus strains

Virus strain FAdV-1/A-61/11z was isolated from the giz-
zard of a 21-day-old broiler Ross 308, in which postmortem 
examination revealed changes in the liver that were charac-
teristic of IBH. The field strain FAdV-8a/E-6/12j was iso-
lated from the intestine of a 42-week-old MESSA hen, in 
which Marek’s disease virus had also been detected.

Standards

Tenfold serial dilutions of the standard virus strain ATCC 
grp1 were used for the quantification of unknown samples.

DNA quantification

For the quantification of DNA, amplicons of 830 bp from 
the positive samples were purified and ligated into pGEM-
T vector (3015 bp) as per the manufacturer’s instructions 
(Promega USA). Clones were then isolated and quantified.

Calculation of  TCID50

The virus strains were propagated in CEF cultures and were 
incubated at 37 °C for five days in the presence of 5% of 
 CO2. The cells were examined daily for the appearance of a 
cytopathic effect (CPE), which is characteristic of an adeno-
virus infection. Three passages were made. The isolates were 
kept at -20 °C for the next step of the study. The  TCID50 
values of the virus strains were determined in 24-well 
plates (Thermo Scientific, USA) covered with CEF cultures 
(18-24 h). The CEFs were infected with tenfold dilutions 
of the virus stocks, from  10−1.0 to  10−7.0: three wells for 
each dilution and three wells for the negative control. The 
plates were incubated at 37.5 °C with 85% humidity in an 
atmosphere of 5%  CO2, and the cells were examined daily 
for the appearance of CPE, using a microscope (Zeiss HXP 
120, Germany). After six to seven days of incubation, the 
 TCID50 was determined by the method of Reed & Muench 
[34]. The DNA of two FAdV strains was extracted from 
CEFs using a QIAamp Mini-Kit (QIAGEN, Germany) 
according to the manufacturer’s instructions. The negative 
DNA controls were extracted from uninfected CEFs. The 
DNA was stored at -20 °C and later used as the template for 
sequencing. Extracted FAdVs DNA was tested by PCR and 
RT-PCR to confirm the absence of other pathogens such as 
avian reovirus (ARV) [39], chicken anemia virus (CAV) [2], 
infectious bursal disease virus (IBDV) [38], Marek’s disease 
(MD) [28], and plaque passage was performed.

Amplification of a target gene by PCR

The primers, FAdVF JSN (5’aatgtcacnaccgaraaggc3’) 
and FAdVR JSN (5’cbgcbtrcatgtactggta 3’) were used for 
PCR. They were designed using Primer 3 software (http://
bioin fo.ut.ee/prime r3-0.4.0/) and were based on a loop L1 
HVR1-4 fragment of the hexon gene that is strictly con-
served among FAdV types, at nucleotide position 178-
1017 (based on FAdV-1, GenBank accession number 
AC_000014).

PCR was conducted in a final volume of 25 µL of reac-
tion mixture, which contained 2.5 μL of 10x PCR buffer, 1 
μL of dNTPs (10 mM) (Fermentas, USA), 1.5 μL of each 
of the primers (10 μM), 2 μL of the DNA template, 11.5 
μL of sterile water, and 1.0 μL of DNA polymerase. After 
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pre-denaturation at 95 °C for five min, the extract was dena-
tured at 94 °C for 45 s, and the primer was annealed at 55 °C 
for 1 min, followed by product elongation at 72 °C for 2 
min and a final elongation at 72 °C for 10 min. Thirty-five 
amplification cycles were performed using a basic gradient 
thermocycler (Biometra, Germany). The results were con-
sidered positive if the resulting DNA product had the pre-
dicted size of 830 bp. After the amplification, the two PCR 
products were purified using a NucleoSpin Extract II Kit 
(Macherey-Nagel, France) and sent to GenoMed (Warsaw) 
for sequencing.

