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Abstract: Between 2006 and 2019, serological surveys in unvaccinated domestic ducks reared out-
doors in Myanmar were performed, using a haemagglutination inhibition (HI) test, to confirm H5
avian influenza virus circulation and assess temporal and spatial distribution. Positive test results
occurred every year that samples were collected. The annual proportion of positive farms ranged
from 7.1% to 77.2%. The results revealed silent/sub-clinical influenza A (H5) virus circulation, even in
years and States/Regions with no highly pathogenic avian influenza (HPAI) outbreaks reported. Fur-
ther analysis of the 2018/19 results revealed considerable differences in seroconversion rates between
four targeted States/Regions and between years, and showed seroconversion before and during the
sampling period. By the end of the trial, a high proportion of farms were seronegative, leaving birds
vulnerable to infection when sold. Positive results likely indicate infection with Gs/GD/96-lineage
H5Nx HPAI viruses rather than other H5 subtype low-pathogenicity avian influenza viruses. The
findings suggested persistent, but intermittent, circulation of Gs/GD/96-lineage H5Nx HPAI viruses
in domestic ducks, despite the veterinary services’ outbreak detection and control efforts. The role
of wild birds in transmission remains unclear but there is potential for spill-over in both directions.
The findings of this study assist the national authorities in the design of appropriate, holistic avian
influenza control programs.

Keywords: influenza a virus; H5 avian influenza; domestic ducks; wild aquatic birds; ecological
interface; serology; surveillance; Myanmar; LPAIV; HPAIV

1. Introduction

Highly pathogenic avian influenza viruses of the H5Nx subtype viruses in the
Goose/Guangdong/1/96-lineage (Gs/GD/96-lineage) emerged in China in 1996. Viruses
in this lineage are recognised as zoonotic pathogens with pandemic potential and have
caused severe outbreaks of disease in poultry, including multi-continent epizootics since
2005 [1,2]. Most countries have eliminated these viruses from poultry following incursions
but, in some places, strains of virus within this lineage remain endemic [3].

Gs/GD/96-lineage H5N1 virus was first detected in Myanmar in an outbreak in
2006 [4]. Since then, the Livestock Breeding and Veterinary Department (LBVD) of the
Ministry of Agriculture, Livestock and Irrigation (MOALI) has reported multiple outbreaks,
predominantly in chickens. Viruses within this lineage have also been detected in live
poultry markets in samples from the environment and live birds [5]. In addition to the
duck sero-surveillance, the LBVD conducted targeted, active virus surveillance from 2014
to 2019, with technical support from the Food and Agriculture Organization of the United
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Nations (FAO) to detect potentially zoonotic avian influenza virus (AIV) incursion and
its in-country spread. H5Nx virus was detected on multiple occasions (Wong et al., in
preparation).

A combination of factors places Myanmar at high risk for HPAI virus introduction,
spread and persistence: poultry are commonly sold through live bird markets (LBM);
Myanmar has areas with large and growing duck populations; there are shared borders with
HPAI-endemic countries, where cross-border-trade control measures for animal diseases
can be challenging to enforce [6]; and, during the study period, most poultry production
was conducted in household flocks or small farms with low biosecurity.

In Myanmar, several genetically distinct clades within the Gs/Gd/96-lineage have
been detected. Some were detected over a number of years (e.g., clade 2.3.4.2), whereas
others have disappeared/been eliminated (e.g., clade 7 viruses detected only in 2006),
similar to reports from other countries [7].

From 2007 to 2019, Gs/GD/96-lineage H5N1 HPAI was reported from Myanmar in
nine States/Regions. (In Myanmar, States and Regions are similar administrative areas.
States have a predominant ethnic group). Outbreaks occurred more than once in several
States/Regions. The affected domestic poultry species included chickens, ducks, quails,
and geese [8–10].

From 2014 onwards, the LBVD detected Gs/GD/96-lineage H5N6 subtype HPAI
viruses in samples both from border townships and from Mandalay and Yangon LBM [9]
but not from farms. A number of these H5N6 positive samples were from ducks but the
virus has not been associated with any reported outbreaks.

