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A B S T R A C T

Avian influenza viruses (AIVs) continue to pose a global threat. Waterfowl are the main reservoir and are
responsible for the spillover of AIVs to other hosts. This studywas conducted as part of routine surveillance
activities in Bangladesh and it reports on the serological and molecular detection of H5N1 AIV subtype. A
total of 2169 cloacal and 2191 oropharyngeal swabs as well as 1725 sera samples were collected from live
birds including duck and chicken in different locations in Bangladesh between the years of 2013 and 2014.
Samples were tested using virus isolation, serological tests and molecular methods of RT-PCR. Influenza A
virusesweredetectedusingreverse transcriptionPCRtargetingthevirusmatrix (M)gene in41/4360(0.94%)
samples includingbothcloacal andoropharyngeal swab samples, 31ofwhichwere subtypedasH5N1using
subtype-specific primers. Twenty-one live H5N1 virus isolates were recovered from those 31 samples.
Screeningof 1,868 blood samples collected fromthe samebirdsusingH5-specificELISA identified545/1603
(34%) positive samples. Disconcertingly, an analysis of 221 serum samples collected from vaccinated layer
chicken in four districts revealed that only 18 samples (8.1%) were seropositive for anti H5 antibodies,
compared to unvaccinated birds (n=105), where 8 samples (7.6%) were seropositive. Our result indicates
that the vaccination program as currently implemented should be reviewed and updated. In addition,
surveillance programs are crucial formonitoring the efficacy of the current poultry vaccinations programs,
and to monitor the circulating AIV strains and emergence of AIV subtypes in Bangladesh.

 2016 Published by Elsevier B.V.

Abbreviations: AIVs, avian influenza viruses; C, Cloacal; NDV, Newcastle diseases virus; ECE, embryonating chicken egg; HA, hemagglutinin, hemagglutination; HPAI,
highly pathogenic avian influenza; IAVs, Influenza A viruses; LBM, live birdmarkets; LPAI, low pathogenic avian influenza; NA, neuraminidase; OP, oropharyngeal; OIE, Office
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1. Introduction

Avian influenza (AI) is responsible for several epizootics and
poses a continuous worldwide threat to agricultural biosecurity
and public health since the 1996–1997 emergence of H5N1 avian
influenza virus (HPAIV) in Hong Kong (Dudley, 2008). Originally
circulating in poultry in Asia, the virus has spread to more than 60
countries in Africa, Europe, Middle East, and the United States (Ip
et al., 2015). Infections with avian influenza viruses (AIVs) are
notifiable “Listed-diseases” per the Office International des
Epizooties (OIE) (Ducatez et al., 2006), and the viruses are
categorized into two pathotypes based on their virulence in
chickens: the “highly pathogenic” avian influenza (HPAI) and the
“low pathogenic” avian influenza (LPAI) (Swayne et al., 2003). AIVs
are further classified into different subtypes on the basis of
antigenic differences in hemagglutinin (HA) and neuraminidase
(NA), two viral surface glycoproteins. HPAI causes routinewaves of
high mortality in susceptible poultry and human cases have also
been reported in individuals with direct contact with infected
poultry. As of [210_TD$DIFF]July 2016, the mortality rate of HPAI viruses in
humanswas reported to be [188_TD$DIFF]52.69% (450 deaths out of 854 reported
cases) (World Health Organization, 2016b).

Bangladesh is one of themost densely populated countries in the
world, both for human (1072 people/km2) and poultry populations
(1194birds/km2)(DirectorateGeneralofHealthServicesBangladesh,
2016; Bangladesh Bureau of Statistics, 2011; TheWorld Bank, 2013),
with [189_TD$DIFF]eight confirmedHPAIV cases including one fatality reported to [190_TD$DIFF]

the date of this publication (19 July 2016) (World Health Organiza-
tion, 2016[191_TD$DIFF]a). According to the OIE and the United Nations Food and
Agriculture Organization (FAO), Bangladesh and its neighboring
countries (Myanmar, Bhutan, Nepal, China, and Indonesia) are
endemic forHPAIV (FoodandAgricultureOrganizationof theUnited
Nations, 2016). This is a major public health concern and since the
poultry industry in an agriculture-based economy like Bangladesh
comprises 20% of the livestock sector, the continuous culling of an
estimated more than 250 million infected animals (Rushton et al.,
2004) iscausingan increase in foodinsecurity (Chan,2002)aswellas
affecting economic growth (Omar et al., 2014). Low and highly
pathogenic avian influenza A virus subtypes including highly
pathogenic H5N1 avian influenza virus subtype among waterfowl,
pet birds, and poultrywere reported fromBangladesh (Ahmed et al.,
2012; Biswas et al., 2015; Biswas et al., 2008; Gerloff et al., 2016;
Haider et al., 2015).