Amplification of the target gene by real‑time PCR

Real-time PCR was conducted in an ABI7500 system 
(Applied Biosystems, USA) in a final volume of 25 µL con-
taining 12.5 µL of 2x Master Mix SYBR Green (QIAGEN, 
Germany) 1.0 µL of the primers FAdV-1F and FAdV-1R or 
FAdV-8aF and FAdV-8aR (40 pM each), 8.5 µL of PCR-
grade water, and 2.0 µL of DNA template. For type 8a/E, 
the primers for real-time PCR were FAdV-8aF (5’-GAC 
AGA GGT CCT TCC TTC AA-3’) and FAdV-8aR (5’-TCA 
GGC TAT CGG TAA AGT CC-3’), and the Taq Man probe 
was JSNRT/8a/E (5’-AAT CCC TAC TCG AAC ACC CC-3’). 
For type 1/A, the primers were FAdV-1 F (5’-TTC GAG ATC 
AAG AGG CCA GT-3’), and FAdV-1 R (5’-GGT CGA AGT 
TGC GTA GGA AG-3’), and the Taq Man probe was JSN 
RT1/A (5’-AAT CCC TAC TCC AAC ACC CC-3’). After a 
pre-denaturation step at 95 °C for 15 min, 40 cycles were 
done with subsequent signal acquisition, at 94 °C for 30 s 
and 55 °C for 45 s for the second step. This was followed by 
melting curve analysis at temperatures ranging from 55 °C 
to 95 °C. The fluorescence signal at the cycle threshold (Ct) 
exceeded a defined threshold limit. Samples that reached the 
threshold before 36 cycles were considered positive. The 
quantity of adenovirus DNA was determined from a standard 
curve generated using a set of five nucleic acid standards 
ranging from  108 to  104 copies/ml for type 1/A and 8a/E, 
respectively.

Sensitivity and specificity

Sensitivity and specificity were determined based on an 
amplification curve and a Ct value obtained using ten-
fold dilutions from  101.0 to  105.0 of DNA extracted from 
CEFs infected with the reference strains, representing types 
FAdV-1/A and FAdV-8a/E, which were detected using spe-
cific primers. The sensitivity, expressed as copies per µl, 
was determined for both FAdV types. The specificity of the 
primers was checked to exclude cross-reactivity with other 
pathogens.

Sequence alignment and phylogenetic analysis

Sequencing was performed using the Sanger method 
and a GS FLX/Titanium sequencer (Roche, Switzerland) 
at Genomed (Warsaw). The sequences obtained for the 
loop L1 region of the hexon gene of the FAdVs strains 
1/A-61/11z (KX247012) and 8a/E-6/12j (KP890032) 
were compared with sequences of adenovirus strain 1/A 
(AC_000014) and fowl adenovirus 8a strain (KT862810), 
respectively, obtained from the GenBank database to 
determine the level of nucleotide and amino acid sequence 
identity and to determine the type/species. Sequences of 
five additional adenovirus species A-E were also obtained 
from the GenBank database. A phylogenetic tree was 
constructed using the maximum-likelihood method, and 
molecular analysis was performed using the computer soft-
ware MEGA7, Geneious 6.2, and BLAST.

Animals and ethics statement

Sixty one-day-old SPF chickens (Lohmann Tierzucht, Ger-
many) were used to determine the pathogenicity of two 
FAdV strains. The trial protocol was approved by the local 
ethics commission. During an experimental period of 4 
weeks, the chickens were housed in an animal facility. Every 
effort was made to minimize their suffering.

Experimental setting

The chickens were divided into three equal groups. The 
chickens in group I were infected with strain FAdV-1/A-
61/11z, which had been obtained from an IBH case, at a 
dose of  104.0  TCID50/0.2 mL. The chickens in group II were 
infected with strain FAdV-8a/E-6/12j at a dose of  104.0 
 TCID50/0.2 mL. The chickens in group III were injected 
with 0.2 ml of PBS. All chickens were infected and injected 
intraperitoneally. The doses of the viruses were deemed to 
be infectious, but not lethal. The birds were kept in isolated 
rooms, in negatively pressurized BSL3 animal facilities and 
provided with compound feed and water ad libitum. They 
were observed daily for clinical signs through a monitoring 
system throughout the experiment. At 1, 2, 3 and, 4 weeks 
postinfection, four birds from each group were bled and 
euthanized according to the required procedure, and nec-
ropsy examinations were performed. All birds were eutha-
nized with the approval of the ethics commission. During 
post-mortem examination, samples of the bursa of Fabricius, 
liver, and other organs with pathological changes were col-
lected. Samples were also collected from dead birds. DNA 
was extracted from of 100 mg tissue homogenate in 200 µl 
PBS, and real-time PCR was conducted.
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Virus detection and quantification

The copy number of FAdV-1/A-61/11z and FAdV-8a/E-
6/12j in each internal organ was determined by real-time 
PCR. Each tissue was tested in duplicate. A sample was con-
sidered positive when both replicates had similar Ct values 
(+/-3) and matching curve profiles. Serial dilutions of the 
standard plasmid from 1 ×  101 to 1 ×  1010 copies/µl were 
used to create a standard curve.

