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Abstract:

BACKGROUNDS: Diseases affecting the respiratory tract of sheep and goats are one of the most
important factors which limit production of these species on a world-wide basis.

OBJECTIVES: The main goal of this study was to determine Adenovirus (AdV) antigen in forma-
lin-fixed paraffin-embedded lung tissue of pneumonic goats, using immunohistochemistry (IHC) stain-
ing method.

METHODS: For this purpose, the lungs of 402 goats, which were raised in various farms in the
Garmsar district and surrounding areas and were brought to the local abattoir for slaughtering between
April and September 2016, were examined.

RESULTS: Macroscopic pneumonia findings were detected in different lobes particularly in the api-
cal and cardiac lobes of the lungs of 26 goats (%6.46). The rates of mild, moderate and severe consol-
idations observed in the pneumonic lungs were 59.8%, 26.3% and 11.6%, respectively. Pneumonias
were microscopically classified in goats as interstitial pneumonia (n=15) (57.69%), suppurative bron-
chopneumonia (n=4) (15.38%), bronchointerstitial pneumonia (n=3) (11.53%), and parasitic pneumonia
(n=4) (15.38%). A total of 22 pneumonic lungs, excluding parasitic pneumonia, examination with im-
munohistochemistry (IH) in terms of AdV antigen, were considered. AdV antigen was determined to be
(13.63 %) (n=3) by the immunohistochemistry (IHC) method.

CONCLUSIONS: In conclusion, the presence of viral antigen in lung tissues of goats may indicate
that natural pneumonia may be induced by AdV or possibly other species-specific AdVs. Moreover, it
is suggested that AdV might have a role in predisposing this species to secondary bacterial infections.
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Adenovirus Antigen in Pneumonic Goats
Introduction

Diseases of the respiratory tract of sheep
and goats are one of the most important
factors which limit production of these spe-
cies and thus cause major economic loses
in small ruminant industry on a world-wide
basis (Yesilbag, Giingor,. 2008).

There are 128.7 million animal units (one
mature sheep) in Iran. The number of sheep
and goats are 52.2 and 25.9 million heads
respectively. Per capita consumption of red
meat, with meat, milk and eggs are: 12.7,
28.4, 115 and 9.8 kg/person/year respec-
tively.

Livestock production is the principal oc-
cupation of the rural inhabitants of Garmsar
county (Semnan Province Iran). Sheep and
goats are the major livestock species of the
province too. Overall productivity of these
animals is low due to poor feeding, man-
agement factors and prevalence of various
viral, bacterial and parasitic diseases. The
economic consequences of this situation are
profound and include mortalities as well as
indirect estimators of morbidity such as in-
creased time to reach market weight, poor
feed conversion, higher rates of culling,
poor carcass composition, increased con-
demnation at slaughter and extra cost and
time for medication and veterinary services
(Valizadeh, 2010).

It has been well demonstrated that some
viruses with cattle origin cause respiratory
tract infections in sheep and goats (Caswell
and Williams, 2007; Sharp and Nettelton,
2007). Although these viruses were rarely
determined, it has been revealed that many
viruses associated with respiratory system
diseases in cattle have been implicated in
natural and experimental infections in sheep
and goats (Thiry et al., 2007).
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Adenovirus infections are most often
subclinical, and diseases occur more com-
monly in the intestinal or respiratory tracts
(Debey et al., 2011).

Natural or experimental adenovirus in-
fections in sheep and goat cause lesions
mainly in the respiratory tract. In addition,
experimental infections in lambs with ad-
enoviruses and BHV1 usually produce le-
sions, and they are confined to the respira-
tory tract (Cerebasi et al., 2016).

Although Adenovirus pathogenecity has
been well defined in cattle (Caswell and
Williams., 2007, Cerebasi et al., 2016),
few natural pneumonia cases related to this
agent have been reported in small ruminants
(Mohammad and Ahmed, 2009; Cerebasi et
al., 2016).

Destroyed ciliary activity and markedly
decreased mucosiliary cleaning in the respi-
ratory tract have been reported in Adenovi-
rus infections (Cerebasi et al., 2016).

Routine histopathologic examination has
been reported to be insufficient for the di-
agnosis of Adenovirus infections (Caswell
and Williams., 2007). The confirmative di-
agnosis of this infection is made by virus
isolation in cell culture, PCR, electron mi-
croscopy, serum neutralisation analysis, flu-
orescence antibody and immunohistochem-
istry (IH) (Debey, 2011; Mahmoud and
Ahmed, 2009; Okurgumusova et al., 2007;
Cerebasi et al., 2016).