The epidemiology of avian influenza is a complex phenomenon.
Live bird markets (LBM) are man-made reservoirs of AIVs, as
backyard chickens and ducks play a significant role in the
epidemiology and transmission of these viruses (Paul et al.,
2011; Negovetich et al., 2011). The recent human infections with
avian-origin H7N9 and H10N8 AIVs in China highlight the
importance and role of domestic ducks as intermediary mixing
vessels for various AIVs subtypes and transmitting them to
chickens and humans (Ma et al., 2015). Cross-species infection
of AIV occurs sporadically between birds (class Aves) andmammals
(class Mammalia), including swine, horses, mink, marine mam-
mals, and humans (Webster, 1992). Aquatic birds of the orders
Anseriformes (dabbling ducks, geese), Charadriformes and Procel-
lariiformes (shorebirds, gulls, seabirds) are natural reservoirs of
AIVs (Stallknecht, 2003) as AIVs replicate predominantly in the
epithelial lining of their intestinal tract and are shedwith feces into
the water (Slemons and Easterday, 1978). Since they are migratory,
this is likely to provide an important route in the spread of AIVs
through fecal-oral transmission.

The potential transmission of AI to humans reinforces the need
for continuousmonitoring programs for the containment of AIVs in
waterfowl and poultry (Garten et al., 2009) and is essential for the
early detection of emerging viruses, understanding their ecology,

tracking the circulating strains, monitoring the dynamics of
infection and, ultimately, controlling the disease (Munster et al.,
2006). To date, 16 HA and 9 NA subtypes have been detected in and
isolated fromwild birds (ducks, geese, and shorebirds) (Kim et al.,
2009), while two additional subtypes, H17 and H18, have been
isolated from bat populations in South America (Tong et al., 2012;
Tong et al., 2013).

Diagnosis of AI in animal populations is based on the use of both
molecular and virus isolation (VI) techniques (El Zowalaty et al.,
2013 [211_TD$DIFF]); the former can detect both infectious and noninfectious viral
particles, [228_TD$DIFF]while the later candetectonly infectious live viral particles
in the sample. Both techniques are widely utilized for AIV
surveillance programs (Shan et al., 2003). Conventional RT-PCR is
not ideal if large numbers of samples need to be analyzed, since
cross contamination can easily occur and must be minimized
through good laboratory practice, compartmentalization of the PCR
process and unidirectional flow of samples during analysis. In
contrast, qRRT-PCR analysis does not require gel electrophoresis for
amplicon detection, which makes the screening of influenza
circulating in waterfowl at large scale easy and feasible (Agüero
et al., 2007). However, whilst RT-PCR-based detection methods of
AIV may be appropriate for the detection of current strains
circulating in a particular species (Fouchier et al., 2000), the genetic
heterogeneity of AIVs leads to a considerablenumberofmismatches
with the PCR primers and potential for false negative results
(Fouchier et al., 2000). Hence, virus isolation (VI) in embryonating
specific pathogen free (SPF) chicken eggs remains the gold standard
method for the detection and isolation of AIV andNewcastle disease
virus (NDV) (El Zowalaty et al., 2011a; El Zowalaty et al., 2011b) and
is used for virus characterization to provide up-to-date antigenic
information for the production of preventative vaccines (El
Zowalaty et al., 2013; Shan et al., 2003; Krauss et al., 2012; Ollier
et al., 2004; Salgado et al., 2002; Simpsonet al., 2003).However, VI is
more laborious, costly, and requires highly skilled personnel ([192_TD$DIFF]El
Zowalaty et al., 2011b; Spackman, 2012). Hence it is important to
balance the sensitivity, specificity, feasibility, rapidity, and costs of
these techniqueswhen choosing themethodmost appropriate for a
given situation. Indeed, making use of both approaches in parallel is
recommended as such an approach results in the most compre-
hensive representation of circulating AIVs subtypes (Cardona et al.,
2009). The dynamics and transmission of AIVs in asymptomatic
infected wild migratory birds is complex and is not yet fully
understood. There are few data on the surveillance of avian
influenza viruses in poultry in Bangladesh Consequently, in the
present study, we reported the updated prevalence of H5N1 in
poultry and results of routine surveillance of avian influenza in
Bangladesh conducted by serological and molecular methods using
RT-PCR, virus isolation, and serological analysis for the ongoing
surveillance of H5N1 AIVs in different locations in Bangladesh.

