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บทคัดยอ 
 โรคตับอักเสบแบบมีอินคลูชันเปนโรคซึ่งเกิดจากการติดเชื้อไวรัสกลุมฟาลว อะดิโนไวรัส ซีโรไทป 2  
(FAdV-2) โดยกอใหเกิดความเสียหายแกอุตสาหกรรมสัตวปกของประเทศไทยโดยเฉพาะไกเนื้อ ในการศึกษาครั้งนี้
มีวัตถุประสงคเพื่อพัฒนาเทคนิคการตรวจดวยวิธีอิมมูโนฮีสโตเคมีและ In situ hybridization จากชิ้นเนื้อไก  
ผลการศึกษาทางจุลพยาธิวิทยาพบวา ตับและตับออนของไกเปนอวัยวะภายในที่ไดรับผลซึ่งพบเปนหยอมเนื้อตาย
และมีการกระจายของกอนอินคลูชันสีน้ําเงินภายในนิวเคลียสของเซลล นอกจากนี้สารพันธุกรรมและแอนติเจนของ
ไวรัสยังถูกตรวจพบเฉพาะที่บริเวณตับและตับออน แตไมสามารถตรวจพบในเซลลบุผิวลําไสหรืออุจาระและอวัยวะ
อื่นๆ เชน มาม ธัยมัส ตอมเบอรซา ปอด หัวใจ และสมอง การศึกษานี้จึงบงชี้วาเทคนิคอิมมูโนฮิสโตเคมีและ ISH 
เปนเทคนิคที่มีประโยชนทั้งในการตรวจวินิจฉัยโรคทั่วไปและงานวิจัยการติดเชื้อ FAdV-2  
 
คําสําคัญ : ฟาลว อะดีโนไวรัส ซีโรไทป 2  อิมมูโนฮิสโตเคมี  In situ hybridization  การติดเช้ือในพื้นที่  

 
ABSTRACT 

 Inclusion bodies hepatitis (IBH) is one of disease characteristic caused by Fowl Adenovirus 
(FAdV) which mainly impacted on broiler industry in Thailand. At present, both immunohistochemical 
(IHC) and In situ hybridization (ISH) procedures are set up for detection of FAdV infection in chicken 
tissues. Most affected organs appeared to be liver and pancreas which pathological lesion was 
microscopically being massive necrosis with diffused basophilic intranuclear inclusion bodies within 
nuclei of hepatocytes and pancreatic cells. The viral antigen and nucleic acid are mostly presented in 
liver and pancreatic tissue. Neither antigen nor DNA of virus is found in enterocyte or intestinal content 
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and other organs such as spleen, thymus, bursa of Frabicious, lung, heart and brain. This study 
indicated that both IHC and ISH are valuable techniques to study and investigate serotype 2 FAdV 
infection as a routine diagnosis and biological research.  
 
Keywords : Serotype 2 Fowl Adenovirus, immunohistochemistry, In situ hybridization, field infection 
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INTRODUCTION 
Fowl adenovirus (FAdV) is non enveloped DNA virus with Icosahedral structure which is 

