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A B S T R A C T

A serologic survey was undertaken in chickens in smallholdings in Bangladesh for avian

influenza A virus (AIV), egg drop syndrome ’76 virus (EDS’76V), infectious bronchitis virus

(IBV), Newcastle disease virus (NDV) and reovirus (RV) in three phases: January 2002–May

2003, September 2003–August 2004, and August 2005–March 2006. Four hundred thirty-

six sera collected in the 2nd phase, 295 in the first phase, 755 in the 1st plus 2nd phases

and 295 in the 1st phase were investigated for AIV, EDS’76V, IBV and RV, respectively,

using enzyme linked immunosorbent assays. All 854 sera collected in the three phases

were screened for NDV using hemagglutination inhibition test. In chickens 20% were

seropositive to AIV, 3% to EDS’76V, 74% to IBV, 88% to NDV, and 47% to RV. The

seroprevalence in flocks was 23% to AIV, 6% to EDS’76V, 79% to IBV, 89% to NDV and 56% to

RV. Twenty-five percent chickens had �10 log2 HI titers to NDV.

� 2008 Elsevier B.V. All rights reserved.
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1. Introduction

About 89% of rural households have poultry in Bangla-
desh, and the average number of birds is 6.8 (Fattah, 1999).
In the last 10 years a village poultry-production chain
emerged in 17 northern and 5 southern districts of
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Bangladesh (Ahamed, 2002; Ahmed, 2002). In northern
districts this development program is called ‘Participatory
Livestock Development Project (PLDP)’, and in the south
‘Smallholder Livestock Development Project-2 (SLDP-2)’.
The production chain under these programs incorporates a
set of interdependent beneficiaries: key rearer, chick rearer,
model breeder, poultry health worker, egg collector and feed
seller (Ahamed, 2002; Ahmed, 2002). In the PLDP and the
SLDP-2 areas, 93 and 96%, respectively, of the beneficiaries
are key rearers. A key rearer rears about 5 Sonali (F1
generation of Rhode Island Red male X Fayoumi hen) and
some desi (indigenous and genetically non-descript) broody
hens in their homesteads in a semi-scavenging system
(Ahamed, 2002; Ahmed, 2002; Fattah, 1999). The Sonali
hens are reared for higher egg production (50–60% hen-day
egg production with 50% in production by 179 days) (Haque
et al., 1999; Miah et al., 2002); on the other hand, a desi hen
lays only 45–54 eggs/year (Ahmed and Hasnath, 1983;
Haque and Haque, 1990). In total, 361,839 and 104,000 key
rearers were enrolled in the PLDP and SLDP-2 areas,
respectively (Ahamed, 2002; Ahmed, 2002).
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Causes of loss of Sonali chickens and broody-hen chicks
on key rearers’ smallholdings in the SLDP-2 area were
described by Biswas et al. (2007b) and Biswas et al. (2006),
and the incidence of major endemic and epidemic diseases
in key rearers’ flocks in the PLDP area by Biswas et al.
(2005). In both areas collecting diseased and/or dead
chickens was difficult because rural people in Bangladesh
tend to slaughter sick birds for meat, and dead birds
decompose because of insufficient refrigeration (Biswas
et al., 2005, 2006, 2007b). Serosurvey of important chicken
diseases might indicate the load of these diseases in
smallholders’ chickens. Here, we report seroprevalence of
avian influenza A virus (AIV), Egg drop ’76 virus (EDS’76V),
infectious bronchitis virus (IBV), Newcastle disease virus
(NDV) and reovirus (RV) in chickens on smallholdings in
Bangladesh.

2. Materials and methods

2.1. Study phases and populations

A cross-sectional serologic survey for five viruses – AIV,
EDS’76V, IBV, NDV and RV – in chickens on smallholdings
in Bangladesh was undertaken in three phases: January
2002–May 2003, September 2003–August 2004, and
August 2005–March 2006.

The first phase was conducted in the PLDP area: the
PLDP management assigned different Non-Governmental
Organizations (NGOs) to provide financial and technical
support to the beneficiaries. In the 17 districts, one
(Gaibandha) was selected by lottery. Within this district
2 upazilas (an upazila is a lower administrative unit of
Bangladesh) were selected by lottery (Gaibandha sadar
and Palasbari). The number of key rearers enrolled in each
upazila was 3853. For each upazila, using the list of key
rearers kept at an NGO office and generating random
numbers by computer, 100 key rearers were selected. Desi
chickens >2 months on a selected smallholding were bled
for serum samples when the smallholder had accepted a
monetary incentive of Taka 30 per bird (US $1 = 66 Taka).
During this 1st phase serum samples were collected from
99 smallholdings.