2. Materials and Methods

2.1. Ethical Statement

All experimental and animal procedures were undertaken to
ensure animal health and well-being throughout the study via
enlisting three licensed veterinarians from the sampling districts
to collect sera and swabs from the birds. Additionally, the study
was approved by and in accordance with the requirements the
Institutional Animal Care and Use Committee (IACUC) at the
Bangladesh Agricultural University. Permissions to conduct the
study and collect samples were obtained from the Bangladesh
Department of Livestock Services (DLS), Krishi Khamar Sarak,
Farmgate, Dhaka-1215, and from farm owners and household to
conduct study onsite.
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2.2. Location

Samples were collected from four geographically diverse sites
in Bangladesh through a 17-month period from June 2013 to
October 2014: Sample sites were limited to four different
geographical administrative areas including A) Netrokona
[24�880N 90�730E], B) Kishoreganj [24�43330N 90�78330E], C)
Sherpur [25.00�N 90.00�E], and D) Rajshahi [24�220N 88�360E],
as illustrated in Fig. 1. Sites A and C are located near the Himalayan
border in the northern part of Bangladesh, site B in the Dhaka
division in the central region, while site D is located in the western
part of Bangladesh. Each of the four sites is situated in different
administrative areas of Bangladesh, with sites A, B, and C located in
administrative areas bordering India. Capture locations were
randomly selected farms, wet markets, and backyards from birds
including commercial broiler, layer, native chicken, and ducks.

2.3. Field sampling procedures

Cloacal (C) (n = 2169) and oropharyngeal (OP) (n = 2191) swabs
as well as blood samples (n = 1725) were collected. Live birds were
sampled at sites in four different areas of Bangladesh (Kishorgonj,
Netrokona, Rajshahi, and Sherpur) in 2013 and 2014 as was
detailed in other studies (Belák, 2009; Dusek et al., 2009). Samples
were kept in uninterrupted cold chain and shipped to the

laboratory within 24h of collection, where they were kept at
� 80 �C until further processing. As the samples were collected
during routine surveillance activities, the surveillance activities
varied in their sampling coverage for different areas: around 70% of
samples were collected from sites in Netrokona district: 1493/
2169C, 1507/2191 OP, and 1172/1725 sera, with most Netrokona
district samples collected during the second routine surveillance.
Additional information about the samples collected by the
different surveillance effort in each of the locations is shown in
Table 1. Resources for surveillance activities, including testing kits,
were limited and C andOP sampleswere pooled for each individual
bird before testing for AI to reduce costs (Table 2).

2.4. Virus isolation in embryonating chicken eggs

For each bird, two samples (C and OP) were pooled in the
laboratory and tested using a VI technique. VI was conducted using
inoculation in 11-day-old specific pathogen free (SPF) embryonat-
ing chicken eggs (ECEs). Allantoic fluid was then tested for the
presence of heamagglutinating viruses and HA positive samples
were tested for AIV using conventional H5 and H7-specific RT-PCR
(World Health Organization, 2007). AIV antigen positive field
samples were tested for the presence of live virus. Virus isolation
(VI) was conducted as was described previously (El Zowalaty et al.,
2011a). Allantoic fluid was collected from the inoculated eggs 96h

[(Fig._1)TD$FIG]

Fig. 1. Administrative divisions of Bangladesh showing sample locations.
Reproduced from the World Factbook. Available at the CIA website https://www.cia.gov/library/publications/the-world-factbook/index.html. (accessed 15 August 2015).
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post-inoculation and tested for the presence of virus by
hemagglutination. Chicken RBCs suspension (1%) were prepared
in sterile phosphate buffered saline and stored at 4 �C for use in
slide and microtiter plate HA tests as was described previously
(Hirst, 1941).

2.5. Rapid AIV antigen test

Cloacal and oropharyngeal samples were initially screened
using AIV antigen detection test kits (Bionote, Korea) according to
the manufacturers’ instructions.

2.6. Viral RNA extraction, molecular detection and subtyping of AIV
isolates

AIV positive allantoic fluid samples were subjected to total RNA
extraction using the SV Total RNA Isolation System (Promega, WI,
USA) according to the manufacturers’ instructions as described
previously (El Zowalaty et al., 2011a). RNA was eluted from the
membrane using 100ml nuclease-free water by centrifugation at
12,000� g and the eluted RNA was quantified using Nanodrop to
determine its quality. The purified RNA was free of protein,
nucleases, and other contaminants and inhibitors. Purity was
determined by calculating the ratio of corrected absorbance at
260nm to corrected absorbance at 280nm; i.e., (A260–A320)/(A280–
A320). Pure RNA had an A260/A280 ratio of 1.7–1.9. RNA was kept at
� 80 �C until used as template during RT-PCR reaction.

