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ABSTRACT
Pathology of hydropericardium syndrome (HPS) induced by fowl adenovirus-4 (FAdV-4) in ostriches was
compared with that of broiler chicken kept as standard. A 106.25/ml/bird (chicken lethal dose 50 (CLD50))
was injected to ostriches and broiler (control) and were clinically observed for 7 days. Our results showed
that a peak cloacal temperature was recorded on day 3 and day 4 with a 2.3°F and 1.2°F maximum rise
in broiler and ostrich, respectively. A decrease in feed and water intake was recorded in both broiler and
ostrich from 116 g to 82 g/bird and from 235 ml to 172 ml/bird for broiler, and from 1300g to 790 g/
bird and from 1433 ml to 995 ml/bird for ostriches on days 0-7 post-inoculation. Interestingly, morbidity
was observed 100%, while maximum mortality of 100% in broiler and 33% in ostriches was observed
on day 7 and 6 post-inoculation, respectively. Interestingly, gross lesions were found similar comprising
hydropericardium, hepatomegaly, hepatitis, nephritis and spleenomegaly. Altogether, albeit, FAdV-4
caused similar symptoms and lesions in ostriche, however, mortality remained comparatively lower.

T

he fowl adenovirus serotype 4 (FAdV-4) has been
implicated in hydropericardium syndrome (HPS)
in chicken resulting huge economic losses in poultry
industry of Pakistan. Chickens are considered primary
hosts for the virus, but the disease has also been reported
in pigeons, turkeys and ostrich chicks (Changjing et al.,
2016; Jadhao et al., 1997). The prevalence of HPS, also
known as Angara disease in Pakistan has been reported
as high as 46.6% in chicken with higher mortality (up
to 70%) in chicken of 3-7 weeks of age (Shafique et al.,
1993). The disease is characterized by its sudden onset,
accumulation of jelly like fluid in the pericardial sac,
inflammation of liver with overwhelming intranuclear
inclusion bodies and congested kidneys. Furthermore,
heart is misshaped, flabby with greasy fat deposits on
epicardium, petechial and ecchymotic hemorrhages on
heart musculature and the incised myocardium shows
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congestion and suffusion with blood (Anjum 1990; Jaffery
1988; Kumar et al., 1997). The course of the disease under
natural conditions or following oral inoculation ranges
from 7 to 15 days (Cheema et al., 1989).
Diagnosis of the HPS infection is based on clinical
signs, pathological lesions, histoplathological alterations
and virus isolation or identification. Field diagnosis
however is mainly dependent on the clinical signs and
pathological lesions observed on different organs such as
liver and kidney. In addition to the characteristic clinical
signs of HPS, the mortality and severity of the lesions may
be greater in immune-compromised birds (Nakamura et al.,
2002). In Pakistan, ostrich farming is hardly a decade old
and is developing quite fast. The emerging ostrich industry
however is facing many obstacles including outbreaks of
viral epidemics such as HPS. Unfortunately, very little
scientific published information is available regarding
the pathology, diagnosis and managemental of HPS in
ostrich. Therefore, in this study, we injected a field clinical
isolate of FAdV-4 to ostriches to experimentally induce
the disease and observe its pathology for the purpose of
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improved diagnosis and management. The findings have
implications in ostrich health management and disease
diagnosis.
Materials and methods
The current study was approved by the ethical
committee of the Tando Jam Agriculture University,
Sindh, and all experimental work including sample
collection was carried out according to the national and
institutional guidelines of animal ethics. All efforts were
made to minimize the pain and discomfort to the animals
during the experiment.
A total of 18 eighteen each 3-4 weeks broiler and 3-5
month old ostrich were arranged from the local market and
brought to experimental farm of Sindh Poultry Vaccine
Center (SPVC), Karachi. These birds were acclimatize
for the next 24-48 h and were provided with and feed and
water was provided with ad libitum.
A total of One hundred and ten 4-week old broiler
chickens were used for determination of LD50 as describe
previously (Reed and Muench, 1938).
The FAdV-4 used for experimental induction of HPS
was a kind gift from SPVC, Karachi. Eighteen birds of
each broiler (4 weeks) and ostrich chickens (3 to 5 months)
were divided in two groups (group A and B) comprising 9
birds each. Group A birds of chicken and ostriches were
intramuscularly injected with a dose of 106.25 LD50/ml/bird
as described previously (Raines et al., 1997). The inoculated
birds were then closely observed for development of any
clinical signs, lesions, mortality, daily cloacal temperature,
daily food and water intake. Dead Birds, seriously sick and
euthanized, were necropsied for studying various lesions
on visceral organs like heart, liver, kidneys and spleen.
Results and discussion
The results indicated that temperature increased

