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Abstract : Four strains of fowl adenovirus (FAdV) were isolated from 4 flocks of broiler or layer chickens

affected by hydropericardium syndrome in Korea. These FAdVs were classified as serotype 4 by

restriction fragment length polymorphism patterns of hexon genes and whole genomes. The virus exhibited

cytopathic effects consisting of rounding, ballooning and clustering in primary chicken embryo liver cell

cultures. In transmission electron microscopy, virus particles in hexagonal shape aggregated exclusively

in the nuclei of hepatocytes of the chickens as the typical appearances in adenovirus infections. Buoyant

density of the virus in cesium chloride (CsCl) was 1.34 g/mL. The virus was stable to chloroform, ether,

50~70% ethanol, acidic condition at pH 3, 0.25% trypsin (1 : 250), heat at 50oC for 30 min, but labile

to 100% ethanol, heat at 52~60oC for 30 min, 1 M MgCl2 at 50oC for 1 h, 1 : 2,000 formalin (37%).

All of the physicochemical properties pertained to the characteristics of adenoviruses. Eight viral

polypeptides were determined in CsCl-purified virus by sodium dodecyl sulfate-polyacrylamide gel

electrophoresis. 
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Introduction

Fowl adenoviruses (FAdVs) are classically designated

as group I avian adenoviruses and infect many kinds of

poultry including chickens, turkeys, ducks and geese.

FAdVs belong to the genus Aviadenovirus of the family

Adenoviridae, and there are 5 species, FAdV A to E

according to their genotypes. Twelve serotypes are

known and grouped into 5 species based on their cross-

neutralization [2, 3, 14]. Recently, restriction endonuclease

analysis along with polymerase chain reaction (PCR) is

used to differentiate serotypes of the FAdVs [2, 3, 9, 17,

22, 26]. The FAdV virion is non-enveloped and

icosahedral, and it has hexon, penton base and fiber as

major capsid proteins [2, 3, 14]. Hexon is the major

antigenic determinant and its nucleotide sequence has

been used not only for phylogenic analyses but

serotyping by PCR and restriction fragment length

polymorphism (RFLP) [2, 3, 9, 15, 17, 18, 22].

While various FAdV serotypes are isolated from

diseases such as inclusion body hepatitis (IBH) and

respiratory distress as potential pathogens, fowl adenovirus

serotype 4 (FAdV-4), which belongs to FAdV C, is

exclusively isolated from most cases of hydropericardium

syndrome (HPS) as a primary pathogen [2, 3, 10]. HPS

with hepatitis is a recent problematic disease of

economic importance in broiler, breeder and layer

chickens with high mortality up to 75%. After the first

report on the outbreaks of HPS in Angara Goth, Pakistan

in 1987 [4], the disease has occurred in many countries

in Western and South Asia, South and Central America,

Russia and Japan [1-3]. In Korea, HPS was first reported

in chickens by the methods of histopathology, gene

detection or transmission electron microscopy in 2007

[7, 12]. Kim et al. [11] also reported HPS outbreaks by

histopathology and gene detection as well as virus

isolation, although properties of the virus were unclear.

Recently, HPS has occurred in many regions in Korea,

and, therefore, biological and physicochemical properties

of FAdV isolates should be fully determined for the
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epidemiology and effective control of the disease.

In the present study, trials were done for the isolation

and characterization of FAdV from HPS outbreaks in

Korea, to offer the viral properties for epidemiological

studies and control of FAdV infections.

Materials and Methods

Samples for gene detection and virus isolation

For the isolation of FAdV, liver tissues were collected

from chickens suspected of HPS in 3 broiler farms

located in Changnyeong (Gyeongnam province), Andong

(Gyeongbuk province) and Yeoju (Gyeonggi province),

and a layer farm in Gunwi (Gyeongbuk province), Korea

between January, 2008 and June, 2010. These chickens

were 16~20 days old broilers and 70 days old layers

with no history of vaccinations against FAdVs. The

chickens clinically showed depression and death with

mortality rates of 5~10%. At necropsy, gross lesions of

hydropericardium and enlarged, partially amber-colored

livers were observed.