To screen for the presence of AIVs, pooled C and OP samples as
well as individual C and OP samples were tested using
conventional RT-PCR assay targeting the viral M gene as described
previously (El Zowalaty et al., 2011a; World Health Organization,
2007). Briefly, RNA was extracted from these samples (using
commercial RNA extraction kit (Qiagen, USA) and RNA was
subjected to RT-PCR (Promega, USA). Viral RNA extracted from
an avian influenza vaccine strain (Fnf Pharmaceuticals,
Bangladesh) was used as a positive control.

M gene positive samples were subtyped using H5, H7, N1, and
N9 gene-specific one-step RT-PCR tests as described previously
(World Health Organization, 2007; Hoffmann et al., 2001). HA and
N genes PCR products were purified using SV Minicolumn
(Promega, Madison, USA) and purified gene fragments were
submitted for sequencing using an Applied BioSystem 9700
sequencing facility located in the International Centre for Diarrheal
Disease Research, Bangladesh. DNA sequencing was performed in
both directions using the same mixture of primers as was used in
the amplification as previously described. The sequence data were
aligned with the existing influenza database using the National
library of Medicine BLAST search tool available online at (www.
ncbi.nlm.nih.gov) to determine the corresponding AIV subtype (El
Zowalaty et al., 2011a).

2.7. Serological analysis

Chicken sera were analyzed for the presence of AIV antibodies
using ELISA kit (BioChek, UK) and duck sera were screened using
commercial available competitive ELISA (H5 AIV Ab ELISA AniGen
ELISA1, BioNote, Suwon, Korea). The ELISA procedure was
performed according to manufacturers’ instructions as described
previously (Kang et al., 2015).

2.8. Statistical analysis

The Prism V6.01 statistical software (GraphPad, San Diego, CA,
USA) and the x2-test or Fisher's exact test were used for statistical
analysis.

3. Results and Discussion

Pooled, individual C, and OP samples were confirmed to be
influenza A using M gene-directed RT-PCR assays and positive
samples were subtyped as H5N1 using subtype-specific RT-PCR. As
shown in Table 2, pooled (C +OP) samples (n = 2,133), a single

Table 1
Field cloacal and oropharyngeal samples collected from different districts in Bangladesh.

Type of sample collected District

Surveillance
Project

Kishorgonj
n (%)

Netrokona
n (%)

Rajshahi
n (%)

Sherpur
n (%)

Cloacal (C) A 320 (78) 223 (14.9) 0 86 (48.9)
B 90 (22) 90 (6) 90 (100.) 90 (51.1)
C 0 1180 (79) 0 0
District total (n) 410 1493 90 176

Oropharyngeal (OP) A 328 (78.5) 237 (15.7) 0 86 (48.9)
B 90 (21.5) 90 (6.0%) 90 (100) 90 (51.1)
C 0 1180 (78.3) 0 0
District total (n) 418 1507 90 176

Table 2
Number of pooled and individual C and OP samples collected from different districts in Bangladesh.

District Type of Samples

Cloacal Oropharyngeal Pooled samples

collected Discarded (low quality)a collected Discarded (low quality)a C +OP C only OP only Total tested (C +OP) + C +OP

Kishorgonj 410 8 418 13 402 0 3 405
Netrokona 1493 8 1507 7 1485 0 15 1500
Sherpur 176 19 176 20 156 1 0 157
Rajshahi 90 0 90 0 90 0 0 90
Total 2169 35 2191 40 2133 1 18 2152

a Samples that did not contain enough sample volume were classified as low quality samples and were discarded.
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cloacal sample, and OP (n = 18) samples were tested. Some samples
(n = 35C and n=40 OP) did not have enough sample in some tubes
to test the sample and samples were classified as low quality and
were discarded. Low quality sera samples were rejected because
the samples were not clear sera and contained red blood cells. RT-
PCR assays are described as less sensitive than VI techniques, the
gold standard method for the detection of AIVs (El Zowalaty et al.,
2011b). In the present surveillance activity, 1.9% (41/2152) of the
total pooled, C, and OP samples were tested positive by M gene-
directed RT-PCR (Table 3). Of the 41 AIV-RT-PCR positive samples,
only 31 samples had adequate sample volume. These 31 samples
were subjected to virus isolation in ECEs and subtyping using RT-
PCR H5 and N1 primers. All of these 31 samples were found to be
H5N1 RT-PCR positive (Table 3). However, only 21 live H5N1
isolates were recovered by VI in ECEs as confirmed by hemagglu-
tination. This could be due to (i) poor sample quality (ii) presence
of low virus titers in the original samples, (iii) the limited
susceptibility of target cells (MDCK and chicken embryo cells), as
previous studies have shown that not all cells are permissive to
IAVs and many IAVs in avian samples could not be isolated in
mammalian cell cultures or ECEs (Krauss et al., 2012; Hirst, 1941;
Hoffmann et al., 2001), and (iv) AIV subtypes other than H5N1
could exist in the samples, as has been reported in other studies
(Haider et al., 2015; Hirst, 1941; Hoffmann et al., 2001). Details of
the M gene and H5N1 RT-PCR test results are shown for each
district in Table 3. Results of serological testing of avian sera
collected in Netrokona district using AIV H5 antibody ELISA
revealed that 447/1050 (42.6%) serum samples were found to be
positive to H5 specific antibodies (Table 4,Table 5). In contrast,
samples from Rajshahi and Sherpur districts were found to have a
low proportion of H5 AIV positive samples (14.4% and 22.3%,
respectively).