In the second phase blood samples were collected from
Sonali chickens >2 months in the Smallholder Livestock
Development Project-2 (SLDP-2) areas. Sampling of the
smallholders’ flocks and the rates of loss of Sonali chickens
in this population were described earlier (Biswas et al.,
2006). After the same financial incentive was accepted as
in PLDP area, serum samples were collected from 165
smallholdings.

The 3rd phase was conducted in one upazila (Chatkhil)
of the SLDP-2 area, where 22 out of 4000 key rearers were
randomly selected. Desi and Sonali chickens >2 months of
these flocks were sampled.

2.2. Estimation of required sample size

To estimate the overall seroprevalence for five viruses
we calculated the minimum number of chickens to be 512,
based on the formula n = Z2PQ/L2 (Permin and Hansen,
1998), where n = sample size, P = expected prevalence,
Q = 1 � P, L = required precision. Because the prevalence
has not been reported for AIV and RV we used 20%
(P = 0.20), a precision of 5% (L = 0.05) and confidence level
95% (i.e. Z = 2).

Previously Alam et al. (2003) reported the seropreva-
lence of AIV, IBV and NDV in smallholder chickens in
Bangladesh could be 23, 80 and 80%, respectively. On this
basis, we calculated the minimum number of smallholders’
flocks to be 80, 7 and 7, respectively, based on the formula
n ¼ 4V2

x =e2 (Levy and Lemeshow, 1999), where V2
x = the

relative variance (the estimated population variance [here
10%] divided by the square of the estimated population
mean [here 23, 20, 80, 80 and 20%, respectively]), e = the
maximum relative difference between the estimation and
the unknown population value (here 0.1, i.e. 10% with 95%
confidence level). Because the seroprevalences for EDS’76V
and RV in smallholder chickens is unknown, taking a value
of 20% in the above equation, the estimated number of
flocks to be investigated for each virus was 100.

At the beginning of the 1st, 2nd and 3rd phases of the
study, the median number of desi, Sonali and Sonali and
desi chickens on the smallholders’ flocks sampled were 4
(Ahamed, 2002), 6 (Biswas et al., 2006) and 9, respectively.
Commercially available indirect ELISAs were used for
assessing the seroprevalences of EDS’76V, IBV and RV in
the 1st, and AIV and IBV in the 2nd phase. For NDV, the
hemagglutination inhibition (HI) test was applied. Using
the highest sensitivity of commercial IBV-ELISA, as
reported by De Wit (2000), the number of birds to be
sampled from a smallholding in each study phase was
calculated from the formula n = {1 � (1 � C)1/

Dxsens}{N � 0.5 (D � 1)}; where n = the required number
of samples, C the desired certainty (here, 95%, i.e. 0.95),
sens = estimation of test sensitivity (here, 55%, i.e. 0.55),
D = the prevalence considered (here, 80%, i.e. 0.80) within
the chicken population � N (here, in phases 1, 2 and 3,
N = 4, 6 and 9, respectively). Accordingly, for 95% certainty
of detecting the seroprevalence of each of the four viruses
on a smallholding, the minimum numbers of birds to be
sampled in the 1st, 2nd and 3rd phases were 3 (2.4), 3 (2.8)
and 4 (3.1), respectively.

2.3. Collection, shipment and preservation of blood serum

samples

For the 1st study phase two upazila poultry health
workers (UPHWs) were employed to collect serum samples
from chickens on smallholdings (Biswas et al., 2005, 2006)
and in the 2nd phase four were employed. In the 3rd phase
one field assistant recruited by a research project being
undertaken by the Chittagong Veterinary and Animal
Sciences University (CVASU), Chittagong, Bangladesh col-
lected the serum samples. The collection procedures were
validated by monthly visits by a veterinarian from CVASU.

Birds were aseptically bled through a brachial vein.
When serum had separated it was transferred to a sterile
Eppendorf tube (capacity 2.5 ml), and preserved with
thiomersal 1:10,000 to prevent bacterial contamination.
Each Eppendorf tube was marked with the code no. of the
smallholding, date of collection, age and type of bird, and
the vaccination history of the flock.