Detection of FAdV hexon genes

For detection of FAdV genes, 10% homogenates of

the chicken liver tissues were prepared in minimum

essential medium (WelGene, Korea). DNA was

extracted from the homogenates using Viral Gene-spin

kit (iNtRON Biotechnology, Korea) and used for PCR.

Primers were designed according to the suggestion by

Raue and Hess [22], which can detect DNA with 1,319

bases from whole hexon gene of FAdV. Nucleotide

sequence of the sense primer was 5´AACGTCAA

CCCCTTCAACCACC3´ and that of the antisense primer

was 5´TTGCCTGTGGCGAAAGGCG3´. PCR was done

with rTaq DNA polymerase (Elpis-biotech, Korea) under

conditions of initial denaturation at 94oC, 4 min followed

by 30 cycles of each 1 min at 94oC, 50oC and 72oC, and

final extension at 72oC, 5 min. Target DNAs were detected

by gel electrophoresis with 1% UltraPure agarose

(Invitrogen, USA) and 1 Kbp plus 100 bp-DNA ladder

marker (Elpis-biotech, Korea).

Electron microscopic examination

The chicken liver tissues were trimmed to 8~10 mm3.

After washed 3 times with 0.2 M phosphate buffered

saline (PBS) (Sigma, USA), the tissues were fixed with

2.5% glutaraldehyde (Sigma, USA) for pre-fixation.

While at 4oC for 2 h, the tissues were gently stirred

every 10 min. Then the tissues were poured on a Petri

dish and incubated at room temperature for 10 min, and

stored in 0.2 M PBS at 4oC. These were post-fixed with

1% osmium tetroxide at 4oC for 1 h and washed in PBS.

The tissues were dehydrated through a graded series of

ethanol and substituted with propylene oxide, and then

embedded in Epon 812 at 60°C for 48 h. Sections (< 90

nm) were cut on an ultramicrotome (Leica, Germany)

using a diamond knife (Diatome, Switzerland). The

ultrathin sections were transferred on to 200 mesh

copper grids and stained with uranyl acetate for 20 min,

and with lead citrate for further 10 min. The sections

were examined for FAdV particles under transmission

electron microscope (Hitachi, Japan) at 80 kV.

Virus isolation

Liver tissues from 14-day old embryonated hen’s eggs

were minced and digested using 0.05% trypsin-EDTA

(Invitrogen, USA) to produce primary chicken embryo

liver (CEL) cells. After trypsin was neutralized by newborn

calf serum (NBCS) (Invitrogen, USA), cells were

centrifuged and resuspended twice. The cells were

cultured, using medium 199 (M199; Invitrogen, USA)

supplemented with 5% NBCS, penicillin (100 U/mL)

and streptomycin (100 µg/mL; Invitrogen, USA), in a

5% CO2 incubator at 37oC. A day later, the CEL cells

were used for FAdV isolation, while mock-infected CEL

cells were confirmed for FAdV-negative by PCR using

the primers for hexon gene. The mock-infected cells also

were checked for latent FAdVs through two passages as

suggested by Adair and McFerran [3], from which no

cytopathic effects (CPEs) induced by the latent virus

were observed.

100 µL of the liver tissue homogenates made from

HPS-suspected chickens were inoculated into CEL cells

grown in 25-cm2 tissue culture flasks, and viral propaga-

tion was determined by the appearance of CPEs. After

CPEs developed prominently, the cells were frozen and

thawed 3 times, and propagated FAdV was confirmed by

PCR for hexon gene. Viral fluid was harvested by

centrifugation at 4,000 rpm, 20 min and stored at –70oC

for further use.

Titration of tissue culture infectious dose 50 (TCID50)

After 4th passage of the virus isolate in CEL cell

cultures, viral fluid was filtered with 0.22 µm membrane

filter (Millipore, USA). The virus was ten-fold diluted

and inoculated into CEL cell cultures of 96-well tissue
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culture plates to determine the titer of TCID50 by the

Reed-Muench method. Virus of known TCID50 was then

used for the determination of viral physicochemical

properties.