Netrokona district is one of the most duck populated area and
our results are consistent with the hypothesis that ducks may play
a major role as potential reservoir of H5N1AIVs where our findings
showed that 42.6% (n = 447 out of 1050 duck samples) were found
to be positive for H5 antibodies as shown in tale 5, hence duck are
responsible for spreading the virus among other species. The
existence of lakes and wetlands in the Netrokona area, where
migratory waterfowl are grazing near to domestic birds, would
facilitate the maintenance and transmission of AIVs from water-
fowl into poultry and domestic duck populations. It cannot be
excluded, however, that the differences could be a result of a
relatively low sample size in these areas in combination with
clustered sampling. The extent of the clustering has not been fully
established in this study, as we described data reported from
samples taken during routine surveillance activities and their
approximate locations, and GIS mapping was not within the scope
of the activities.

Chicken sera were also screened for anti-influenza antibodies
other than anti H5 Abs since H5N1 is usually lethal to poultry,
while anti-H5 Abs ELISA test was used to detect antibodies in duck
sera since duck act as carrier or reservoir of H5N1 AIVs. The ELISA

test results revealed that a large proportion of ducks was
seropositive for AIV antibodies, which confirms that these ducks
may provide an important reservoir for the circulating AIVs. These
ELISA test results were in agreement with previous findings
(Khatun et al., 2013; Nooruddin et al., 2006). Interestingly, the
proportion of AIV positive by RT-PCR in C and OP samples in
different districts did not reflect the results from the sera samples.
For instance, the district with the highest proportion of sera
positive samples, Netrokona (42.6%) (Table 5), exhibited the lowest
(1.7%) proportion of AIV RT-PCR positive results with the C and OP
samples (Table 3). This is to be expected as birds with antibodies
would be shedding less-either because they have seroconverted
and are not shedding as much anymore or because they have been
infected in the past, exposed to AIV which acted as a boost vaccine
and therefore, are not as easily re-infected again.

The finding that samples from Rajshahi (5.6%) district showed
the highest proportion of H5N1 RT-PCR positive results may be
explained in part by the fact that there is long and porous border
with India. These borders are not regularlymonitored,wheremany
birds could be introduced into Bangladesh illegally through black
markets (disambiguation), posing a major threat in the introduc-
tion of AIVs including the HPAIV. It may be explained that this
population is more secluded with a higher turn over rate. That is at
any time in this area the birds have not been exposed to AIV to have
a Ab titer and therefore when they are infected, they tend to shed
more virus. The occurrence of avian influenza in other districtsmay
be explained by additional factors including contact with the
affected birds, transportation of contaminated poultry and poultry
products from other regions, and the compromised biosecurity
measures during handling of birds and poultry in the country.
Inappropriate poultry handling practices complicate the control of
avian influenza, particularly of the H5N1 AIV subtype.

As shown in Figs. 2 and 3, for duck samples, (n = 180), 12, 15,100
and 3 samples were found positive using rapid AIV Ag test, HA,
ELISA, and H5N1-based RT-PCR, respectively. The results revealed
that samples collected fromNetrokona district showed the highest
number of positive samples. Among the chicken samples (n = 180),
broiler chickens (n = 60) returned the fewest positive results, with
5, 9, 3 and 1 samples positive using rapid AIV Ag test, HA, ELISA,
and H5N1-based RT-PCR, respectively. In contrast, 14, 19, 8 and 10-
layer chicken samples (n =60) were positive using AIV Ag test, HA,
ELISA, and H5N1-based RT-PCR, respectively. Backyard chicken
samples (n = 60) revealed an intermediate level of AIV positivity,
with 12, 17, 4 and 5 samples testing positive using AIV Ag test, HA,
ELISA, and H5N1-based RT-PCR, respectively. Again chicken
samples collected from Netrokona district showed the highest
number of positive samples.

