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Adenoviruses consist of four genera, Aviadenovirus, Mastadenovirus, Atadenovirus and

Siadenovirus [�]. Fowl adenovirus (FAV) belongs to Aviadenovirus and has been well known as an
agent of inclusion body hepatitis (IBH) in chicken, and in which��serotypes have been recognized
in the world [�]. Serotypes of FAVs isolated from IBH are not restricted to a certain serotype but
belong to many serotypes [�]. Recently, epizootic outbreaks of gizzard erosion in broiler flocks
caused by fowl adenovirus infection have been reported in Japan [�, �, ��]. The first adenoviral
gizzard erosion was reported in layer chickens in ����[��]. Most of the FAV isolates from the
gizzard lesions were serotype �, but a few were serotype �[�, ��]. The gizzard lesions were repro-
duced in broiler and specific pathogen-free (SPF) chickens by oral infection with serotype �easily,
but not with serotype �[��]. However, some young chicks orally inoculated with serotype �could
produce mild gizzard erosions [�]. From these reports, the serotype �has been considered to play
a main role in the occurrence of gizzard erosion.

Distribution rate of each serotype in Japan was shown in ����, by Kawamura et al. [�]. They
showed serotype �(prototype strain Ote) occupied ��.�% of all isolated FAVs, and followed
serotype �(prototype strain TR��) with ��.�%. Since then, there has been no data on the distribu-
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tion of serotypes of FAV in Japan.
In this study, the distribution of FAV serotypes�and�was examined by serological tests, such

as neutralization (NT) and agar gel precipitation (AGP) tests, using�,���sera collected from all over
the country. �������������������
Chicken sera

Sera were collected from broiler and layer chickens aged��days or more, which were raised in���farms in��prefectures, from November,����to January,����. Six or more sera were tested per
flock. These sera were treated at ��℃ for ��min before use, and were diluted �:��in physiological
buffered saline for neutralization test.
Viruses

Two strains of FAV, strain JM�/�of serotype�and strain B��-�of serotype�, which were both
isolated from gizzard lesion of broilers [��], were used in the present experiments.
Serological tests

Serological tests were employed by AGP and NT tests. AGP was done by using �units of
antigen prepared by chorioallantoic membranes (CAM) infected with strain JM�/�as reported
previously [��]. The reaction was performed in a moisture box at ��℃ overnight and then at room
temperature for �days, and precipitin lines were observed daily with reverse lighting. AGP test is
lower in sensitivity than NT test, but is specific and useful to detect antibody to any serotype.

NT test was done by mixing ��-fold diluted serum with ���TCID��of each virus solution and
inoculation on ��-well microplate containing chicken kidney cultured cells in ordinary methods.
Two wells were used for one sample and CPE was observed on�th day post-inoculation. The sample
was judged as antibody-positive when CPE was not observed in both wells.��������������������

The results are shown in Tables �, �and Fig. �.
As shown in Table �, AGP antibody was found in all districts with positive rates ranging from��.�to ��.�%. NT antibody positive rates of serotype �were ��.�- ��.�%, and those of serotype�were��.�-��.�%. These results show that both serotypes�and�distributed all over the country.

AGP antibody positive rate of total sera was ��.�%, which was higher than NT antibody positive
rates of serotype�(��.�%) or�(��.�%). This result suggests that chickens might have been infected
with other serotypes than serotypes �and �.

Table �shows the positive rates in sera grouped by chicken use. AGP antibody rates were
higher in layer and breeder than broiler. This might result from longer exposure period of layer or
breeder in their life to FAV infection. In broiler, NT antibody positive rate of serotype �(��.�%)
was higher than that of serotype �(�.�%). This result might be reflected on the current onsets of
gizzard erosion of broiler.

Fig. �shows the results at different ages in layer chickens. Data from broiler was not shown
here, since broiler’s life is usually very short as less than ��days of age in Japan. Positive rates
increased according to ages in both AGP and NT of serotype �.

Twelve distinct serotypes have been recognized in fowl adenovirus. According to the report of
Kawamura et al. [�], a significant cross reaction was only recognized between serotypes �and �,
additionally a weak cross reaction was observed between serotypes�and�,�and�,�and�, or�and
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�. Therefore, the antibodies detected in �:��diluted serum will be considered to be specific to each
serotype.

From the results, it was shown that FAV serotypes �and �have been distributed countrywide
in Japan. However, it is not clear how many cases of antibody-positive samples were related with the
incidents of gizzard erosion, since not all of viruses of each serotype can produce the lesions.

