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This is our pleasure to let you know that the World Veterinary Poultry Association - Bangladesh Branch (WVPA-BB) will publish WVPA-BB e-Bulletin quarterly to
address critical issues of poultry health and management
and safe poultry production in Bangladesh. We are truly
honored to have been entrusted with the responsibility of
the “Editorial Board”. Welcome to the first issue of the
e-Bulletin, which compiles the papers presented in the
WVPA-BB Webinar on “Introduction, reintroduction
and evolution of avian influenza virus in the Indian Subcontinent”, held on 23 May 2021. Avian Influenza Viruses are the most important viruses that affect poultry with
huge economic impact on the industry and have the zoonotic potentials. The authors provided valuable information on the evolution and control strategies of avian
influenza. We hope you will enjoy reading these articles.
Please do consider volunteering some thoughts on the
critical issues that you are dealing with as a poultry veterinarian. Let us work together with strong professional
commitment and support to the safe poultry production.
Only healthy animals can produce safe foods.
The Editor Board
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The details will be announced
soon at WVPA-BB website

www.wvpa-bb.net
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WVPA-BB Webinar on “Introduction, reintroduction
and evolution of avian influenza virus in the Indian Subcontinent”
held on 23 May 2021

Introduction, reintroduction and evolution of avian influenza virus in
the Indian Subcontinent
Shanmugasundaram Nagarajan, Manoj Kumar and Chakradhar Tosh
ICAR-National Institute of High Security Animal Diseases, Anand Nagar, Bhopal – 462022 Madhya Pradesh, India
Avian influenza viruses (AIVs) are the most important
viruses affecting poultry due to their economic impact on
the poultry industry and zoonotic potential. As per World
Organization for Animal Health (OIE), all the outbreaks of
highly pathogenic avian influenza recorded in poultry,
except a few, have been caused by two subtypes of AIVs viz.
H5 and H7, which are notifiable. No country except Pakistan in the Indian subcontinent has reported outbreaks due to
H7 viruses. Outbreaks due to H7N3 subtype AIV were
reported in Pakistan between 1995 and 2003 [1]. The H5
subtype is reported regularly in many countries of the
subcontinent since the first outbreak of H5N1 virus in India
followed by Pakistan, Afghanistan and Myanmar in that
order between February and March, 2006 [1,2,3], and in
February 2007 in Bangladesh [4]. Since then, multiple introductions of H5N1 viruses have been reported. In October
2016, a new subtype of AIV H5N8 was detected in migra2

tory and captive wild birds in India, and in 2018, H5N6
subtype was detected in live bird markets of Bangladesh.
While Maldives has not reported an outbreak of H5 virus,
one outbreak of H5N2 virus has been reported from Sri
Lanka in 2012. All countries excluding Maldives and
Bhutan have reported H9N2 virus or seropositivity in their
poultry population since its first detection in Pakistan in
1998 and many countries are endemic. Human cases of
H5N1 AIV have been reported from Bangladesh, Nepal and
Pakistan and that of H9N2 viruses have been reported from
Bangladesh, India and Pakistan.
Evolution of H5Nx virus
The H5 avian influenza virus currently circulating in poultry
was first detected in the Guangdong province of China in
1996. The first wave of the infection was controlled through
culling of all poultry in Hong Kong where the virus crossed