The role of domestic ducks in Myanmar in the epidemiology of H5 avian influenza
remains unclear. In other countries, such as Cambodia, China, and Vietnam, domestic ducks
are considered important for Gs/GD/96-lineage H5Nx avian influenza virus transmission
and likely play a role in virus persistence. HPAI virus infection in ducks may be subclinical:
clinical signs in ducks depend on both the age of the birds and the strain of virus [11–13]. In
experimental studies, most ducks do not shed viable virus for more than seven to 10 days
post-infection. Long-term carriage by individual ducks is rarely detected, with viral RNA
shedding reported for up to 28 days in one experimental study [14]. Limited information is
available on virus persistence at the flock level.

Compared to several other countries in the region, Myanmar does not have a large
duck population, but certain parts of the country have relatively high concentrations of
ducks, especially some lower and southern States/Regions. The Myanmar duck popu-
lation grew steadily between 2007 and 2017 [15]. More than 80% of the duck popula-
tion was in four of 14 States/Regions that have particularly high duck densities, namely,
Ayeyarwady Region, Bago Region, Mon State and Yangon Region. In contrast, the national
chicken population was more evenly distributed throughout the country. The 2018 MOALI
National Livestock Survey estimated national poultry populations at 7.3 million ducks
and 73.2 million chickens, of which 55% and 60%, respectively, were recorded as ‘native
type’ [16].

Duck production in Myanmar is tied to seasonal factors associated with rice farming.
In the wet season months, generally May to October, duck farmers sell mature ducks and
introduce the young ones for rearing. Around July, they sell older, ‘once-moulted’ (one year
old) and ‘twice-moulted’ (two-year old) laying ducks. From July to September/October,
farmers acquire day-old ducks from traditional hatcheries and then, after the seasonal rice
harvest, keep the duck flocks in the fields to feed on spilt grains and produce eggs.

Since 2006, with technical support from the FAO, the LBVD carried out influenza
A (H5) sero-surveillance in the Myanmar duck population as described in this article.
Serological studies in Myanmar are not complicated by vaccination against H5 avian
influenza. Vaccination is prohibited and, given that most infections with H5 viruses in
ducks are subclinical, there is no incentive for farmers to vaccinate ducks illegally.

Following Gs/GD/96-lineage H5N1 HPAI detection in poultry outbreaks in the
Mandalay Region in 2006, in the same year, the first serological surveillance for subtype



Microorganisms 2021, 9, 2114 3 of 16

H5Nx AIV was carried out in Myanmar duck populations. Subsequently, serological
surveillance in duck populations was conducted in all years except 2013. For convenience,
the LBVD collected the sera in February, March and April as these months are in the dry
season, fit with the duck production cycle, and precede the spring festival.

Some work on serology in Myanmar ducks [6,17] as well as in ducks in other Asian
countries [3,18–20] is reported elsewhere. These studies have demonstrated that domestic
ducks are exposed to H5 avian influenza viruses and have the potential to play an important
role as bridge species for avian influenza viruses between wild birds and terrestrial poultry.
Serological evidence of Gs/GD/96-lineage H5Nx circulation in Ayeyarwady in 2009 was
previously published [21]. A longitudinal study, conducted in 2009–2010, assessed the
extent of transmission of H5 avian influenza viruses in duck flocks in Bago Region near a
wetland/wild bird sanctuary [6]. Seroconversion occurred in ducks over a 7-month period.
No virus was isolated from specimens collected from these birds, but the results strongly
suggested that infection occurred throughout the drier months from November to March.
By the end of the study, 61 of 64 previously negative flocks had evidence of at least one
seropositive bird.

The FAO supported the LBVD to conduct the duck sero-surveillance described here
to enhance the veterinary authorities’ knowledge of influenza A (H5) epidemiology in
the country and to provide information for control policy options. As a result, disease
contingency plans were revised, even though the results of this work have not yet been
fully consolidated. The results were used to prepare a policy brief, for senior veterinary
officials, outlining measures that could be used to contain avian influenza. The first part of
this article collates and describes broad findings from duck surveillance since 2006. In 2018
and 2019, additional studies and data analysis were undertaken on sentinel farms over a
3-month period during the dry season in four States/Regions with high duck numbers.
The article includes the findings from the broad sero-surveillance program, the sentinel
surveillance, and an assessment of ways that the results since 2006 can be used to shape
control and surveillance policies.