As shown in Fig. 3, therewas no significant association (x2-test,
p value<0.05) between the percentage of positive samples
detected by different methods and locations. As shown in
Fig. 3B, for duck samples (n = 180), it was found that 6.67%
(n =12), 8.33 (n = 15), 55.55% (100), and 1.67% (n =3) samples were
positive using rapid AIV Ag test, HA, ELISA, and H5N1-based

Table 3
Matrix and H5N1 specific RT-PCR results of C and OP samples collected from different districts in Bangladesh.

District Total pooled C+OP samples
n

M gene positive pooled samples
n (%)

Number of H5N1 AIV positive samples
n

Kishorgonj 405 8 (2.0) 5
Netrokona 1500 25 (1.7) 23
Sherpur 157 3 (1.9) 1
Rajshahi 90 5 (5.6) 2
All districts combined 2152 41 (1.9) 31
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RT-PCR (x2-test, p value > 0.0001, significant association between
the prevalence rate of AIV detected by different methods and
species (ducks and chicken) and location of sampling).

Although standard operating methods for sampling were
established, it is also possible that methodological variations
between different teams operating in different areas could account
for regional differences. Finally, spatial data were also confounded
by a temporal element as samples were taken at different times of

year. Analysis of monthly data showed that the seasonal pattern
and influenza activity were highest in winter season from
November to February during 2013 and 2104 as shown in Fig. 4.
This pattern is similar to results of previous studies which reported
the high occurrence of H5N1 AIVs in winter months in Southeast
Asia (Park andGlass, 2007; Saha et al., 2014). Thismay be explained
by the existence ofmigratorywaterfowl birds in Bangladesh during
this time periodwhich play an active role in virus transmission and

Table 4
AIV serum samples collected from domestic poultry in Bangladesh.

Type of sample collected Surveillance project District

Kishorgonj
n (%)

Netrokona
n (%)

Rajshahi
n (%)

Sherpur
n (%)

Blood sera A 270 (75.0) 43 (3.7) 0 13 (12.6)
B 90 (25.0) 90 (7.7) 90 (100) 90 (87.4)
C 0 1039 (88.7) 0 0
District total (n) 360 1172 90 103

Table 5
Serological screening results of AIV serum samples in domestic poultry from Bangladesh.

Type of serum samples Kishorgonj
n (%)

Netrokona
n (%)

Rajshahi
n (%)

Sherpur
n (%)

District total
n (%)

Collected 360 1172 90 103 1725
Tested 360 1050a 90 103 1603
H5 Ab positive 62(17.2) 447(42.6) 13(14.4) 23(22.3) 545(34)

a It was not possible to test an additional 122 additional samples collected in Netrokona district due to a shortage in test kits supply.

[(Fig._2)TD$FIG]

Fig. 2. Diagnostic test results of samples (n = 360) collected from four different locations between November 2013 and October, 2014.
Geographical distribution of (A) RTK, (B) HA, (C) ELISA, and (D) H5 RT-PCR test results of swab samples of chickens and ducks.
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[(Fig._3)TD$FIG]

Fig. 3. Virological test results for the detection of H5N1 AIV in chicken (CK) and duck samples (n = 360) from four different locations between November 2013 and October
2014.

[(Fig._4)TD$FIG]

Fig. 4. AIV test results of (A) duck (n= 180) and (B) chicken (n= 180) samples collected from Bangladesh between November 2013 and October, 2014.
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shedding into other domestic avian hosts. The dynamics and
transmission of AIVs in asymptomatic infected wild migratory
birds are complex and are not yet fully understood. In winter time,
open water ponds in Bangladesh are shared by large numbers of
migratory waterfowls and domestic semi-scavenging ducks. As a
result, domestic ducks may get infected with AIVs from migratory
waterfowls and subsequently act as a natural reservoir of AIVs and
play a potential role in virus shedding without showing clinical
disease. In the present study during May to June period, few AIVs
were detected using molecular methods of RT-PCR which
suggested that rainfall and humidity among other climatic factors
are associated with the reported H5N1 outbreaks in Bangladesh.

The present results accounted for a relatively higher percentage
of H5N1 AIVs than previously reported from Bangladesh (Nego-
vetich et al., 2011), suggesting a potentially increasing prevalence
and progression of circulating H5N1 AIVs in commercial, backyard
chicken and duck flocks. This seems credible given that other
studies have reported the existence of poor vaccination and
biosecurity practices in backyard farms and the rearing domestic
ducks in wetlands. Together these practices allow the mixing of
different AIV subtypes between native domestic poultry, ducks,
and wild migratory birds (Biswas et al., 2008; Barua and
Yoshimura, 1997; Newman et al., 2012).