classified in Aviadenoviridae (McFerran and Adair, 2003; van Oostrum and Burnett, 1985). Inclusion 
bodies hepatitis (IBH) is caused by many serotypes of FAdV (Bouquet et al., 1982; Kefford et al., 1980; 
Philippe et al., 2005). The classical IBH mainly affects on broilers at 3-5 weeks old. The clinical signs 
including weakness, diarrhea, ruffle feather, opisthotonos and acute death are usually observed.  The 
younger chickens show more severity than the older ones. However, the recovery may show stunt 
growth. The important microscopic lesion is basophilic intranuclear inclusion bodies (BINB) mostly 
found in the nuclei of hepatocytes and pancreatic cells. Infiltration of mononuclear cells and bile duct 
proliferation has been usually seen in chronic case (Songserm, 2007; Witoonsatian et al., 2008). Based 
on study of Parthiban et al. (2004), PCR was a worthy method for early detection of IBH. Both lymphoid 
organs and non lymphoid organs such as heart, liver and kidney were also affected but PCR was no 
longer detected viral nucleic acid in these organs after 60 hr. post infection (PI) except in kidney and 
liver. This might be presumed that liver and kidney was a tissue tropism of adenovirus serotype 4 
detected by PCR (Parthiban et al., 2004). However, PCR can provide only the presence of viral nucleic 
acid but unable to precisely localize the virus within infected tissue at cellular level (Brown, 1998; Grgić 
et al., 2006). Therefore, only one In vitro molecular method cannot complete understanding of 
pathogenesis and viral distribution. Saifuddin and Wilks (1991) presented the viral replication site of 
serotype 8 FAdV by using immunohistochemistry (IHC). The viral antigen was detected in liver and other 
epithelial cells such as ileum, acinar cells of pancreas and periarteriolar splenic cells within various 
periods. Nevertheless, relying on IHC alone may not provide the antigen-antibody detection in some 
cases such as excessive loss of antigenicity due to unsuitable fixative or inability to detect latent viral 
infection (Latimer et al., 1997). Using In situ hybridization (ISH) may resolve these problems. Base on 
Latimer et al. (1997) and Goodwin et al. (1996), ISH with Digoxigenin (DIG) labeling oligonucleotide 
probe can also successfully detect FAdV serotype 10 from naturally and experimentally infected chicken 
inside the individual cellular types.  
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In this study, we present the tissue tropism of serotype 2 FAdV causing IBH (strain KU01/07) by 
ISH and IHC in order to localize the topological assessment of the viral nucleic acid and antigen for 
providing more complete feature of the disease. 

 
MATERIALS AND METHODS 

Field infection and sample collection 
The naturally manifested chickens at 3-8 days old were enrolled to Kamphaengsaen Veterinary 

Diagnostic Center, Veterinary Medicine Faculty of Kasetsart University. The clinical signs included 
severe depression, weakness, diarrhea with greenish water stool, ataxia, opisthotonos and acute death. 
Post mortem examination revealed friable mottle liver and hemorrhage or multifocal hepatic necrosis in 
the chronic case and pancreas was fibrosis as the chronic infection. The various organs including liver, 
pancreas, intestine (duodenum), spleen, thymus, bursa of Frabicious, lung, heart and brain were 
collected in neutral buffered formalin for histopathological study, IHC and ISH.  

Histopathological study 
The tissues were fixed by buffered neutral formalin, embedded in paraffin block and were 

sectioned at 5 µm in thickness, taken up on slides then stained with hematoxylin and eosin (H&E). 
Histological lesion was studied under a light microscope.  

Immunohistochemistry (IHC) 
All paraffin-embedded tissues were sectioned then deperaffinized in two changes of xylene for 

5 min of each then rehydrated with serial of alcohol including absolute alcohol, 95%, 80% and 70% 
ethanol, 5 min for each change. All tissue sections were then placed in distilled water for rehydrating 
tissues. The slides were treated with 3% H2O2 in PBS (68.4 mM NaCl, 1.3 mM KCl, 4.1 mM Na2H2PO4 
and 0.7 mM K2HPO4, pH 7.2-7.4) at 37 oC for 15 min to inactivate the endogenous peroxidase activity. 
Thereafter, the sections were washed 3 times in the PBS for 5 min of each time. The step of enzymatic 
reaction was taken place by using proteinase K (100µg/ml) diluted in warmed PBS for 15 min at 37 oC 
then soaked with 3 times of PBS, 5 min for each change. Non specific blocking was accomplished by 
flooding 100 µl of 2% of BSA (SIGMA, USA) in PBS at room temperature for 40 min. The rabbit 
antibodies against FAdV was diluted in 2% BSA at 1: 500 as a primary antibodies. This phase took 60 
min to complete antigen-antibody reaction, then washing with 0.5% tween (Fisher Scientific, USA) in 
PBS (PBS-T) for a total of 15 min for 3 times. A 100 µl of 1:500 goat anti-rabbit FAb fragment conjugated 
with horseradish peroxidase (KPL, USA) diluted in 2% BSA was placed on tissue slides for 30 min then 
washed with 0.5% PBS-T for 3 times, 5 min of each time. Thereafter, 10 mg of 3, 3'-diaminobenzidine 
(DAB, Bio Basic INC., Canada) was freshly dissolved in 10 ml of PBS with 12 µl of H2O2) dropped on the 
slides for 5 min. The reaction was stopped by rinsing distilled water. Finally, the slides were counter 
strained with hematoxylin and mounted for examination under light microscope. 
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Probe synthesis  
Probes were constructed as mention in manufacturer instruction of PCR DIG Labeling Mix 