2. Materials and Methods
2.1. Sampling Locations

Each year, other than 2013, the FAO and the LBVD selected high-risk States/Regions
as surveillance sites to acquire serological evidence of Gs/GD/96-lineage H5Nx virus circu-
lation in duck populations. The States/Regions targeted for duck serological surveillance
varied from year to year. State/Region selection was risk-based according to the following
factors: high duck population density, locations with previous outbreak reports, proximity
to wetlands that are over-wintering sites for migratory wildfowl, presence of populations
of other poultry species, and places where poultry value chain studies identified virus
incursion risks. Table 1 shows selection criteria that applied to specific States/Regions
surveyed.

Figure 1 shows the locations of selected States and Regions, and also indicates the
years when samples were collected. Townships were selected within each State/Region
and then farms/flocks were selected in each township.
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Figure 1. Map of Myanmar States and Regions selected for duck sero-surveillance and years of sampling.
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Table 1. Criteria used for selecting states/regions for sero-surveillance in Myanmar.

State/Region Selection Criteria

Ayeyarwady Region • Dense poultry population with commercial chickens,
backyard chickens and ducks.

Bago Region

• Large poultry population including ducks.
• Previous Gs/GD/96-lineage H5N1 HPAI outbreaks

(2007 and 2012.
• Moyingyi wetland, inhabited by migratory birds and

waterfowl.

Yangon Region

• Gs/GD/96-lineage H5N1 HPAI outbreaks (2007 and
2010).

• A dense poultry population.
• A high percentage of hemagglutination inhibition (HI)

H5-positive samples in previous surveillance.

Mandalay Region

• A dense commercial broiler chicken and duck
population.

• Previous Gs/GD/96-lineage H5N1 HPAI outbreaks in
2006.

Mon State

• Duck flocks imported from high-risk areas such as
Mandalay, Bago and Ayeyarwady Regions.

• A high percentage of H5-positive samples in previous
sero-surveillance.

Kayin State • A dense poultry population, including ducks.
• Cross-border, informal poultry trade.

Shan State
• Waterfowl-inhabited Inlay wetland. Duck-raising areas.
• A dense population of layer chicken.
• Cross-border, informal poultry trade.

Sagaing Region
• Areas with dense duck and chicken populations.
• Previous Gs/GD/96-lineage H5N1 HPAI outbreaks

(2006, 2010, 2011, and 2015).

Thanintharyi Region • A Gs/GD/96-lineage H5N1 HPAI outbreak in 2017.

2.2. Sampling Procedure

Throughout the study, sampling was purposive, not randomized. Within States or
Regions, logistic practicality influenced township and farm/flock selection. Generally,
specimens (blood drawn from the ulnar vein) were collected from 30 birds per flock at
each sampling throughout the study period, though sometimes fewer than 30 could be
tested at each sampling due to poor sample quality or other practical considerations in a
particular year. As described in Table 2, the study included only one round of sampling
in its first years. Later, multiple collection rounds were conducted, that is, repeated visits
to the same flocks, with sampling once a month over three to five consecutive months, to
detect sero-conversion in selected flocks in a particular year.

The number of farms and samples, and the locations where sampling was carried out,
are summarised in Table 2. In most years, the sampling focused on targeting high-risk
duck populations, but in some years, a national cross-sectional study or cohort study was
carried out as well. According to design parameters, the sampling surveillance can be
considered in four time periods during the whole study period from 2006 to 2019. The four
periods were: 2006–2009 risk-based surveillance; 2009 cross-sectional study; 2010–2011
cohort study; and 2012–2019 risk-based surveillance.
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Table 2. Overview of duck sero-surveillance from 2006 to 2019.