Determination of physicochemical properties

Buoyant density of virus in cesium chloride (CsCl):

The viral fluid was ultracentrifuged at 45,000 rpm

(ultracentrifuge XL-100; Beckman, USA), 4oC for 16 h

after clarified by low-speed centrifugation. The pellet

was resuspended in sterile 0.85% saline and layered on

a cushion of 25~50% CsCl (Amresco, USA), and

ultracentrifuged at 45,000 rpm, 4oC for 16 h. Buoyant

density of the viral band was measured and the virus

in the CsCl solution was ultracentrifuged to obtain

purified virus. PCR for hexon gene was also done to

confirm FAdV from purified virus and the target DNA

was detected by gel electrophoresis with 1 Kbp plus

100 bp-DNA ladder marker.

Sensitivity to chloroform: 1 mL of viral fluid was

added with 0.5 mL of chloroform (Merck, Germany) and

shaken for 10 min at room temperature. After centrifuged

at 2,000 rpm, for 10 min, the supernatant was ten-fold

diluted with M199 and cultured in CEL cells [23].

Sensitivity to ether: 1 mL of viral fluid was mixed

with 0.2 mL of ethyl ether (Fischer Scientific, USA) and

incubated at 4oC for 18 h. Then it was poured onto a

Petri dish and kept at room temperature for 20 min to

evaporate the ether. It was ten-fold diluted and cultured

in CEL cells [25].

Sensitivity to ethanol: Each 1 mL of viral fluid was

mixed with 0.5 mL of 50, 70 and 100% ethanol (Merck,

Germany), respectively. Then they were incubated at

room temperature for 1 h. After poured onto a Petri dish,

they were left at room temperature for 30 min. Each

viral fluid was cultured in CEL cells after ten-fold

dilution [23].

Sensitivity to formalin: Formaldehyde (37%; Sigma,

USA) was diluted to 1 : 2,000 with distilled water and

mixed with an equal volume of viral fluid. After

incubation at 37oC for 17 h, the mixture was ten-fold

diluted and cultured in CEL cells [23].

Sensitivity to trypsin: Trypsin (1 : 250; Difco, USA)

was dissolved in distilled water to make 0.25% (w/v),

and viral fluid was diluted to 1 : 10 with PBS (WelGene,

Korea). Equal volumes of virus and trypsin were mixed

and incubated at 37oC for 30 min, followed by cooling

on ice for 5 min. The mixture was ten-fold diluted and

cultured in CEL cells [21].

Sensitivity to acidic pH: Viral fluid was ten-fold

diluted with M199 which was acidified with HCl to pH

3. After incubation at 37oC for 1 h, the pH was recovered

by adding sodium bicarbonate, and it was cultured in

CEL cells [23].

Sensitivity to heat: Viral fluid was ten-fold diluted

with M199 and incubated for 30 min at 50, 52, 54, 56,

and 60oC, respectively. Then each of the diluted virus

was cultured in CEL cells [23].

Thermo-inactivation by MgCl2: Viral fluid was

diluted to 1 : 10 with M199. 100 µL of the diluted viral

fluid were mixed with an equal volume of 2 M MgCl2

(Sigma, USA) and incubated at 50oC for 1 h, then cooled

on ice for 5 min. After ten-fold dilution, it was cultured

in CEL cells [21].

Serotyping by RFLP patterns

Viral DNAs extracted from 10% liver tissue

homogenates of HPS-suspected chickens were used for

the amplification of FAdV hexon gene by PCR. PCR

was done with the same conditions as in the detection

of FAdV hexon genes. The amplified hexon gene DNAs

were purified by QIAquick Gel Extraction kit (Qiagen,

Germany). Based on the method of Raue and Hess [22],

the DNAs were digested with restriction enzyme HpaII

(Elpis-biotech, Korea) and run on a 3% agarose gel with

50 bp-DNA ladder marker (Solgent, Korea). RFLP

patterns of the DNAs were analyzed to classify serotypes

of FAdVs.