the species barrier and transmitted directly from poultry to
humans killing six humans in 1997. The second wave in
2005 led to panzootic outbreaks in more than 60 countries
across Asia, Europe and Africa coinciding with the outbreak
in wild birds in Qinghai Lake, China and bird migration
along the Central Asian flyway. Molecular characterization
indicated that the H5 virus has evolved into multiple clades
and subclades defined based on the differences in the HA
gene and antigenic diversity. The H5N1 virus that caused
the outbreak in South Asia in 2006 belonged to clade 2.2
similar to the virus isolated from wild birds in Qinghai Lake
indicating migratory birds might be the source of introduction [1,2,3]. Outbreaks of the clade 2.2 H5N1 virus were
reported from Bangladesh in 2007 [4], Nepal in 2009 [5]
and Bhutan in 2010 [6]. Nepal reported the first outbreak of
clade 2.3.2.1c in 2010 followed by reports of clade 2.3.2.1a
H5N1 viruses in Bangladesh and India in 2011 [3,7].
Bangladesh also reported the outbreak of clade 2.3.4 H5N1
viruses in 2011 [3]. The H5N8 virus detected in India, Pakistan and Nepal [4,8] and H5N6 virus detected in Bangladesh
belonged to clade 2.3.4.4 [9].
Phylogenetic analysis of the H5N1 clade 2.2 virus that
circulated in the Indian subcontinent indicated multiple
introductions of the virus and regional spread through trade
or migratory birds. This clade circulated from 2006 to 2010
and was replaced by clade 2.3.2.1a virus since its emergence
in 2011. While there are no reports of crow die-off due to
clade 2.2, multiple crow die-offs have been reported in India
and Bangladesh due to H5N1 clade 2.3.2.1a viruses. Similarly, while reassortants with H9N2 or other low pathogenic
AIV have not been reported in the clade 2.2 viruses, the
clade 2.3.2.1a viruses have undergone multiple reassortment
events with the H9N2 viruses co-circulating in poultry and
the low pathogenic AIVs circulating in migratory birds.
Multiple reassortant H5N1 viruses have evolved in India
and Bangladesh with one or three or five internal genes
being contributed by the H9N2 and other low pathogenic
avian influenza viruses [10, 11]. These reassortment events
have occurred independently but there are evidences of their
regional spread. The H5N1 clade 2.3.2.1c reported in India
from November 2014 to March 2015 was a reassortant virus
with PB2 gene from H9N2 virus [12]. This virus has not
been reported since 2015. Currently, penta-reassoratnt
H5N1 clade 2.3.2.1a viruses with NP, NS, PA, PB1 and PB2
genes from H9N2 and other low pathogenic avian influenza
viruses are dominant in the Indian subcontinent [10].
The H5N8 virus reported in India in 2016 belonged to clade
2.3.4.4 genotype B and molecular characterization indicated
that there were two independent introductions into India
most probably due to migratory birds since they coincided
with the winter migration of wild birds and the virus was a
7:1 reassorant of the H5N8 virus detected in Tyva Republic
(Russian Federation) and Uvs-Nuur Lake (Mongolia) [8].
Recently, from December 2020 to March 2021, the H5N8
virus has caused outbreaks in many states of India. Phylogenetic analysis indicated that even though the virus belonged
to clade 2.3.4.4 genotype B, it is closely related to the
recently emerged H5N8 virus isolated from United King-