(Roche, Germany). Probe synthesis, the usable primers in PCR reaction based on hexon primer specific 
primers including forward primer F adeH4 286502-1 (5' GCB ARC ATG TAG TGG TAR CT 3') and 
reverse primer R adeH1N 286501-1 (5' GCS ACC TAC TTC GAC ATM AA 3'). The PCR mixture 
contained 1XTaq buffer (Invitrogen, Brazil), 1.5 mM MgCl2, 10 µl of PCR DIG labeling mix (200 mM of 
dNTP with DIG labeling dUTP), 1 µM of each primer, 2.5 U of recombinant Taq DNA polymerase 
(Invitrogen, Brazil) and 10 µl of template DNA then adjusted PCR mixture to be 100 µl by adding sterile 
double distilled water. The condition for PCR was described in brief. The temperature of initial 
denaturation step was 94oC for 5 min then starting PCR cycles consisted of denaturation, annealing and 
extension of each cycle by 30 sec at 94oC, 45 seconds at 53oC and 45 seconds at 72oC, respectively. 
The PCR was repeated for 35 cycles on Swift maxi® thermocycler (ESCO, Singapore) and finished at 
the final extension for 5 min at 72oC. The PCR product size was approximately 713 bp which conjugated 
with DIG labeling dUTP. The product was divided for running electrophoresis in order to check PCR 
band size in 1% agarose gel and the rest was kept in -70oC. 

In situ hybridization (ISH) 
ISH were performed follow the ISH protocol developed by Veterinary Diagnostic Laboratory, 

Faculty of Veterinary Medicine, Kasetsart University (Sirinarumitr et al., 1997; Sirinarumitr et al., 1998). 
Post deparaffinization, all tissues were then rehydrated before permeated the cellular membrane with 
enzymatic digestion as described in IHC. The endogenous alkaline phosphatase were eliminated by 
20% v/v cold glacial acetic acid for 20 seconds then washed with PBS for 5 min. The slides were dried 
in room temperature. For denaturation, 100-200µl of hybridization buffer containing 50% deionizing 
formamide (GIBCO-BRL, USA), 3XSSC, 1X Denhardt’s solution (AMRESCO®, USA), 0.2 mg/ml Yeast 
tRNA (10 mg/ml, SIGMA; USA), 50 mM Na2HPO4 (1M pH 7.4) and 10% dextran sulfate (AMRESCO®, 
USA) then added DEPC-treated water (0.1% DEPC) to be 10 ml of buffer was applied for each slide and 
incubated at 95 oC for 10 min. After 10 min, the tissues were rapidly cooled down on ice for 10 min. For 
DNA melting, Probe mixture was boiled in boiling water for denaturation of nucleic acid for 5 min then 
immediately put on the ice. Fifty microliters of hybridization buffer containing PCR DIG labeling probe 
(280 ng/µl) was applied for each slide and incubated at 37 oC overnight. Slides were soaked in the 
series of buffer standard  saline citrate including 2X saline sodium citrate buffer (SSC, 300 mM NaCl and 
30 mM sodium citrate, pH 7.0-7.4) and 1X SSC at 37 oC for 5 min of each and 0.5X SSC at 37 oC for 30 
min. They were rinsed using the Tris buffer solution (TBS; 100 mM Tris-HCl and 400 mM NaCl, pH 7.0-
7.4) for 5 min. Blocking of non specific binding was performed by dropping 1% skim milk in TBS solution 
and incubating in moist chamber at room temperature for 60 min. TBS was rinsed on the slides for 5 min 
at room temperature. One hundred microliters of anti-Dig-AP Fab fragments (Roche, Germany) (1:300 in 
2% BSA) was applied for each slide. The slides were incubated in moist chamber at room temperature 
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for 60 min. After incubation, the slides were rinsed 3 changes in TBS then placed in detection buffer 
(100 mM Tris-HCl and 100 mM NaCl, pH 9.5) for 5 min. NBT/BCIP substrate (KPL, USA) was then 
applied for each slide and incubated in dark room. The slides were counter stained with nuclear fast red 
for contrasting the positive staining and background. All treated tissues were examined under light 
microscope. 