Table 1

Distribution of village chickens and smallholders’ flocks in Bangladesh screened for seroprevalence of five viruses

Phase Bird type No. flocks No. chickens No. tested fora

AIV EDS’76V IBV NDV RV

1 Desib 99 295 NT 295 295 295 295

2 Sonalic 165 471 436 NT 460 471 NT

3 Desi and Sonali 22 88 NT NT NT 88 NT

Total – 286 854 436 295 755 854 295

Phases 1 = January 2002–May 2003, 2 = September 2003–August 2004, 3 = August 2005–March 2006.
a AIV = avian influenza virus, EDS’76V = egg drop syndrome ’76 virus, IBV = infectious bronchitis virus, NDV = Newcastle disease virus, RV = reovirus;

NT = not tested.
b Non-descript/indigenous.
c F1 generation of Fayoumi (mother) and Rhode Island Red (father) breeds.
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The numbers of chickens and flocks sampled during the
three phases are summarized in Table 1. In the first phase,
3 birds were sampled from each of 97 flocks and 2 from
each of 2 flocks. In the 2nd phase, blood was taken from 3
birds of each of 141 flocks and 2 from each of 24 flocks. In
the 3rd phase, blood was collected from 4 chickens of each
of 22 flocks.

The serum samples were initially preserved at about
�20 8C at the NGO office. These frozen samples were
transferred to the Department of Microbiology, CVASU
each month, and then kept at �85 8C.

2.4. Analysis of sera

In the first phase, for EDS’76V, IBV and RV, ELISA kits
produced by Bio-check, Holland were used, and in the
2nd phase, for AIV and IBV ELISA kits produced by IDEXX
laboratories, USA, were used. All ELISAs were performed
according to the manufacturers’ instructions. For the 1st
phase, ELISA plates were read via a 405 nm filter on an
ELISA plate reader (Statfax Co., USA), while plates in the
2nd phase were read via a 650 nm filter on an automatic
ELISA plate reader (SPECTRA max-version). HI antibodies
against NDV in all the samples were measured in 96-
well micro-titration plates by the HI test according to
OIE (2002). F strain of NDV was used; for negative
control, SPF chicken serum from Bio-Check, Holland was
used, and for positive control, pooled serum collected
from 5 chickens 21 days after immunization with a
vaccine prepared from Mukteswar (M) strain of NDV,
was used. A titer of �log2 1 was considered seropositive
(Chrysostome et al., 1995).
Table 2

Proportion of smallholders’ chickens and flocks in Bangladesh seropositive to avia

bronchitis virus (IBV), Newcastle disease virus (NDV) and reovirus (RV)

Agent Phase Chicken preva

AIV 2 88/20 (16, 24)

EDS’76V 1 8/3 (1, 5)

IBV 1, 2 555/74 (70, 77

NDV 1, 2, 3 754/88 (86, 91

RV 1 138/47 (41, 53

Phases 1 = January 2002–May 2003, 2 = September 2003–August 2004, 3 = Aug
a Out of 436 sera.
b Out of 147 flocks.
c Out of 755 sera.
d Out of 260 flocks.
2.5. Data analysis

All serological data were entered into Excel 2000
(Microsoft Corporation) and transferred to STATA-7
(STATA Corporation) statistical software for data manage-
ment and summary.

3. Results and discussion

Table 2 shows the seroprevalences of five viruses in
chickens and flocks. None of the chickens sampled had a
history of vaccination against AIV, EDS’76V, IBV or RV, but
36% of flocks in the 1st phase had reportedly been
vaccinated against ND, and 27% in the 2nd phase; in the
3rd phase no flock had a history of ND vaccination. The
lowest IBV-ELISA antibody titer in the 1st phase was 833,
and 5% of the chickens in this phase had a titer >10,000. In
the 2nd phase, 12% of the chickens had IBV-ELISA antibody
titers >10,000. Sixty-eight percent chickens investigated
had HI antibody titers �log2 5, which is above the
protective threshold against velogenic NDV. Fifteen
percent chickens had �log2 12 HI antibody titers to NDV.

Seropositive cases of AIV, EDS’76V, IBV and RV were due
to natural infection because vaccination against these
viruses had never been practiced in smallholders’ chickens
in Bangladesh. Only three of these viruses were assessed in
the first and second phases, because of limited biologics.