Time Period and
Type of

Surveillance
Year

No. of
Farms/Flocks

Sampled

No. of
Sample
Rounds

No. of
Samples

Col-
lected/Tested

Samples
Tested Per
Farm Per
Round

No. of
Townships
Sampled

No of
States/
Regions

State/Region Sampled

2006–2009:
Risk-based

surveillance

2006 84 1 2,331 28 17 5 Bago, Mandalay,
Sagaing, Shan, Yangon

2007 418 1 8,898 21 54 10

Ayeyarwady, Bago,
Kachin, Kayin,

Mandalay, Mon,
Sagaing, Shan,

Tanintharyi, Yangon

2008 337 1 7,378 22 39 9

Ayeyarwady, Bago,
Kayin, Mandalay, Mon,

Sagaing, Shan,
Tanintharyi, Yangon

2009 94 1 1,378 15 7 3 Ayeyarwady, Rakhine,
Yangon

2009:
Cross-sectional

study
2009 281 1 8,237 30 28 5

Ayeyarwady, Bago,
Mandalay, Shan,

Yangon

2010–2011:
Cohort study

2010–
2011 101 5 14,467 30 50 8

Ayeyarwady, Bago,
Kayin, Mandalay, Mon,
Sagaing, Shan, Yangon

2012–2019:
Risk-based

surveillance

2012 101 1 612 6 2 2 Rakhine, Sagaing

2014 9 1 270 30 3 3 Bago, Mandalay,
Yangon

2015 50 3 4,516 30 10 6
Ayeyarwady, Bago,

Mandalay, Mon,
Sagaing, Yangon

2016 100 3 8,997 30 20 8
Ayeyarwady, Bago,

Kayin, Mandalay, Mon,
Sagaing, Shan, Yangon

42 3 3,780 30 14 7
Ayeyarwady, Bago,

Kayin, Mandalay, Mon,
Shan, Yangon

2018 100 3 9,000 30 20 8
Ayeyarwady, Bago,

Kayin, Mandalay, Mon,
Sagaing, Shan, Yangon

2019 100 3 8,940 30 20 8
Ayeyarwady, Bago,

Kayin, Mandalay, Mon,
Sagaing, Shan, Yangon

Total 1817 78,804 87 11

2.3. Laboratory Test Procedure

Although the sampling strategy varied from year to year, the test procedure was
consistent and, despite imperfections, the analysis considers the entire study period to-
gether. The Veterinary Diagnostic Laboratories in Yangon and Mandalay tested serum
samples using a haemagglutination inhibition (HI) assay to measure antibody titres against
circulating H5 subtypes. Note that samples were not tested using a type A-specific ELISA
test, which was in line with the aim of this study to detect evidence of infection with H5
viruses in ducks. Other sub-national laboratories tested samples from 2009 to 2011. HI tests
were conducted according to the OIE Manual of Diagnostic Tests and Vaccines for Terrestrial
Animals [22]. A farm was considered positive if at least one of the serum samples collected
from its duck flock was positive. Serum samples were considered positive if there was
inhibition at a serum dilution of 1/16 or more against four hemagglutination units of
antigen.
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HI test antigens were prepared from influenza A (H5N1) viruses isolated from Myan-
mar chickens that died from infection in field outbreaks during 2006–2017. A clade 7 H5N1
virus isolated by Yangon Veterinary Diagnostic Laboratory (YVDL) was used as the test
antigen in 2006. A clade 2.3.4 H5N1 virus isolated in YVDL in 2007 was used as the test
antigen from 2007 to 2015. H5N1 virus (clade 2.3.4.2) from a 2015 Monywa outbreak was
isolated by YVDL and used in 2016 and 2017. A clade 2.3.2.1c H5N1 virus isolated in 2017
was used as the antigen in 2018 and 2019. The Australian Animal Health Laboratory, now
the Australian Centre for Disease Preparedness (ACDP), produced this antigen and the
positive and negative sera. It was supplemented by locally produced antigen from the
same virus, tested in parallel with the ACDP antigen.

2.4. Case Definition and Interpretation of Results

In the first part of this analysis, for data from 2010 to 2011 and from 2015 to 2019, the
number of farms visited in each sampling round was counted. The number of “infected
farms” included any farm that had at least one seropositive bird in any round of the study.
For example, if samples were collected from 30 farms per month over a three-month period,
this would be counted as 90 farms. If the same farm tested positive in two months, it was
recorded as two positive farms.

For the period from 2018 to 2019, additional analyses were undertaken on sentinel
flocks in four States/Regions known to have a high concentration of ducks, namely,
Ayeyarwady, Bago, Mon and Yangon. In each of these States/Regions, up to five lo-
cations and five sentinel farms in each location were selected. Specimens were collected
from 30 ducks each month for three months between February and April (with a few
samples extending into May). In 2018, the set of 30 tested farms was different from those
tested in 2019.