In the present study, the H7N9 AIV subtype could not be
detected using conventional RT-PCR. Low pathogenicity H7
subtypes among other influenza subtypes including H1, H3, H9,
and H10 have however, been detected from LBMs in other studies
(Negovetich et al., 2011; Shi et al., 2013). Mixed infections of
different AIVs subtypes have also been reported from migratory
waterfowl avian samples (El Zowalaty et al., 2011a; El Zowalaty
et al., 2011b). The differences between the present study and other
reports in the numbers and subtypes detected could be partially
explained by the continuous dynamics of the circulation of AI in

poultry which necessitate the continuous ongoing monitoring as
well as the difference in the detection method applied. This
highlights the importance of continuous surveillance programs in
poultry and migratory waterfowls to monitor circulating strains:
an early warning of emergent strains could facilitate the
implementation of control measures that could prevent the
introduction of AI infections into human populations.

Differences in the detection of AIV by RT-PCR and VI are
probably explained in part by what the assay is detecting. VI can
detect only viable virus, and virus that has been inactivated during
shipping or by disinfectants will not be detected, whereas those
latter viruses can be potentially detected by RT-PCR. In addition, all
influenza viruses may not readily adapt to growth to detectable
titers in embryonating chicken eggs. The differences in viral
cellular tropism between IAVs accounts for the unavailability of a
single cell type for virus isolation (Fouchier et al., 2000). This
explains why few samples (n = 10) in the present study were found
to be matrix gene RT-PCR positive while VI-negative, which was
similar to previous findings (Spackman et al., 2002). Although virus
isolation in specific pathogen free (SPF), commercial eggs, or
specific antibody negative (SAN) embryonating chicken eggs is a
sensitive method, it may take up to 2 weeks to obtain results,
require highly trained personnel, and a supply of ECEs (Fouchier
et al., 2000; El Zowalaty et al., 2011b).

In the present study, 221 serum samples out of 326 serum
samples that were collected in April 2014 from three districts of
the greater Mymensingh area (Netrokona, Sherpur and Kishor-
gonj) were sampled from vaccinated layer chicken aged 22-40
weeks and sera were collected 1 month after vaccination. The
results of ELISA assay for anti-H5 Abs of these 221 samples
revealed that only 18 serum samples (8.1%) were found to be
positive for anti-H5 Abs as compared to unvaccinated birds
(n = 105), where only 8 samples (7.61%) were seropositive.

Table 6
Comparison of the different viral diagnostic test results for the detection of H5N1 AIV in chicken (CK) and duck samples between November 2013 and October 2014.

Samples location Type of birdsa Number of samples positive

Rapid AIV antigen Test HAb H5 Ab ELISA H5Nc RT-PCR

Rajshahi Duck
Broiler
Layer
Backyard CK

1
2
1
3

3
4
1
4

10
1
1
1

0
0
1
1

Netrokona Duck
Broiler
Layer
Backyard CK

5
1
9
7

6
2
11
10

37
0
4
3

2
0
4
3

Kishorganj Duck
Broiler
Layer
Backyard CK

4
1
4
2

4
1
5
3

32
1
2
1

1
1
0
0

Sherpur Duck
Broiler
Layer
Backyard CK

2
1
0
0

2
2
2
0

21
1
1
0

0
0
1
0

Duck
CK

12 (6.7)
31 (17.2)

15 (8.3)
45 (25)

100 (55.6)
16 (8.9)d

3 (1.7)
11 (6.1)

Total positive 43 (11.9) 60 (16.7) 116 (32.2) 14 (3.9)

Geographical distribution of (A) RTK, (B) HA, (C) ELISA, and (D) H5 RT-PCR test results of swab samples of chickens and ducks.
a Number of duck samples (n =180) and number of chicken samples (n = 180; broiler, layer, and backyard, each is 60 samples).
b Hemagglutination results after egg inoculation of samples were tested only for AIV. Other hemagglutinating agents were not shown in the present study, however these