Further attempts were made to determine serotypes by

RFLP patterns in whole genomes of the FAdV isolates,

based on the method of Zsák and Kisary [26]. Virus was

harvested from propagated CEL cells and subjected to

concentration with polyethylene glycol (Sigma, USA).

Whole genomic DNAs were extracted with DNA

extraction buffer (10 mM tris-HCl, 10 mM EDTA, 100

mM NaCl, 0.5% SDS, 2% 2-mercaptoethanol, 1.25 mg/

mL proteinase K) and precipitated with 3 M sodium

acetate and 100% ethanol. DNAs were digested with

BamHI (New England Biolabs, USA) and run on a 0.8%

agarose gel with 1 Kbp plus 100 bp-DNA ladder marker.

Polypeptide patterns

To analyze polypeptide patterns of the virus isolates,

CsCl-purified virus was subjected to sodium dodecyl

sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)

under reduced conditions. 9 µL of the virus were mixed
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with an equal volume of sample buffer (1% bromo-

phenol blue, 10% SDS, 0.5 M tris-HCl, glycerol) with

10% 2-mercaptoethanol. From FAdV-infected CEL cells

and mock-infected CEL cells, total protein was extracted

with RIPA buffer (150 mM NaCl, 50 mM tris-HCl, 0.1%

SDS, 0.5% deoxycholic acid, 1% NP-40) and mixed

with sample buffer. These samples were boiled at 100oC

for 5 min and cooled on ice for 10 min, and were run

on a 12% polyacrylamide gel with ProSieve Color

Protein Markers (Lonza, USA). The gel was stained with

0.1% Coomassie brilliant blue (Sigma, USA) for obser-

vation.

Results

Detection of FAdV genes

DNAs with 1,319 bp specific to the hexon gene of

FAdV were detected by PCR from the liver tissues in

chickens suspected of HPS by clinical signs and gross

lesions (Fig. 1). Therefore, the disease in these chickens

from 4 farms was molecularly diagnosed as FAdV

infection, and these strains were named as Kr-Changn-

yeong, Kr-Andong, Kr-Gunwi and Kr-Yeoju according

to the locations of the farms.

Viral morphology by transmission electron micros-

copy

Typical adenovirus particles (60~80 nm in diameter)

aggregated in crystalline arrays in the nuclei of hepatocytes

were observed from all of the HPS-suspected chickens.

The particles showed spherical shape, rather close to the

hexagonal appearance as the general features of

adenoviruses (Fig. 2).

Isolation of FAdVs

While liver tissue homogenates from 4 chickens which

were diagnosed as HPS by PCR were cultured in CEL

cells, CPEs were observed 1~3 days post-infection.

Those were nuclear degeneration, rounding, ballooning

and clustering, which progressed to complete cell

detachment 4~5 days post-inoculation (Fig. 3).

The viruses were harvested from the culture supernatant

and further cell-passaged. After 4th passage, titers of the

virus isolates were 105.66~107.0 TCID50/mL. For further

Fig. 1. Hexon gene DNAs of fowl adenoviruses (FAdVs)

detected from liver tissue homogenates of HPS-suspected

chickens. 1: Kr-Changnyeong strain, 2: Kr-Andong strain,

3: Kr-Gunwi strain, 4: Kr-Yeoju strain, M: 1 Kbp plus 100

bp-DNA ladder marker.

Fig. 2. Crystalline arrays of virus particles observed in the nuclei of hepatocytes of chickens diagnosed as hydropericardium

syndrome. (A) isometric virus particles aggregated exclusively in the nucleus. Transmission electron microscope, ×6,000.

(B) virus particles in spherical, rather hexagonal shape observed by magnifying the area indicated with an arrow in (A).

×25,000.
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studies, Kr-Gunwi strain was selected as a representative

among 4 isolates and subjected to the determination of

physicochemical properties.