Results from individual flocks were examined for evidence of seroconversion. For this
component of the study, individual flocks in each month were categorised, based on the
percentage of birds with evidence of a titre at or above log24, as follows: zero seropositive
(no samples with a titre ≥log24); low seropositive (≤10% of individual birds seropositive
with a titre ≥log24); medium seropositive (>10% but ≤ 50% of individual birds in a flock
with a titre ≥log24); and high seropositive (>50% in flock with a titre ≥ log24).

Additional details of the methods used are provided in Appendix A.

3. Results
3.1. Overall Results

From 2006 to 2019, 78,804 duck serum samples were tested (Table 2, above). During
that period, the annual proportion of positive duck farms ranged from 7.1% to 77.2% and
the proportion of positive samples ranged from 1.5% to 20.0% (Figure 2). Across all years
during the study, 33.5% of 1817 farms and 11.9% of 78,804 samples were H5 antibody
positive.

Figure 2. Proportion H5-positive farms and samples, from 2006 to 2019, by year.
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The geographical implementation of the sero-surveillance in Myanmar over time is
summarised in Figure 3, which also presents the States/Regions where sero-positive farms
were found. Additional information about HPAI outbreaks reported to the OIE, and about
AIV detection through active surveillance [9,10], are superimposed on Figure 3.

Figure 3. Study implementation from 2006 to 2019 by State/Region and year. Light shading:
State/Region where serological surveillance was carried out, but no positives were found. Dark
shading: State/Region where serological surveillance was carried out and positive farms were
detected. Asterisk (*): State/Region where HPAI outbreak was reported in the OIE WAHIS. Triangle
(N): State/Region where HPAI was confirmed by PCR in active surveillance.

Figure 4 shows that the proportion of positive farms varied considerably at the
State/Region level over the years. The variation observed differed between the States/Regions,
and no common trend was observed within and between the different States/Regions.

Figure 4. Annual farm sero-positivity percentage by State/Region from 2006 to 2019.

3.2. Additional Data Analysis from 2018 to 2019

Results from 70 farms in four states (Ayeyarwady (25), Bago (25), Mon (10) and Yangon
(10)) from 2018 to 2019 were reviewed in greater detail than those in previous years. In these
States/Regions, in each year, five farms were sampled from either two or five townships.
Samples were collected each month in February, March and April. With few exceptions,
different farms were used in 2018 and 2019, but in each year, the same farms were tested
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three times. Two farms sold their flock in April 2019 and, therefore, the results for those
farms during that month were not available.

At each collection, farms were classified as belonging to one of four categories: zero
seropositive ducks, low seropositive, medium seropositive and high seropositive (see
Methods). Results are summarised in Table 3.

Table 3. Serological status of 70 sentinel duck flocks, 2018 and 2019.

Serological Status/Change in Status 2018 2019

Zero seropositive in February 42 38

Zero seropositive in all months 17 26

Change in status from zero seropositive (in February) to low, medium or
high seropositive (March or April) 25 12

Zero seropositive (in February) to high seropositive (March or April) 11 3

Low seropositive (in February) to high seropositive 4 1

High seropositive (in February) to zero seropositive (March or April) 9 8

At the first collection in February 2018 and 2019, 42/70 and 38/70 farms had no
seropositive birds. Of these initially seronegative farms, 25/42 (2018) and 12/38 (2019) had
evidence of seropositive birds in subsequent rounds. Eleven of the 42 seronegative farms
in 2018 had at least 50% of birds tested as seropositive in at least one subsequent month,
providing evidence of recent infection and likely transmission in the flock. In 2019, only
three flocks moved from zero positive to >50% positive.

Several farms classified as medium seropositive (with titres > 10% but ≤ 50%) in Febru-
ary also had evidence of increased titres. For example, one farm had 13/30 seropositive
birds with a median titre of log22 in February 2019 but, by April 2019, had
24/30 seropositive birds with a median titre of log27 (Figure 5).

Figure 5. Results from one farm demonstrating changes in titre distribution for 30 birds over a
3-month period.