 
RESULTS 

 The most affected organ appeared to be liver and pancrease. The livers of FadV infected 
chickens showed fatty degeneration and massive necrotizing hepatitis with diffusion of basophillic 
intranuclear inclusion bodies within nuclei of hepatocytes. The mononuclear cells obviously infiltrated 
into hepatic tissues particularly in bile canaliculated regions without evidence of bile duct proliferation. 
Pancreases also found some necrotic areas as similar as liver mostly located in exocrine gland regions. 
Spleen was mild lymphoid depletion. Most positive cells were observed in liver and pancreas tissues. 
The immunological detection signal was present as gold-brownish colormatic staining. Using rabbit 
antibodies against FAdV antigen could localize specific antigen only in both infected hepatocytes and 
pancreatic exocrine glands (Fig 1). ISH concordantly corresponded with IHC which revealed blue-black 
reaction product as a representation of probe-template hybridization signal. The section signal of ISH 
was observed only in infected cells of hepatic and pancreatic tissue sections (Fig 2). No viral antigen 
and DNA were presented in biliary tract. Neither viral antigen nor nucleic acid were observed in 
intestinal epithelial and content by using IHC and ISH. No remarkable lesions in thymus, bursa of 
Frabicious, lung, heart and brain were observed under light microscope as well as IHC and ISH. 
 