SEROSURVEY FOR FOWL ADENOVIRUS �
Table 1. Prevalence of antibody to FAV in chicken sera from different districts

District where sera were collected

Antibody Hokkaid�
T�hoku

Kant�
K�shinetsu

T�kai

Kinki

Ch�goku

Shikoku

Ky�sh�
Okinawa

Total

AGP
��/���a)

(��.�) ��/���
(��.�) ��/��

(��.�) ��/���
(��.�) ���/���

(��.�) ���/�,���
(��.�)

NT

(Serotype �) ��/���
(��.�) ��/���

(��.�) ��/��
(��.�) ��/���

(��.�) ���/���
(��.�) ���/�,���

(��.�)
NT

(Serotype �) ��/���
(��.�) ��/���

(��.�) ��/��
(��.�) ��/���

(��.�) ��/���
(��.�) ���/���

(��.�)
a) No. of sera with antibody/ No. of sera tested (%)

Table 2. Prevalence of antibody to FAV in broiler and layer chickens

Chickens

Antibody
Broiler Layer

Breeder

(Broiler)
Total

AGP
���/���a)

(��.�) ���/���
(��.�) ��/���

(��.�) ���/�,���
(��.�)

NT

(Serotype �) ���/���
(��.�) ���/���

(��.�) ���/���
(��.�) ���/�,���

(��.�)
NT

(Serotype �) ��/���
(�.�) ���/���

(��.�) ��/��
(��.�) ���/���

(��.�)
a) See Table �.

Figure 1. Prevalence of antibody to FAV in layer chicken sera at different ages.



These results also suggest that it might be difficult to eradicate both serotypes of FAV from
broiler flocks and to prevent the occurrence of adenoviral gizzard erosion. Ono et al. [�,�] reported
that maternal antibody could not protect FAV infection, but live virus infection could protect
re-infection experimentally. Therefore, a live vaccine will be preferable to a killed vaccine for protec-
tion against adenoviral gizzard erosion. ����������
[�] Abe, T., Nakamura, K., Tojo, T. and Yuasa, N.: Gizzard erosion in broiler chickens by group

I avian adenovirus. Avian Dis., ��, ���-���(����)
[�] Büchen-Osmond, C.: Adenoviridae. in ICTVdB - The Universal Virus Database, version �.

The Earth Institute, Biosphere �Center, Columbia University, AZ, U.S.A. (����)
[�] Okuda, Y., Ono, M., Shibata, I. and Sato, S.: Pathogenicity of serotype �fowl adenovirus

isolated from gizzard erosions of slaughtered broiler chickens. J. Vet. Med. Sci.,��,����-����
(����)

[�] Ono, M., Okuda, Y., Yazawa, S., Imai, Y., Shibata, I., Sato, S. and Okada, K.: Adenoviral
gizzard erosion in commercial broiler chickens. Vet. Pathol., ��, ���-���(����)

[�] Ono, M., Okuda, Y., Shibata, I., Sato, S. and Okada, K.: Pathogenicity by parenteral injection
of fowl adenovirus isolated from gizzard erosion and resistance to reinfection in adenoviral
gizzard erosion in chickens. Vet. Pathol., ��, ���-���(����)

[�] Ono, M., Okuda, Y., Yazawa, S., Shibata, I., Sato, S. and Okada, K.: Outbreaks of adenoviral
gizzard erosion in slaughtered broiler chickens in Japan. Vet. Rec., ���, ���-���(����)

[�] Ono, M., Okuda, Y., Yazawa, S., Shibata, I., Tanimura, N., Kimura, K., Haritani, M., Mase, M.
and Sato, S.: Epizootic outbreaks of gizzard erosion associated with adenovirus infection in
chickens. Avian Dis., ��, ���-���(����)

[�] Kawamura, H., Shimizu, F. and Tsubahara, H.: Avian adenovirus : its properties and serologi-
cal classification. Nat. Inst. Anim. Hlth. Quart., �, ���-���(����)

[�] Mcferran, J.B. and Adair, B.M.: Group I adenovirus infection. pp. ���-���. in Diseases of
Poultry, ��th ed. (Saif, Y.M., Barnes, H.J., Glisson, J.R., Fadly, A.M., McDougald, L.R. and
Swayne, D.E. eds.), Iowa State Press, Ames (����)

[��] Takase, K., Baba, G. M., Nishi, R., Fujikawa, H. and Yamada, S.: Comparison of agar-gel
precipitin responses among strains of fowl adenovirus using antigens prepared from
chorioallantoic membranes and chicken kidney cell cultures. J. Vet. Med. Sci., ��, ���-���
(����)

[��] Tanimura, N., Nakamura, K., Imai, K., Maeda, M., Goto, T., Nitta, S., Ishihara, T. and Amano,
H.: Necrotizing pancreatitis and gizzard erosion associated with adenovirus infection. Avian
Dis., ��, ���-���(����)

[��] Yamada, K., Takase, K., Yamasaki, K., Ohta, K., Taira, K. and Takae, Y.: Fowl adenoviruses
isolated from gizzard erosion of broiler: serotype and pathogenicity. Bull. Facul. Agri.
Kagoshima Univ., ��, ��-��(����) (in Japanese).

� Hiroko ITO, Hideyuki OHTA, Yasuji MURAKAWA, Satoshi TAHARAGUCHI and Kozo TAKASE