There was considerable variation between States/Regions. The four charts in Figure 6
show the percentage of farms in each of four States/Regions in each category (zero, low,
medium, and high seropositive) by month. Not all areas were affected in both years; for
example, Yangon had no seropositive birds in 2019.
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Figure 6. Variation in percentage of flocks by serological category (Y axis) in four States/Regions, from
February to April 2018 and 2019 (zero seroconversion, low seroconversion, medium seroconversion,
and high seroconversion—see Materials and Methods for definitions).
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4. Discussion

This study reviewed and consolidated the available information on sero-surveillance
for H5 avian influenza infection in ducks, between 2006 and 2019, in Myanmar. The authors
undertook these studies and the consolidation of data to gain a greater understanding of the
behaviour of H5 viruses in ducks and to guide/improve future surveillance programmes
and avian influenza management in Myanmar. The results indicate that most individual
States and Regions had years with high numbers of positive duck farms and ducks, but
there were some variations between years and between States/Regions in terms of the
extent of infection.

Serological status in ducks did not always correlate with the known extent of disease.
Duck populations in Ayeyarwady Region and Kayin State sero-converted to H5 virus even
though no Gs/GD/96-lineage H5Nx HPAI outbreaks were ever officially reported from
these two States/Regions. It is probable that farmers did not report all outbreaks of disease
in small-scale poultry flocks, as has been found to occur elsewhere in South and Southeast
Asia [23,24], or that infection was confined to free-ranging ducks that did not develop
severe disease. In addition, the study detected seroconversion in multiple States/Regions
with no recorded outbreaks in the same year, suggesting that spill-over to species in which
disease is more evident did not occur or that infection was not identified/reported.

The States/Regions with the highest proportions of positive farms were Bago, Man-
dalay, Mon, Rakhine, and Shan, but they showed considerable variation between years.
Throughout the period from 2007 to 2015, Bago Region was the most densely populated
duck-raising area in Myanmar [15]; Ayeyarwady, Mon, and Yangon were the States/Regions
with the second, third and fourth-largest duck populations, respectively. Results from
sentinel flocks examined in these four States/Regions over two 3-month periods (February
to April in 2018–2019) confirmed the variability between years and variation in infection sta-
tus from month-to-month. Somewhat unexpectedly, high proportions of seropositive birds
and farms were also found in Mandalay and Shan, where duck numbers are comparatively
low.

These results from the past 15 years demonstrate that most areas with high concen-
trations of ducks in Myanmar had multiple flocks that were or became seropositive to
H5 avian influenza. In the work by Cristalli et al., 61/64 of negative flocks studied in
Bago State seroconverted across a 7-month period [6]. In 2018–2019, using sentinel farms,
seroconversion was detected in some farms between February and April, with fewer farms
being infected in 2019 than 2018.

Other studies in the region have demonstrated the presence of infected ducks in live
bird markets [3]. Given the (usually) short duration of virus shedding by ducks, these
findings suggest that infection can occur in the period close to sale and may result from
holding ducks in traders’ yards prior to transport to markets, or prolonged holding of birds
in markets, allowing them to become infected and shed virus once in the market. Results
from the current study demonstrate that some flocks in Myanmar that were seropositive in
February were negative by April, suggesting that immunity in these flocks is not always
long-lived. The high proportion of seronegative ducks means that when these ducks were
sold, they may not have had sufficient humoral immunity to resist infection. Stresses
associated with transport might also play a role in increasing susceptibility to infection.

This study had some constraints and inconsistencies. Over the study period, sample
areas, sample populations, sample months, and test antigen varied. In most years, the
sample design used purposive, rather than random sampling, and the same farms were
sampled monthly, but the number of months varied. The proportions reported in the results
should be considered as indicative and may be an over-estimation or under-estimation
of population prevalence, given that samples were collected using a risk-based approach
rather than a random approach. Variations in the antigens employed in HI tests also
need to be considered. Some gaps in background data, especially for early rounds of
testing, were also noted. Although these study design features complicated and prevented
statistical analysis and interpretation of combined data, the positive HI test results provided
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evidence that influenza A (H5) viruses were present each year that sera were tested. Despite
imperfections in study design, the analysis gave indications on the spatial and temporal
distribution of infection.