Results

The nucleotide sequence of the loop L1 region of the hexon 
gene was determined for the isolates FAdV-1/A-61/11z 
and FAdV-8a/E-6/12j, and each was compared to that of 
a selected reference strain: AC_000014 and KT862810 
(FAdV-1/A and FAdV-8a/E), respectively. A phylogenetic 
tree is shown in Fig. 1, and sequence comparisons are shown 
in Fig. 2. A molecular analysis of adenovirus strains showed 
that they are divided into two main branches representing 
types A/1 and E/8a. Interestingly, strain FAdV-1/A-61/11z 
is not closely related to the other GEU-causing strains, but it 
is closely related to the reference strain AC000014 (Fig. 2). 
Strain FAdV-1/A-61/11z was found to contain 17 substitu-
tions and 5 deletions (Fig. 2). Three differences were found 
between the sequences of FAdV-8a/E-6/12j and FAdV-8aTR 
59: 436 C→T, 504 A→G, and 507 T→C. The results are 
in agreement with the ICTV classification of adenoviruses.

Determination of the  TCID50 of the propagated 
strain

In the next step of the study, the  TCID50 of the 1/A-61/11z 
strain was found to be  105.5/ml, and that of the 8a/E-6/12j 
strain was found to be  104.5/ml, using the Reed-Muench 
method [34].

Clinical signs and lesions

1/A and 8a/E isolates from chickens with IBH from field 
outbreaks of the disease were used for experimental infec-
tion to test whether they would cause IBH in chickens. The 
results of the clinical observation of healthy, infected, and 
dead birds are presented in Table 1. Starting from the second 
day, depression was observed in up to 14 chickens in group I, 
which were infected with the FAdV-1/A-61/11z strain. The 
chickens adopted a crouching position, with ruffled feath-
ers. At the end of the first week postinfection, two of the 
birds died. A postmortem examination revealed petechial 
hemorrhage and hepatomegaly in the liver and other internal 
organs. The liver was pale, fragile, and somewhat swollen. 
Yellowish mucous membranes were also observed. In the 
remaining birds from this group, clinical signs decreased 
on the tenth day postinfection (Table 1), and no clinical 
signs were observed thereafter. Necropsy at the second 
and third week postinfection showed splenomegaly in three 
birds. Hepatomegaly, with a fragile consistency of liver tis-
sue, petechiae, and ecchymoses were also observed in three 
birds. The bursa of Fabricius was smaller, and involution 

Fig. 1  Phylogenetic tree based 
on the amino acid sequence of 
the loop L1 region of the hexon 
gene
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(weight ratio) was observed in two birds. Kidneys were pale 
and enlarged, with petechiae. At the fourth week postinfec-
tion, the birds were in good condition before euthanasia. 
Post-mortem examination did not reveal any pathological 
changes. The mortality rate in this group was 10%. No giz-
zard erosions were seen in any of the birds.

Clinical manifestations such as depression were 
observed in up to seven chickens in group II, which were 
inoculated with the FAdV-8a/E-6/12j strain, starting from 
48 h postinfection. The chickens showed a sudden onset 
of depression characterized by ruffled feathers and sitting 
in a crouching position. On the third day postinfection, 
necropsy revealed hepatomegaly and yellowish mucous 
membranes, and only minimal swelling in the liver was 
observed in two out of four chickens. The rest of the inter-
nal organs did not show any pathological changes. At the 
end of the second week, the clinical symptoms decreased. 