samples are being tested for other hemagglutinating agents.
c Number of H5N1 AIV samples that could be subtyped using specific H5 and N1 primers.
d These samples were positive only for avian influenza antibodies using ELISA kit (BioChek, UK).
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Although this result could potentially indicate a vaccine strain
mismatch, or that the currently applied vaccine for these birds
should be revised and updated, it could be indicative of a
spatiotemporally clustered sampling strategy in combination
with a small sample size. This may have an adverse impact
because long term circulation and persistence of AI viruses in
vaccinated population may result in both antigenic and genetic
viral changes (Grund et al., 2011). The seropositivity of
unvaccinated birds (7.6%) reflects the occurrence of natural
infection which may be due to the contact of these birds with
migratory waterfowl or other potential sources of LPAIVs.
Household ducks are reared on the same premises and are often
in close contact with other hosts including poultry, livestock, and
humans in the same property. Wild and domestic ducks are
potential carriers of AIV subtypes and play a major role in the
introduction of AIVs into other hosts including humans, poultry,
andmammalian hosts (Chen et al., 2005). Bangladesh is located in
the region of East Asiawhere a major migration and breeding area
for waterfowl in the Central Asian Flyway, an area extending from
India, Bangladesh and Myanmar in the south to Siberia in the
north. These native birds are important source for the transmis-
sion of AIVs among other farm birds. Both small scale commercial
poultry farms with compromised and minimal biosecurity
measures and household village chicken arewidespread through-
out Bangladesh (Khatun et al., 2013). Layer chickens transmit AIVs
to humans via eggs and broilers through meat consumption.
Domestic duck populations in Bangladesh are semi-scavenging
and free-grazing and they become infected from synchronized
wild migratory birds. Thus, domestic ducks play the most
significant role in risk amplification of AIVs circulation and
facilitate the transmission of AIVs between wild and domestic
naive bird populations. This could be drawn from the results of
the present study (Table 6), where the prevalence of anti-H5
antibodies among duck serum samples accounted for 55.5% as
compared to 8.9% in chicken samples out of the 360 samples
collected between November 2013 and October, 2014 from four
different locations (Rajshahi, Netrokona, Sherpur and Kishor-
egonj). The seroprevalence and molecular detection rates in duck
samples were 55.6% and 1.7% as compared to the detection rates
in chicken samples which were found to be 8.9% and 6.1%. In the
present study, we have detected H5 antibody only in duck sera
using a commercial available competitive ELISA (H5 AIV Ab ELISA
AniGen ELISA1,BioNote, Suwon, Korea). We isolated live H5N1
virus from those antibody positive birds (duck). In case of chicken
sera, we detected avian influenza antibodies using a different
ELISA kit (BioChek, UK). In the present study, all H5 specific RT-
PCR positive duck samples were positive for H5 Ab ELISA.We have
isolated H5N1 virus from dead bird (chicken) and collection of
serum sample was not possible and only swab samples were
collected and tested.

The findings of the present study showed that 34% (n = 545 out
of 1,603) of duck samples were positive for H5 antibody and more
than 50% (55.6%) of 180 duck samples were tested positive for
H5N1 antibodies as shown in Tables 5 and 6, hence this explains
why duck populations act mainly as dynamic reservoir and carrier
of H5N1 AIVs, and also play a major role in the transmission of
H5N1 viruses into other species including poultry. Further studies
to determine the co infection of these samples with other viruses
including but not limited to NDV using next generation sequencing
are being conducted on these AIV positive samples to explore
further details of epidemiological importance.

4. Conclusions

There are few recent data about AIV surveillance in Bangladesh.
We have investigated the prevalence of AIVs including highly

pathogenic H5N1 in poultry and duck in Bangladesh. Molecular
detection methods and serological surveillance in Bangladesh
shows evidence of presence of H5N1 influenza viruses among live
domestic poultry and ducks and that ducks play a major role in the
transmission of AIV to domestic poultry. The high prevalence of
H5N1 influenza viruses in backyard poultry and LBM suggests that
there is an urgent need to enhance surveillance program to insure
the proper implementation of pandemic preparedness plans in the
future. In addition, the finding that there is no difference in anti H5
seropositivity between vaccinated (8.1%) and unvaccinated chick-
ens (7.61%) indicates a failure of the vaccination program and calls
for the use of updated poultry vaccines. Several factors such as the
vaccination scheme applied in Bangladesh poultry, the number of
vaccination interventions, vaccines used and licensed (vaccine
content and type), and age of birds at vaccinations are required to
be addressed. Public health education, the application of strict
biosecurity protocols, and proper hygienic practices by all
personnel dealing with poultry are important preventive steps
and well help mitigate the possible endemicity, reduce the spread
and occurrence of seasonal epidemics due to AIVs in Bangladesh as
well as in other areas where infection is endemic. Further studies
are required to provide a clearer picture on the possible sources of
these viruses including a national surveillance among wildlife and
migratory birds. We are currently screening the samples collected
in the present study for other possible existing AIVs subtypes as
well as Newcastle disease virus (NDV) to better understand the
epidemiology and dynamics of viral transmission and to help
provide valuable preventive and control measures to control the
spread of AIV subtypes as well as NDV among human and animal
populations.
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