As only 30 samples were collected from each flock, a negative result did not rule out
the possibility of the presence of low numbers of seropositive birds in the flock that were
not detected in the sample of birds tested. Some positive results may also have been “false
positives”, although this was unlikely given the cut-off point selected for a positive bird
(log24). This was one rationale for the more detailed assessment of results in 2018 and 2019,
that is, to demonstrate that seroconversion had occurred, based on a marked increase in
the number of birds testing positive and increases in the median titre, rather than using a
single positive sample in a flock as the indicator of seroconversion.

It is likely that an H5 HI positive test result in this study, using HA antigen derived
from Gs/GD/96-lineage H5N1 virus isolated in Myanmar, indicates past infection with
viruses from this lineage. Low pathogenicity H5 viruses are likely to be present in Myanmar
based on the detection of a single low pathogenicity H5N2 virus in 2017 in a consignment of
virus samples sent to an international reference laboratory for characterisation (Wong et al.,
in preparation). Future serological testing will include tests using this virus as well as sig-
nificant reference strains of H5 LPAIVs as antigens to compare results with samples tested
with the Gs/Gd/96 H5 antigen. Low pathogenicity H5Nx viruses are not thought to have
contributed significantly to positive results. Research in wild ducks in Australia demon-
strated that serum from birds that had tested positive using an HI test with Australian
(Eurasian) LPAI H5 virus antigens did not test positive against any of the seven differ-
ent antigens prepared from Gs/GD/96-lineage viruses [25]. Multiple Gs/GD/96-lineage
H5N1 viruses have been isolated from samples from ducks in Myanmar, confirming their
presence in ducks, although not from any of the farms in the 2018–2019 study. Regardless,
infection with any H5 subtype virus in domestic ducks is a notifiable event and, therefore,
any seroconversion of ducks to an H5 virus warrants investigation. Apart from testing for
virus and viral RNA in affected flocks, this investigation could include HI assays using two
H5 antigens with heterologous neuraminidase (e.g., H5N1 and H5N2) on samples to ensure
that positive results are not due to steric interference mediated by anti-N antibodies [22],
arising from infection with an HxN1 strain other than an H5N1 virus.

Vaccination is not considered likely as a cause of positive serology in ducks in Myan-
mar. Throughout the study period (2006–2019,) the Myanmar authorities used stamping-
out and movement control as the primary countermeasures against Gs/GD/96-lineage
H5Nx HPAI outbreaks. Avian influenza vaccination, including for Gs/GD/96-lineage
H5Nx viruses, was officially prohibited. In any case, even if vaccines were available, farm-
ers were unlikely to vaccinate ducks because mortality from avian influenza is generally
lower in ducks than in chickens and because ducks are mainly maintained in a low-input,
scavenger system, feeding in post-harvest rice paddy fields. Flock owners were unlikely
to invest in vaccines for a disease that generally causes low mortality in ducks. Therefore,
H5 antibody-positive duck sera were considered to be evidence of past infection, not
vaccination.

It is possible that some negative serological results in some years were due to the
use of an antigen from a virus that was no longer the dominant field strain. In 2017, no
seropositive samples were detected in several States/Regions. This may have been due to
the use of an antigen that was no longer a good antigenic match to circulating strains given
that a clade 2.3.4.2 virus was used as an antigen. Outbreaks in 2017 were associated with
clade 2.3.2,1c viruses (Wong et al., in preparation) and viruses in this clade were detected
in markets at that time.

The source of infection for duck flocks is still not clear. Avian influenza viruses should
not have survived for an extended period in the hot conditions occurring during the dry
season from November to May in much of Myanmar, yet transmission during this period
still occurred. Water contaminated by infected birds, including domestic ducks, may have
played a significant role in transmission, especially when there were limited flows of water
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and a high concentration of ducks on existing waterways. Water source and wooden egg
collection trays were found to be associated with infection in a case-control study that
utilised 2009 data from Ayeyarwady (Win et al.). The role of wild ducks in the introduction
and transmission of Gs/GD/96-lineage H5Nx viruses in Myanmar is yet to be determined.