The purpose of this study was to deter-
mine the prevalence of Adenovirus antigen
using immunohistochemistry (IH) staining
of formalin-fixed, paraffin embedded lung
tissues of pneumonic goat slaughtered in
the Garmsar municipal slaughterhouse and
surrounding areas, Semnan, Northeast Iran.
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Materials and Methods

Sample collection: The lungs of 402
goats, which were raised in the Garmsar
district and surrounding areas and were
brought to the abattoir for slaughtering be-
tween April and September 2016, were ex-
amined. Macroscopic pneumonia findings
were detected only in the apical and cardiac
lobes of the lungs belonging to 26 animals.
The tissue samples taken from affected
lungs were fixed in NBF 10% (10% buft-
ered formalin).

Gross and histopathological examination

The severity of pneumonia in all pulmo-
nary lobes was scored based on the extent of
consolidation. Based on the lesions on pul-
monary lobes and the volumes of the lobes
involved; as less than 10%, between 10%
and 20%, and more than 20%, lesions de-
termined were evaluated as “mild”, “mod-
erate” and “severe”, respectively.

Tissue samples taken from grossly con-
solidated lungs were fixed in10% buffered
formalin for 48 h and were embedded in
paraffin wax before sectioning. The tissues
were then stained with haematoxylin and
eosin (H&E), and finally examined under
light microscopy.

Immunoperoxidase staining: Immuno-
histochemistry (IHC) staining method was
applied to the total number of 22 lungs,
which were microscopically characterized
as having suppurative bronchopneumonia,
bronchointerstitial pneumonia, and intersti-
tial pneumonia, but not lung with parasitic
pneumonia (n=4).

Tissue sections were immunohistochem-
ically processed to assess the expression
of adenovirus antiserum [adenovirus type
5 antibody (ab6982), 1/100 dilution, Ab-
cam, Cambridge, UK], using routine avi-
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din-biotin-peroxidase complex techniques.
Selected sections were stained for immu-
nohistochemistry processed according the
manufacturer’s instructions. The paraf-
fin-embedded, 5-um sections were attached
to glass slides coated with poly-L-lysine
and dried overnight at 37 oC to optimize
adhesion. Sections were de-paraffinized in
multiple xylene baths, and rehydrated in
sequentially graduated ethyl alcohol baths.
To reduce non-specific background staining
due to endogenous peroxidase, slides were
incubated in hydrogen peroxide in methanol
for 10 min. The sections were washed twice
in phosphate buffer solution (PBS) before
5-min incubation in blocking and overnight
at 4 °C incubation with primary antibody.
They were rinsed four times in PBS, and
then incubated with a biotinylated polyva-
lent antibody for 10 min at room tempera-
ture. After three washes in PBS, streptavidin
peroxidase was applied for 10 min at room
temperature, and the slides were rinsed four
more times in PBS. EXPOSE Mouse and
Rabbit Specific HRP/DAB Detection IHC
kit (ab80436) was used as seconder Kkit.
Tissues were further incubated for 20 min
at room temperature in a solution of DAB
(3, 3-diaminobenzidine) chromogen. After
a final wash in PBS, tissues were counter-
stained with Mayer’s hematoxylin, washed
in water, and cover slips were applied with
mounting media. For negative control pri-
mary antibody omitted the slides.

Results

Gross pathological findings: A total of
402 goat lungs were grossly examined post-
slaughtering, and pneumonic lesions were
detected in different lobes of the lung par-
ticularly in the apical and cardiac lobes in 26
cases (6.47 %). The rates of mild, moderate
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Figure 1. Goat, lung. Bronchiole. Note bronchiolar infil-
tration of neutrophils.

Figure 2. Goat, lung. Bronchus. Note presence of parasite
eggs and laves within the bronchus and peribronchial infil-
tration of inflammatory cells.

and severe consolidation observed in differ-
ent lobes of pneumonic lungs were 59.8%,
26.3% and 11.6%, respectively. Generally,
the lesions in different lobes were character-
ized as irregular lobular atelectatic foci and
patchy or confluent consolidated purple-red
or grey foci.

Histopathological findings: In micro-
scopic examination, pneumonias were
classified in goats as interstitial pneumonia
(n=15) (57.69%), suppurative bronchopneu-
monia (n=4) (15.38%), bronchointerstitial
pneumonia (n=3) (11.53%), and parasitic
pneumonia (n=4) (15.38%) (Figs.1, 2). Sup-
purative bronchopneumonia, bronchointer-
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stitial pneumonia, and interstitial pneumo-
nia, were determined in 22 (84.61%) goat
lungs which were examined for the presence
of Adenovirus antigen using immunohisto-
chemistry (IHC) staining technique, but not
lung with parasitic pneumonia (n=4).