DISCUSSIONS 
 In this study, histopathological examination reveals overt necrosis of hepatocytes and exocrine 
acini of pancreas which correspond with IHC and ISH results. Both IHC and ISH are successfully to 
locate viral antigen and nucleic acid which specific binding is mostly observed within peripherally 
necrotic area. The result of this study corresponded to the report of Goodwin and colleagues (1996) 
which could observe the histopathological change and detection signal of ISH only in liver and exocrine 
pancreatic acinar cells. The high level of mononuclear cellular infiltration in infected hepatic tissue 
sections may be presumed that productive adenoviral infection perhaps induced response of host 
immunity via major histocompatibility complex (Huiying, et al., 2002) as similar as other viral infection 
(Janeway et al., 2005; Klavinskis et al., 1989; Rickinson and Moss, 1997). As mention to closely related 
virus, hemorrhagic enteritis virus (HEV) or Siadenovirus type II, induction of cell death may relate with 
elevating inflammatory cytokines such as Tumor necrosis factor α and high level of nictric oxide. 
Additionally, the splenic cells from HEV-exposed animals also secreted interleukin-6 when were cultured 
in vitro (Rautenschlein et al, 2000). Thus infection with adenovirus can cause the pathological changes 
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within infected tissues by contributing to these inflammatory cytokines (Rautenschlein et al., 2000). 
Simultaneously, all necrotic cells may directly be damaged by either unknown proteins of FAdV that are 
synthesized during viral replication or cytolytic releasing of viral progenies (Oldstone, 1990). In contrast 
to Mastadenovirus, the structural and functional organization of Aviadenoviruses is not well understood 
(Ojkic and Nagy, 2000). Although, the regions of encoding early gene regulating apoptosis such as E1 
protein cannot be identifiable in many serotypes of FAdV (Chiocca et al., 1996; Davison et al., 2003; 
Ojkic and Nagy, 2000). Interestingly, E1 region is recognized in FAdV-9 which is uncertainly known of its 
function (Ojkic et al., 2002). Therefore, there is still a possibility that genome of serotype 2 FAdV 
KU01/07 strain may contain a region encoded protein which homologous to E1 protein functions in its 
genome elsewhere (Chiocca et al., 1996 and Rautenschlein et al., 2000). In this study, neither IHC nor 
ISH can detect viral antigen and nucleic acid within both enterocytes and intestinal content. However, 
the first viral replication has taken place in the intestinal tract and the viral antigen can be detected in 
epithelial cell of intestinal villi since 30 min PI to 15 days PI (Saifuddin and Wilks, 1991). This may imply 
that the phase of infection possibly regards to viral serotype or strain and mode of transmission. No viral 
antigen and nucleic acid are observed within lymphoid organs such as spleen and thymus. The failure 
in detection in these organs by IHC and ISH may be caused by low antigen concentration and lacking of 
viral genomic sequence (Dangler et al., 1990; Jones et al., 1989). Additionally, neither histopathological 
lesion nor positive signal of both IHC and ISH are observed in brains of serotype2 FAdV infected 
chickens but the moribund chickens with FAdV-2 infection showed pathological sings in nervous system 
including opisthotonos before death. The central nervous system may presumably to be protected from 
viral entry by blood brain barrier. However, the high level of endogenous ammonium due to severe 
destruction of hepatic tissue may be involving in manifestations of abnormally neurological signs 
(Cullen, 2007). Thus, the mechanism of neurological sign of infected chicken was still uncertainly clear. 
Additionnally, there are some reports of FAdV related virus, canine adenovirus-1 (CAV-1) causing rare 
cases of encephalopathy in puppies (Caudell et al., 2005). The histopathological examination revealed 
multifocal petechial hemorrhage with localization of viral antigen within endothelium of cerebral vessels.  
Therefore, CNS endothelial cell as the predilection site of adenovirus may be varying to their genus and 
strains (Caudell et al., 2005).    
  In conclusion, liver and pancreas appear to be most affected organs which show severe 
destruction form infection of serotype 2 FAdV causing IBH. Most viral nucleic acid and antigens are 
presented in hepatocytes and exocrine acini which indicate that these organs may play a role as a 
primary tissue tropism. Therefore, both ISH and IHC are valuable tools to detect FAdV infection at 
cellular level which support veterinary pathologists to increase accuracy in investigating viral disease 
and providing the deeper understanding of target genomic and antigenic localization within tissue 
tropism.  
 



การประชุมวิชาการ มหาวิทยาลัยเกษตรศาสตร วิทยาเขตกําแพงแสน ครั้งที ่7 
 

 306 

ACKNOWLEDGEMENTS 
 This work was made possible by financial assistance of Center of Duck Health Science, an 
academic Collaboration between Kasetsart University and Thailand Research Fund (TRF). The authers 
would like to thank Veterinary Diagnostic center, Faculty of Veterinary Medicine, Kasetsart University 
and Department of Livestock Development. The gratefulness is extensively to Dr. Krisada Chaichuen 
and staffs, Faculty of Veterinary Science, Mahidol University, who kindly provide and facilitate us for 
microscope with digital microscopic camera.  

 
 
 
 
 
 
 
 

Figure 1 The photographs of immunohistochemical staining of FAdV infected liver tissue showing massive 
necrotizing hepatic area with diffuseness of brownish dye from FAdV-antibody detection through 
peroxidase-3, 3'-diaminobenzidine reaction. A) The overview of abundant immunological staining of 
FAdV detection from low magnificent power field. B) The overview of free-FAdV tissue under low 
magnificence of light microscope C) Diffuse staining of infected hepatocytes from view of high 
magnificent power field. D) No specific signal within hepatocytes of free-FAdV tissue from view of 
high magnificent power field. 

 
 
 
 
 
 
 
 
 
 

Figure 2 The photographs of ISH staining of FAdV infected liver tissue showing a scattering of blue black dye 
in order to localization of viral nucleic acid.  A) The overview of abundant hybridization signals of 
FAdV detection from low magnificent power field. B) The overview of free-FAdV tissue under low 
magnificence of light microscope  C) A diffuse staining of infected hepatocytes from view of high 
magnificent power field. D) No specific signal within hepatocytes of free-FAdV tissue from view of 
high magnificent power field. 
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