Since 22 March 2007 Bangladesh has been declared a
highly pathogenic avian influenza (HPAI) A virus (subtype
H5N1) affected country (Biswas et al., 2007a). By 10 July
2007, 52 outbreaks of HPAI were recorded—20 of them in
smallholder flocks (Biswas et al., 2007a). Alam et al. (2003)
n influenza virus (AIV), egg drop syndrome ’76 virus (EDS’76V), infectious

lence n/% (95% CI) Flock prevalence n/% (95% CI)

a 34/23 (16, 30)b

6/6 (1, 11)

)c 204/79 (74, 84)d

) 253/89 (85, 93)

) 55/56 (46, 65)

ust 2005–March 2006, CI = Confidence interval.
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revealed that about 23% village chickens in Bangladesh
were seropositive to AIV, in agreement with the present
study; the present study further shows that 23% (34/147)
of smallholders’ flocks were seropositive to AIV. A
limitation of the present study is that ELISA-positive cases
of AIV should have been confirmed by additional serologic
testing—preferably agar gel precipitation test (AGPT). This
could not be done because of lack of resources. Despite this
the two serologic studies conducted before the first
outbreak of HPAI generate evidence that smallholders’
chickens in Bangladesh might have been harboring some
subtypes of influenza A viruses in or before 2003.

Newcastle disease (ND) was one of the major diseases
of the study populations (Biswas et al., 2005, 2006, 2007b).
Clinically, ND is almost indistinguishable from HPAI
(Alexander, 1997; Easterday et al., 1997). Because in
Bangladesh there was little laboratory diagnostic support
to differentiate the two diseases, the possibility of
misdiagnosing HPAI as ND could not be ruled out.
However, Bangladesh has two ND vaccines: one produced
from the M, and the other from the F strain of NDV.
Smallholders can get their chickens vaccinated at sub-
sidized cost through poultry health workers (PHWs)
enrolled in the village poultry-production chain. Despite
this opportunity only 36 and 27% smallholders in the first
and second phases of the present study, respectively, had
reportedly vaccinated against the disease.

When NDV infects chickens, antibody titers rise within
6–10 days and subsequently diminish slowly (Alexander,
1997) to zero. Velogenic strains usually elicit a higher titer
than mesogenic and lentogenic strains (Alexander et al.,
2004; Alexander, 1997). In non-vaccinated chickens, HI
titers specific to NDV can be taken as a sign of previous
infection, and titers as high as log2 10 found in 215/854
chickens in the present study suggest field exposure to
pathogenic NDV strains (Alexander et al., 2004; Chrysos-
tome et al., 1995). Of the reportedly vaccinated chickens,
79 in the 1st phase and only 6 in the 2nd phase had HI titers
�log2 10. This suggests that these birds could have
survived a challenge with a field strain of NDV.

The seroprevalence of IBV in chickens in our study was
slightly lower (74%) than that of Alam et al. (2003). The
present study however further showed that the flock
seroprevalence could be 79% (204/260). The high seropre-
valence of IBV in both studies reveals that IBV is endemic, if
not epidemic, in smallholders’ chickens in Bangladesh.

To the authors’ knowledge, reports on seroprevalence of
EDS’76V in village chickens anywhere in the world are
scanty or absent, and for the first time in Bangladesh, this
present study shows that its seroprevalence is very low
(3%). To our knowledge the status of EDS’76V in chickens
on commercial farms in Bangladesh has never been
reported; nevertheless, vaccines against EDS are used in
commercial flocks. Although a high seroprevalence (47%)
of RV was found in the present study the importance of RV
in smallholders’ chickens remains questionable.

The present study fails to show whether the serum
samples positive for AIV had antibodies to H5N1 subtype of
influenza A virus, the virus isolated from the 52 outbreaks
of HPAI on commercial and smallholders’ chickens in
Bangladesh (Biswas et al., 2007a). The serum samples
preserved from our study might be an important resource
to back-trace the origin of H5N1 in backyard chickens in
Bangladesh. About 25% of village chickens might have
survived infection with velogenic strain of NDV. Based on
the results of this study we recommend vaccination
against IB for smallholders’ chickens in Bangladesh.
Because the seroprevalence of EDS’76V is 3%, it seems
that the cost of vaccine against EDS might not be
justifiable, weighed against the economic return.

4. Conclusion

In smallholders’ chickens in Bangladesh, 20% were
seropositive to AIV, 3% to EDS’76V, 74% to IBV, 88% to NDV,
and 47% to RV. The seroprevalence in flocks was 23% to AIV,
6% to EDS’76V, 79% to IBV, 89% to NDV and 56% to RV.
Twenty-five percent chickens had �10 log2 HI titers to
NDV.
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