Immunoperoxidase staining (IP) find-
ings: Of the 22 pneumonic goat lungs, AdV
antigen was detected in 3 cases (13.63%).
It was noticed that positive staining was
generally present in the pneumonic areas.
Specific IHC staining associated with viral
antigen was observed generally in the gran-
ular appearance and in the cytoplasm of
epithelial cells in the airways. Although se-
vere AdV immunostaining was found in the
bronchiolar epithelium, it was scanter in the
alveolar epithelium of pneumonic lungs in
goat. In addition, AdV antigen was detect-
ed in bronchiole associated lymphoid cells.
AdV positivity was observed in bronchiolar
and alveolar epithelium (Fig.3). No immu-
nopositive staining was observed in tissue
from healthy goat lungs, named as negative
control (Fig. 4).

Discussion

Previous studies have reported that fluo-
rescent antibody technique (FAT) is an ad-
vantageous technique in terms of achieving
rapid results because preparation and exam-
ination of the samples are performed with-
in a short period of time (Forghani, 2010).
However, the efficiency of (FAT) is limited
in terms of determining appropriate mor-
phological details in tissues (Cerebasi et al
2016).

While processing formalin-fixed tissues
takes more time, the histopathology results
of retrospective studies show that forma-
lin-fixed sections are superior to frozen sec-
tions in terms of accurate identification of
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Figure 3. Goat, lung. AdV positivity was detected in bron-
chiolar epithelium (arrows) and perivascular cell infiltra-
tions (arrows). x 1000.

Figure 4. Goat, lung. No immunopositive staining was
observed in tissue from healthy goat lungs. x 100.

cell and tissue types.

However, immunogenic epitopes and
many antisera used for IHC diagnosis are un-
reactive in fixed specimens, due to the dam-
aging effect of fixation (Cerebasi et al 2016).

In the present study, AdV antigen was
identified in 3 goats (13.63%) by IHC. In
addition, the results of this study are the first
in Semnan province in terms of determina-
tion of AdV viral antigens by IHC in lung
tissues of goats with natural pneumonia.

The IHC findings of the present study
are consistent with the results of previous
studies performed in cattle, in terms of the
distribution and localization of AdV viral
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antigens in lungs (Cerebasi et al 2016).

In addition, it is epidemiologically im-
portant to determine localization of vi-
ral agent throughout the epithelium of the
respiratory tract in goats, in terms of the
spread of antigens to susceptible animals by
nasal secretions and coughing (Caswell and
Williams, 2007).

It has been reported that experimental
adenovirus infections are microscopically
characterized by proliferative bronchiolitis,
degeneration, desquamation or hyperplasia
of bronchial and alveolar type II epitheli-
um, atelectasis, lymphocyte, macrophage
and neutrophil infiltrations, thickening of
the interalveolar septum and intranuclear
inclusions in endotelial and epithelial cells
in ruminants (Sharp and Nettelton, 2007).

The histopathological findings of the
present study were similar to the results of
previous studies, with the exception of in-
clusion bodies.

Earlier studies have suggested that the
determination of viral pneumonia-specific
lesions, such as inclusion bodies in exper-
imental adenovirus infections, may depend
on many factors, including animal species
and age, virulence of agent, amount of vi-
rus, infection period and the presence of
secondary bacterial infections (Cerebasi et
al., 2016).

Thus, definitive diagnosis of AdV asso-
ciated pneumonia has been reported to be
made with PCR, culture, electron microsco-
py, FAT, IFAT and IHC techniques (Biswas
et al., 2013). Moreover, it has been empha-
sized that failure to determine the virus or
antigens by electron microscopy and im-
munofluorescence staining might be experi-
enced due to low concentrations of virus in
the lesions (Cerebasi et al., 2016).

Surveys using bovine adenovirus to de-
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tect adenovirus antibodies in goats in Iran
(Shirvani et al., 2012), India (Majumder
et al.,2015), and the United Sates (Terry et
al.,2015) indicate low adenovirus infection
rates. Although AdV seropositivity rate was
found to be 5.2% in goats in the Marma-
ra region of Turkey (Okurgumusova and
Akca, 2007), it was determined as 11.0% by
ELISA in Gazelle subgutturosa in the Cey-
lanpinar region of Turkey (Gur et al., 2008).

In another study conducted on cattle in
the Elazig province of Turkey, prevalance
of AdV was detected as 5.26% by IHC and
6.88% by DFAT, respectively. When all the
data obtained so far for AdV seropositivity
are considered, it is plausible (Cerebasi et
al., 2014) to suggest that urgent prevention
measures are required in order to control
this infection in Semnan province.

In conclusion, in the present study, AdV
antigen was determined as 13.63% by IHC
in pneumonic goat lungs.

The presence of viral antigens in the lung
tissues of goats may indicate that natural
pneumonia may be induced by AdV, or pos-
sibly other species-specific adenoviruses in
the study area. In addition, it is thought that
goats might have a role in transmission of
these viruses to cattle.
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