Physicochemical properties of FAdV isolates

An opaque viral band was observed in CsCl-gradient

(25~50%) centrifugation. Buoyant density of the band

was measured as 1.34 g/mL which is a feature of

adenoviruses. A DNA with 1,319 bp specific to hexon

gene of FAdV was also confirmed from this band by

PCR (Fig. 4).

The virus (106.5 TCID50/mL) was stable to chloroform,

ether, 50~70% ethanol, acidic condition at pH 3, 0.25%

trypsin (1 : 250), and 50oC for 30 min. On the other

hand, it was moderately labile to 100% ethanol and heat

at 52~54oC for 30 min with TCID50 titers reduced to

104.66 or 103.5 and completely labile to heat at 56~60oC

for 30 min, 1 M MgCl2 at 50oC for 1 h and 1 : 2,000

formalin (37%) with TCID50 titers reduced to < 101.0

(Table 1).

Serotype of FAdV isolates by RFLP patterns

RFLP patterns by HpaII digestion of hexon gene

DNAs (1,319 bp) detected from liver tissues by PCR,

from which 4 FAdVs were isolated, exhibited 5

fragments ranged 460, 280, 230, 190 and 140 bp in size

(Fig. 5). These features were recognized as the RFLP

patterns of FAdV-4 [10, 22].

Fig. 3. Cytopathic effects (CPEs) with rounding, ballooning and clustering observed in CEL cells during virus propagation.

(A) mock-infected CEL cells, 3 days. (B) virus-infected CEL cells, 2 days post-infection. (C) virus-infected CEL cells,

3 days post-infection. ×400.

Table 1. Physicochemical properties of fowl adenovirus isolates

Treatment
Virus titers (TCID50/mL) 

after treatment*
Properties of isolates

Chloroform, room temperature, 10 min 106.5 Stable

Ether, 4oC , 18 h 106.5 Stable

Ethanol, room temperature, 1.5 h

50% 106.33 Stable

70% 106.5 Stable

100% 104.66 Labile

Acidic condition at pH 3, 37oC, 1 h 106.5 Stable

Trypsin (0.25%), 37oC, 30 min 106.13 Stable

Heat

50oC, 30 min 106.33 Stable

52oC, 30 min 104.66 Labile

54oC, 30 min 103.5 Labile

56oC, 30 min <101.0 Labile

60oC, 30 min <101.0 Labile

MgCl2 (1 M), 50oC, 1 h <101.0 Labile

1 : 2,000 formalin (37%), 37oC, 17 h <101.0 Labile

*Virus with 106.5 TCID50/mL was used in chemical and heat treatments.
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In RFLP patterns by BamHI digestion of whole

genomic DNAs in 4 FAdV isolates from CEL cell

culture supernatant, all of the isolates showed 9

fragments ranged 1.8 to 8.8 kbp in size (Fig. 6). These

were also recognized as the RFLP patterns of FAdV-4

[10, 26]. Therefore, all of 4 isolates were determined as

FAdV-4.

Polypeptide patterns of FAdV isolates

The CsCl-purified virus showed approximately 8

polypeptide bands with molecular weights 180, 160, 110,

90, 80, 55, 43 and 23 kDa, which were distinguished from

Fig. 4. A unique viral band observed in cesium chloride

(CsCl)-gradient (25~50%) centrifugation from which hexon

gene was detected by PCR. (A) a virus band with buoyant

density of 1.34 g/mL. (B) 1: a hexon DNA with 1,319 bp,

M: 1 Kbp plus 100 bp-DNA ladder marker.

Fig. 5. Restriction fragment length polymorphism (RFLP)

patterns of 4 FAdV isolates by HpaII digestion of hexon

gene DNAs. 1: Kr-Changnyeong strain, 2: Kr-Andong

strain, 3: Kr-Gunwi strain, 4: Kr-Yeoju strain, M: 50 bp-

DNA ladder marker.

Fig. 6. RFLP patterns of 4 FAdV isolates by BamHI

digestion of whole genomes. 1: Kr-Changnyeong strain, 2:

Kr-Andong strain, 3: Kr-Gunwi strain, 4: Kr-Yeoju strain,

M: 1 Kbp plus 100 bp-DNA ladder marker.