gradually from day 0 up to day 3 (104.5-106.8°F) in broiler
and from day 0 up to day 4 (103.3-104.5°F) in ostrich
and then gradually decreased from day 4 to day 7 (106.5105.4°F) in broiler and day 5 to day 7 (104.3-103.9°F)
in ostrich, respectively (Table I). Maximum rise in body
temperature was 2.3°F in broiler, while 1.2°F in ostrich.
On day 0 (before inoculation), mean cloacal temperature
of broiler was found to be 104.5°F and 103.3°F in ostrich.
The results in the present study are in accordance with the
findings of Ahmad et al. (1989) who reported an increased
body temperature in broiler after experimental inoculation
of FAdV-4. The rise in temperature peaked on day-3
post-inoculation in broiler and on day-4 in ostrich (ElAttrache et al., 2001; Ahmad et al., 1989). Increased viral
replication in viral diseases is directly proportional to rise
in body temperature (Radostits et al., 2000).
A marked decrease in daily feed intake was recorded
in both broiler (116-82g/bird) and ostrich (1300-790g/
bird) from days 0 to 7 post-inoculation, respectively. The
results of the current study are in full agreement with
previous studies (Anjum, 1990; Muneer et al., 1989) who
also reported that feed intake was reduced up to 25-50% on
day 2 and day 3 of post inoculation, respectively (Table I).
Reduced feed intake in HPS may be due to pyrexia along
with virus induced hepatitis, hydropericardium and
nephritis. A profound decrease in water intake was found
in both broiler (235-172ml/bird) and ostrich (1433-995ml/
bird) from day 0 to 7 post infections, respectively (Table I).
The results of the present study are compatible with the
findings of Anjum (1990) and Muneer et al. (1989) who
reported that water intake was reduced up to 25-50% on
day 2 and day 3 of post inoculation of FAdV-4 (Anjum,
1990; Muneer et al., 1989).
A morbidity rate of 0-100% was recorded in both
broiler and ostrich from day 0 to day 7 post-inoculation
of FAdV-4 as observed earlier (Muneer et al., 1989).

Table I.- Daily observation of the following parameters of broiler and ostrich after infection with FAdV-4.
Day
0
1
2
3
4
5
6
7

Broiler
CT (°F) DFI (g) DWI (ml) Morb. (%) Mort. (%)
104.5±0.48
116
235
0
0
106.4±0.83
112
229
40
0
106.6±0.72
110
223
60
0
106.8±0.53
104
214
77
10
106.5±0.26
98
203
85
30
106.2±0.98
93
191
83
60
105.7±0.50
87
180
100
80
105.4±0.14
82
172
100
100

Ostrich
CT (°F)
DFI (g) DWI (ml) Morb. (%) Mort. (%)
103.3±0.23
1300
1433
0
0
103.7±0.16
1220
1390
11
0
104.1±0.20
1170
1320
22
0
104.1±0.22
1100
1240
44
0
104.5±0.37
1130
1180
55
11
104.3±0.37
940
1105
62
22
104.1±0.59
870
1030
85
33
103.9±0.51
790
995
100
0

CT, cloacal temperature; DFI, daily feed intake; DWI, daily water intake; Morb., Morbidity; Mort., Mortality. Control group (broiler) values: CT =
104.2°F; DFI= 118g/bird; DWI = 238ml/bird; Morbidity rate = 0%; Mortality rate = 0. Control group (ostrich) values: CT = 103.1°F; DFI = 1320g/bird;
DWI = 1445ml/bird; Morbidity rate = 0%; Mortality rate = 0.
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Typical clinical signs found in ostrich during induced
HPS infection included depression, ruffled feathers, loose
droppings sometimes with chalky material, paleness
of comb and wattles, off feed and reluctance to move.
Interestingly, similar clinical signs were also observed in
the broiler chicken as observed earlier (El-Attrache et al.,
2001).
No mortality was recorded in broiler and ostrich until
day 2 and 3 post-infection, respectively. Mortality started
in broiler on day 3 and terminated at day 7, whereas in
ostrich it started at day 4 and terminated on day 6 postinoculation. Two ostriches were euthanized on day 7 postinoculation to avoid unnecessary suffering as these were
seriously sick (Table I). In contrast, Raines et al. (1997)
inoculated five 3-days old ostrich chicks and found that
all inoculated chicks died before 21 days post-inoculation.
Higher mortality rate reported by Raines et al. (1997) may
be due to higher susceptibility at a younger age since the
age of ostrich chickens in the current experiment was 4-6
month. Of note, in the current study, ostrich have shown
three times less mortality as compared to broiler. This
phenomenon is however worthy to be investigated further.
Postmortem examination of ostrich and broiler was
performed for all dead and euthanized birds suffering from
induced HPS. Gross pathological changes in the affected
visceral organs like heart, liver, kidneys and spleen were
recorded. Each affected organ was scored according to
intensity of lesions as light (1), moderate (2) and severe (3)
as described in Supplementary Table I. The most prominent
necropsy findings in the current study was accumulation of
jelly like fluid in the pericardial sac, hepatitis, nephritis
with necrosis and petechial and echymotic hemorrhages
observed in 100% of the dead birds in both broiler and
ostrich (Anjum, 1990; Muneer et al., 1989; Raines et al.,
1997; El-Attrache et al., 2001) (Supplementary Fig. 1).
Spleen is also a site of virus replication therefore various
lesions including hemorrhages, necrosis and inflammation
are frequently observed in spleen of both broiler and
ostrich (Supplementary Fig. 1). The findings of the current
study are matching with previous findings (Arshad, 1991;
Cheema et al., 1989; Khan, 2008). Overall, our results
showed that ostrich and broiler displayed a similar clinical
picture when experimentally induced with HPS, however,
ostrich revealed comparatively less mortality suggesting
that HPS could be of reduced fatal nature in ostrich.
Conclusion
From this study, it has been concluded that FAdV-4
causes 100% morbidity in ostrich as like in broiler and
displayed similar clinical picture, however, mortality in
ostrich stayed comparatively lower suggesting that HPS
could be less fatal for ostrich.
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