dom, Netherlands and Denmark. During this period, migratory bird die-off due to H5N1 virus belonging to clade
2.3.4.4 has been reported from Himachal Pradesh State of
India.
The H5N6 virus reported in Bangladesh also belonged to
clade 2.3.4.4 genotype B and was reported to have evolved
through reassortment with wild bird lineages and not directly derived from the H5N6 viruses circulating in other
regions [9].
Evolution of H9N2 virus
The H9N2 virus detected in Pakistan in 1998 was a multiple
reassortant virus with polymerase genes derived from the
H7N3 virus that circulated in Pakistan during that time.
Since then, the virus has been detected in India, Afghanistan, Myanmar, Nepal and Bangladesh. The H9N2 viruses
isolated from Myanmar belonged to BJ94 or G9 lineage and
the rest of the Indian continent are endemic for H9N2 viruses of G1-Western lineage. The phylogenetic analysis of
H9N2 viruses isolated from India since 2003 revealed four
distinct groups and that of Bangladesh revealed a monophyletic cluster with 99% bootstrap value. In Pakistan, these
viruses have evolved into two distinct sublineages A and B
in which sublineage B is dominant [13]. The viruses are
continuously evolving due to endemicity and vaccination
policies practiced in the region.
Conclusions
Since poultry rearing is being encouraged in the Indian
subcontinent as a means to improve rural income and as a
cheap source of protein, the economic and social impact of
outbreaks of avian influenza viruses is huge. The H5Nx
virus is continuously evolving and newly emerging viruses
are introduced in the Indian subcontinent through migratory
birds. Further, the H9N2 viruses contribute the internal
genes for the evolution of novel reassortant H5Nx viruses,
and their co-circulation may lead to the silent spread of the
highly pathogenic avian influenza viruses due to partial
heterologous protection against mortality. Hence, continuous monitoring at the country level and evolving strategies
for co-operation for sharing of expertise and data at the
regional level will go a long way in mitigating the impact of
avian influenza in the Indian subcontinent.
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History and present status of avian influenza in Bangladesh and its
control measures
Md. Giasuddin
Former Director, National Reference Laboratory for Avian Influenza, Animal Health Research Division, Bangladesh
Livestock Research Institute, Savar, Dhaka, Bangladesh
The gs/GD lineage of highly pathogenic avian influenza
(HPAI) H5N1 virus has been spreading since late 2003 from
the Far East and Southeast Asia to across the world. The
virus is still circulating in several countries in Asia and
Africa including Bangladesh. The virus infects poultry, wild
birds, and human beings worldwide. Bangladesh first experienced HPAI outbreaks in early 2007 and up to December
2020, a total of 568 outbreaks have been reported to the
OIE. So far eight human infections of H5N1 influenza with
one case fatality have been reported to WHO from Bangladesh. Due to its zoonotic importance, the virus received
increasing attention over the years. The virus also causes
serious economic losses when infects commercial and
domestic chickens, turkeys, and other gallinaceous birds by
affecting production and trade. The outbreak situation in the
country since 2013 remains quite obscure and very few
cases have been reported to OIE and most of those are crow
mortality. There is no real evidence that Bangladesh is free
from HPAI H5N1 as surveillance and published reports
indicated the virus is still circulating with a distinct seasonal
pattern.
In March 2007, HPAI virus subtype H5N1 was officially
reported in poultry in Bangladesh for the first time, since
then the virus affected the poultry industry severely till 2012
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by causing huge economic losses. The initial H5N1 viruses
of Bangladesh belonged to clade 2.2.2 which later further
evolved into clade 2.2.2.1 in 2008 and remained dominant
up to 2010. From 2011 H5N1 viruses of two new clades
2.3.4.2 and 2.3.2.1a were introduced along with the previous
2.2.2.1 and co-circulated up to 2012. From 2013 only clade
2.3.2.1a of H5N1virus remains in circulation across the
country by replacing the previously circulating clade 2.2.2.1
viruses. The new reassortant clade 2.3.2.1a H5N1 virus that
was originally detected during surveillance in apparently
healthy free‐range ducks and LBM samples now appears to
be well entranced in domestic poultry of Bangladesh causing clinical outbreaks. There has been no report of the detection of noble H7N9 and H5N8 HPAI virus in Bangladesh.
But in the year 2017 the National Reference Laboratory for
Avian Influenza and two other laboratories detected H5N6
virus during surveillance, had been reported to OIE. Low
pathogenic avian influenza (LPAI) was also detected in
2007 during the analysis of samples collected from suspected HPAI outbreaks but that did not draw attention before
2016. Breeder and commercial layer farms were reporting
serious production loss due to LPAI H9N2 and the farmers
were demanding H9N2 vaccine. It seems that avian influenza infection is now endemic in Bangladesh. A compensation
policy for the farmers whose birds are culled due to AI was

implemented for few years but has been stopped.
To control HPAI, Bangladesh Government applied all
internationally accepted protocols such as (a) early detection, reporting, and rapid culling, (b) decontamination of
affected farms and movement control, (c) epidemiological
surveillance, and (d) improvement of farm biosecurity. On
the incursion of HPAI in 2007, Bangladesh adopted the
policy of stamping out in a zone of 1 km radius for the
control of AI, which was later restricted to only the infected
farms. But all these approaches were failed to contain the
spread of HPAI satisfactorily. Farmers and investors repeatedly demanding vaccines. In this regard, the Government of
Bangladesh decided to use vaccination as an additional tool

on a trial basis to constrain HPAI spreading from 2012,
which is open all over the country from 2015. If we analyse
the experience of vaccination, it is clear that reporting of
clinical outbreaks of HPAI H5N1 reduced from the breeder
and large commercial layer farms. But surveillance in the
live bird market indicates the presence of HPAI H5N1 in
poultry. The government also allowed H9N2 vaccines from
2019 for breeders and commercial layers. Improvement of
farm biosecurity remains vital for the control of AI. It has
been observed that the traditional biosecurity approach
cannot reduce the rate of outbreaks satisfactorily. Some
investigators proposed the engagement of the community to
extend the traditional approach of biosecurity.