On the second day postinfection, the chickens did not show 
any clinical signs. Post-mortem examination at the first 
and second weeks postinfection showed hepatomegaly 
with a change in the physiological colour of the liver and 
the mucous membrane in three birds. In the rest of the 
internal organs, no pathological changes were found. The 
birds did not show any clinical symptoms from the third 
and fourth weeks postinfection until the end of the experi-
ment. At the time that the chickens were euthanized, they 
were in good condition. No deaths occurred in this group.

After the first day postinfection, neither clinical symp-
toms nor gross lesions characteristic of inclusion body 
hepatitis were found in the chickens of group III. Chickens 
that were euthanized in the first, second, third, and fourth 
weeks of the experiment did not show any pathological 
lesions.

Fig. 2  Comparison of the loop L1 region of the hexon gene. Differences and similarities between the investigated strains FAdV-1/A-61/11z and 
FAdV-8a/E-6/12j and the reference strains FAdV-8 and FAdV-1 are highlighted
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Detection and quantification of virus particles

The detection range of the real-time PCR assays used for 
detection of 1/A and 8a/E regarding specificity was evalu-
ated to exclude cross-reactivity with other pathogens. The 
sensitivity was found to be 8 copies/µl for both 1/A and 8a/E. 
Significantly higher copy numbers of the hexon gene in the 
internal organs of chickens in group I, which were infected 
with the FAdV-1-61/11z strain, were observed in compari-
son to group II, and the amount of virus was between  107 
and  1015 copies per mg of tissue  (R2 = 0.991, Eff% = 91.03). 
The highest copy numbers of the hexon gene were found in 
the gizzard, liver, and intestine at the first, third, and fourth 
weeks postinfection, and these values ranged from  1012 to 
 1014 copies per mg of tissue. The lowest copy numbers of 
the hexon gene (about  100.5 copies per mg of tissue) were 

found in the spleen, kidney, bursa of Fabricius, and thy-
mus at the third week postinfection. The liver, thymus and 
gizzard had the highest copy numbers in the first, second 
and fourth weeks postinfection, and the kidney, thymus and 
spleen had the lowest copy numbers in the third week of the 
experiment. These results are presented in Fig. 3. There was 
no correlation between certain lesions and the presence of 
a particular virus type. The copy number of the hexon gene 
of the adenovirus strain FAdV-8a-6/12j in internal organs of 
chickens from group II was determined to be between  100.5 
and  108 copies per mg of tissue  (R2 = 0.997, Eff% = 95.177), 
depending on the examined organs and time postinfection. 
The copy numbers were highest in gizzards in the first week 
postinfection and lowest in the bursa of Fabricius in the 
second, third, and fourth week postinfection. However, the 
copy number of the hexon gene was lower than that obtained 
for chickens infected with the FAdV-1-61/11z strain, which 
produced about  1014 copies per mg of tissue at week 1 in the 
liver and thymus, and at week 4, about  1014 copies per mg 
of tissue were found in the liver, gizzard, and intestine. The 
lowest copy number of the hexon gene was found at week 
4 postinfection in the gizzard (about 8 copies per mg of tis-
sue). The results are presented in Fig. 4. No evidence of the 
presence of the hexon gene was obtained by real-time PCR 
in the tissues of chickens from group III at any time point. 
The results are presented in Table 1.

Discussion

A sequence alignment revealed that the strains examined in 
this study represented different types and some differences 
were observed in the loop L1 HVR1-4 region of the hexon 
gene.

To date, the mechanisms of adenovirus pathogenicity are 
not well understood [13]. Strains of the same type or spe-
cies can have different pathogenicity. These same strains 
may be found in both GEU and IBH cases. The full genome 
sequence of the FAdV-1-61/11z virus strain was reported 
by Matczuk et al. in 2017 [22]. Interestingly, some strains 
of FAdV-8a may be implicated in the development of GEU 

Table 1  Clinical changes and mortality rates in infected and unin-
fected SPF chickens

*Number of birds with clinical manifestations (poor growth, apathy, 
prostration, ruffled feathers, crouching position, and huddling behav-
ior)
**Number of dead birds
Group I, chickens infected with the strain FAdV-1/A-61/11z; group 
II, chickens infected with the strain FAdV-8a/E-6/12j; group III, unin-
fected SPF chickens (negative control)

Day/s postinfection Group I (20 
chickens)

Group II (20 
chickens)