Fig. 7. Polypeptide bands of the FAdV isolate determined

by SDS-PAGE. 1: mock-infected CEL cells, 2: FAdV-

infected CEL cells, 3: FAdV purified by CsCl-gradient

ultracentrifugation, M: ProSieve Color Protein Markers.
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peptide bands in mock-infected CEL cells by SDS-

PAGE analysis (Fig. 7).

Discussion

Four strains of FAdVs were isolated from livers of

chickens affected by HPS, and these Korean FAdVs

showed prominent CPEs including rounding, ballooning

and clustering of the CEL cells, which were unclear

before but determined in the present study. The virus

particles revealed typical hexagonal shape in hepatocytes

of the chickens as generally shown in adenovirus

infections [1, 6, 8, 24, 25].

Buoyant density of the virus isolate in CsCl was 1.34

g/mL as the range of 1.32~1.37 g/mL in the previous

report [3]. In physicochemical properties, the virus was

stable to chloroform, ether, 50~70% ethanol, acidic

condition at pH 3, 0.25% trypsin (1 : 250), heat at 50oC,

but labile to 100% ethanol, heat at 52~60oC, 1 M MgCl2

at 50oC for 1 h and 1 : 2,000 formalin (37%). It was

considered that the virus was labile to the given chemical

or heat conditions, if a drop in titers of more than 101.0

TCID50/mL was recognized after treatment [23]. These

properties were agreed to those of FAdVs isolated from

IBH which were resistant to chloroform, ether, acidic

condition at pH 3, 0.25% trypsin and heat at 50oC for

60 min [19]. Petek et al. [20, 21] also determined that

chicken embryo lethal orphan virus, which belongs to

FAdV-1, was resistant to chloroform, ether, 0.25%

trypsin, 50% ethanol, but labile to 100% ethanol, heat

at 56~60oC for 30 min and 1 M MgCl2 at 50oC.

Therefore, physicochemical properties of the Korean

FAdV isolates to various chemical and heat conditions

as well as buoyant density in CsCl, which were unclear

before were fully determined, and these properties

pertained to common features of FAdV strains. To our

knowledge, biological and physicochemical characteristics

of the Korean FAdV isolates were first reported in the

present study.

All of 4 FAdV isolates were classified as serotype 4

based on the RFLP patterns of hexon genes and whole

genomic DNAs, as suggested in the previous papers [10,

16, 22, 24, 26]. They discriminated serotypes among

FAdV isolates according to the RFLP patterns of hexon

genes by HpaII digestion and those of chromosomes by

BamHI digestion. In the present study, the RFLP patterns

of hexon genes of the FAdV isolates were derived from

the viruses existing in liver tissues of naturally infected

chickens, to exclude the results from possible mutations

in the genes after passages in cell cultures. Therefore,

the RFLP patterns of the hexon genes were distinct

enough to classify serotypes of the isolates, which were

also confirmed by the RFLP patterns of whole genomes.

Eight viral peptides sized 23~180 kDa were determined

in these Korean FAdV-4 isolates. Balamurugan et al. [5]

also reported 3 Indian strains of FAdV-4 which had 8

peptide bands ranged 20~107 kDa. Among these, they

suggested a peptide with 107 kDa as hexon protein. In

these Indian strains, there also were polypeptide bands

above 107 kDa, which were proposed as precursor

polypeptides. On the other hands, Kumar and Chandra

[13] reported a strain of Indian FAdV isolated from HPS

had 12 peptide bands ranged 13.8~110 kDa, and they

supposed a 110 kDa-peptide was hexon protein. In the

present study, similarly, a peptide band with 110 kDa was

regarded as hexon protein, and 2 bands, 160 and

180 kDa, as precursor polypeptides as in these Indian

strains. When compared to foreign strains, therefore, the

Korean FAdV-4 had some disagreements to the peptide

bands in numbers and molecular weight. The results,

however, can be used as the new information on the

peptides of FAdV-4 strains, although these differences

should be further elucidated.
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