Evolution of avian influenza virus in Bangladesh and its implications
Rokshana Parvin
Department of Pathology, Faculty of Veterinary Science, Bangladesh Agricultural University, Mymensingh 2202,
Bangladesh
The avian influenza virus (AIV) is a potentially zoonotic
pathogen that infects a variety of bird species and can occasionally spread to mammals, including humans. Since 2007,
Bangladesh has experienced intermittent outbreaks of
highly pathogenic avian influenza (HPAI) H5N1, as well as
low pathogenic avian influenza (LPAI) H9N2. Additionally,
H5N6 virus and LPAI of various subtypes have also been
reported mostly from waterfowls. So far, Bangladesh reported the existence of 12 HA subtypes (H1-H11, H15) and all 9
NA subtypes (N1-N9) with over 30 combinations (H1N1,
H4N6, H5N1, H5N2, H9N2, etc.) until 2020. Among those,
HPAI H5N1 and LPAI H9N2 are endemic and continue to
circulate among poultry populations in the country. As a
result, both clinical outbreaks and surveillance samples have
shown a continuous evolution of the viruses. Surveillance
sampling at live bird markets (LBMs) and free-range waterfowls yields the bulk of AIV subtypes, which are then
followed by outbreak samples in backyards and small to
medium commercial farms [1,2,3,4]. Circulation of AIVs in
wild aquatic birds appears to be more unsteady [5,6].
The widespread continuous co-circulation of HPAI H5N1
and LPAI H9N2 viruses provokes increased risks for the
potential generation of new subtypes and genotypes of AIVs
which constitute additional obstacles to virus eradication.
Since the first outbreak in 2007, five distinct gs/GD clades
including 2.2.2, 2.3.2.1c, 2.3.4.2, 2.3.4.4b and 2.3.2.1a of
H5N1 have been identified in Bangladesh [7]. Clade
2.3.2.1a H5N1 is further classified as 2.3.2.1a old (group 1:
all segments similar to 2.3.2.1a and group 2: PA gene from
circulating G1 like H9N2) and 2.3.2.1a new genotype.
2.3.2.1a new genotype H5N1 is further divided into
H5N1-R1 (HA, NA and M similar to 2.3.2.1a old; PB2,
PB1, PA, NP and NS genes from Eurasian lineage LPAI) and
H5N1-R2 (HA, NA and M similar to 2.3.2.1a; PB2, PB1,
NP and NS genes from Eurasian lineage LPAI; and PA like

H3N8 like BD LPAI). Thus H5N1-R1 and H5N2-R2 viruses
are distinguished based on their genetically distinct Eurasian
lineage non-H9N2 like PA gene segments. Barman et al. [5]
detected a triple-reassortant H5N2 (H5N1-R1 like HA, PB2,
PB1, NP, NS; H5N1-R2 like PA and H9N2 like NA and M)
in Bangladeshi LPM. The HPAI H5N6 viruses isolated from
LPM belonged to clade 2.3.4.4 and were likely introduced
into Bangladesh around March 2016.
The H9N2 viruses detected in Bangladesh are exclusively
from G1 Western lineage and further divided into many
sub-branches. A single isolate from an environmental
sample of domestic ducks identified in 2009 clustered with
the Y439 lineage/Korean lineage. The major evolution
noticed in the Bangladeshi G1 H9N2 viruses is at the cleavage site motif in the HA protein. Initially, G1 lineage viruses
(2007-2011) expressed a di-basic (PAKSSR*GLF) HA
cleavage site motif, which was later replaced by a tri-basic
(PAKSKR*GLF) HA cleavage site motif in later circulating
G1 strains (2011 till now). For all six internal gene segments
(PB2, PB1, PA, NP, M and NS), three distinct groups have
been observed: Bangladeshi H5N1-R1 cluster, Bangladeshi
H9N1 G1 cluster, and Eurasian LPAI cluster. Because of the
influx of Eurasian-lineage internal genes through wild
waterfowls, the variety of AIVs found in domestic poultry in
Bangladesh allows for the generation of reassortant viruses
with varying phenotypes. The continuous circulation of
various HPAI clades and LPAI lineages in the country may
further modulate the reassortment process which may lead
to the emergence of a potentially pathogenic strain.
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