Group III 
control (20 
chickens)

1
2
3
4
5
6
7
8
9
10
14
21
28

0*/0**
14/0
14/0
9/0
7/0
5/0
5/2
3/0
1/0
0/0
0/0
0/0
0/0

0*/0**
7/0
7/0
2/0
1/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0

0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0

Mortality % 10% 0% 0/0

Fig. 3  The copy number of the 
hexon gene in different internal 
organs of chickens infected 
with strain FAdV-1/A-61/11z 
(group I)
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[16, 17, 19] and IBH [14, 21, 23, 24, 37]. Adenoviruses have 
been suggested to play a role in immunodeficiency [24, 28, 
35]. They can establish latency for a period of time, after 
which the pathogenic process can be induced by different 
pathogens, which stimulate them to replicate. Adenovirus 
strains are mainly isolated from broilers, and rarely from 
reproduction flocks [11, 22]. However, there is still no cor-
relation between the disease profile in production flocks and 
the presence of a particular type. IBH is normally detected 
in meat-production birds and may be found in birds younger 
than seven days of age. The literature suggests that many dif-
ferent types, including FAdV-4/C, 2-3-9-11/D are associated 
with IBH outbreaks in many countries in chickens less than 
3 weeks old.

A study was undertaken to investigate whether adeno-
virus strains of different types (1/A and 8a/E) have differ-
ences in pathogenicity related to their genome structure and 
sequence variations. A previous study conducted by Niczy-
poruk in 2014 in which strains belonging to type FAdV-7/E 
were examined in vitro and in vivo, proved to be crucial for 
the inhibition of the replication of Marek’s disease virus 
vaccine strains Rispens/CVI988 and FC126(HVT), and the 
inhibition of the immunoprophylactic effect after vaccination 
against Marek’s disease. However, clinical manifestations 
and post-mortem examinations gave a completely different 
clinical picture for type 8a/E and type 1/A, and the mortality 
rates differed. For both types, adenovirus genetic material 
was located mainly in the large intestine and liver, rarely 
in the gizzard, and occasionally in the spleen, kidney, and 
bursa of Fabricius.

The highest replication rates of the FAdV-7/E strain were 
found in the bursa of Fabricius and liver, and the amount of 
virus was determined to be between  102.5 and  105 copies per 
mg in these tissues. A relationship between the adenovirus 
type and replication in internal organs was also observed 
by Cook [3]. Steer et al. [36] observed a peak of disease at 
5 and 6 d.p.i with type 8b/E and 11/D, respectively. That 
study suggested that type 8b/E may have a shorter incuba-
tion period and be more virulent than 11/D. The hexon gene 
copy number was also higher than that of type 7/E [28] and 

similar to that of type 8a/E in our study. However, at week 
3, the copy number of the hexon gene in gizzards was  101.0 
copies per mg of tissue for type 8a/E and about  1014 copies 
per mg of tissue for type 1/A. Steer et al. [36] also suggested 
that types 8b/E and 11/D may play a role as immunosuppres-
sive agents and indicated that types 8b/E, 11/D and other 
IBH-associated FAdVs have a predilection for the gizzard, 
based on an in vivo study that suggested that the epithelial 
lining of the gizzard and alimentary tract is a reservoir of 
FAdVs and plays an important role in virus transmission. 
Cook et al. [3] indicated that the replication rate of adenovi-
rus strains reached a peak in the first three weeks postinfec-
tion and that those strains had a higher degree of tropism 
for the digestive tract than for other internal organs. Similar 
results were obtained by other authors [9, 10, 30], also show-
ing that the rate of replication of strain FAdV-1/A is highest 
in the gizzard, liver, spleen, and intestine.

To conclude, we found higher copy numbers of the 
hexon gene in the organs of chickens infected with strain 
FAdV-1/A-61/11z (group I), than in those infected with 
strain FAdV-8a/E-6/12j (group II), and the difference 
in the copy number was about 7  log10. The FAdV-1/A-
61/11j strain was also more virulent than the other exam-
ined strain. The mutations in the examined region of the 
hexon gene and the resulting amino acid changes could be 
important for pathogenicity. This is the first report of an 
experimental study of FAdV-8a/E in chickens in Poland.
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