It is evident that the measures in place to contain outbreaks of avian influenza in
Myanmar, while effective in preventing disease, are not able to prevent infection in all
duck flocks. This is not surprising given experiences with Gs/GD/96-lineage H5 viruses
in most other parts of SE Asia. Options for managing infection in these flocks are being
considered. As Gs/GD/96-lineage H5 viruses are expected to continue to circulate in ducks,
terrestrial poultry are at risk of infection from viruses shed by infected ducks in places
where they co-mingle. Segregation of ducks from terrestrial poultry along the market chain
is one option to reduce this risk, as was implemented in Hong Kong in 1998 onwards,
including greater use of centralised slaughter for spent layer ducks. The possibility of
using vaccination could also be considered, especially if a vector vaccine, based on another
important duck pathogen such as duck virus enteritis virus, became available commercially
and provided protection against both diseases. Silent infection detected in unvaccinated
ducks in this study negates one of the main objections to vaccination—that it would lead
to silent infection. Significant changes to production are unlikely given the value that
current free-grazing methods provide to duck farmers and rice producers. However, unless
production methods change, virus elimination from all duck flocks remains a distant goal.

The active serological surveillance in ducks has provided a complementary tool for
evidence of H5 virus circulation in areas where other detection methods, such as virus
isolation and farmer reporting, may not have sufficiently informed the authorities of
potential Gs/GD/96-lineage H5N1 infection. Indeed, the study results consolidated in this
report indicate that H5Nx avian influenza viruses, most likely Gs/GD/96-lineage H5N1
HPAI viruses, circulated in ducks in Myanmar every year from 2006 to 2019 (excluding the
year 2013, for which there were no data).

The findings confirmed the value of H5 serological surveillance in Myanmar duck
populations. This information informed the authorities of likely Gs/GD/96-lineage H5N1
HPAI virus presence, distribution and persistence. It provided information on the extent
to which H5 virus is infecting ducks sub-clinically, as well as options for further actions
to prevent or reduce the threat posed by infected domestic ducks. Sufficient historical
evidence has been collected to demonstrate that ducks are being infected with H5 viruses.

This study focused specifically on H5 avian influenza because it has been deemed a
major zoonotic threat with pandemic potential. The serological tests performed only detect
antibody to H5 viruses, not influenza A viruses of other subtypes. Testing for antibodies
to type A influenza was not conducted because the focus of this work was on H5 avian
influenza. However, other surveillance for infections with other avian influenza viruses
has been conducted in various locations across Myanmar, especially in live bird markets,
and has confirmed the presence of a low pathogenicity H5 virus and infection with H9N2
avian influenza viruses [5,9].

Future surveillance programmes should focus more on the detection of H5 viruses.
Given the low rates of detection of H5 viruses at the farm level via swab samples from
ducks, a shift to greater use of surveillance in markets or to alternative, environmental
samples at the farm level, such as drinking water or feathers, should be considered [26].
Repeated, intensive duck serology is not recommended unless results can be provided in
real time to assist in determining sites where H5 viruses are actively circulating and to
serve as a tool for disease control and local virus elimination.
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Appendix A. Additional Notes on Sampling Procedure

The sampling approach in each of the four time periods is described below. From
2006 to 2009, the strategy was high-risk area surveillance in duck populations in the
States/Regions shown in Table 2. In this period, the results for 19,985 serum sample tests
from 11 States/Regions were recorded. In 2009, a National Duck Cross-Sectional Study was
conducted, comprising 8237 samples from 281 farms in five States/Regions (Ayeyarwady,
Bago, Mandalay, Shan, and Yangon).

From 2010 to 2011, based on the 2009 National Duck Cross-Sectional Study results,
serologically negative duck flocks were enrolled in a cohort study. This comprised 101
farms in eight States/Regions. On each farm, 30 serum samples were collected in each of
five monthly sampling rounds over the 12-month period and 14,467 serum samples were
tested.

In 2012, a more restricted sampling took place, covering one township in Rakhine State
and one in Sagaing Region, where Gs/GD/96-lineage H5N1 clade 2.3.2 was previously
detected. A total of 612 samples from 101 farms were analysed. No surveillance took place
in 2013. In 2014, restricted surveillance resumed, covering three farms in one township in
each of three Regions. A total of 270 sera were collected from the nine farms/flocks that
were sampled.
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From 2015 to 2019, risk-based sero-surveillance continued in locations selected ac-
cording to risk factors described above. In 2015, serum sample collection took place from
June to August in ten townships in six States/Regions. Five farms were selected in each
township and, on average, 30 samples were collected from each farm on a monthly basis
during the surveillance period. Overall, 4516 serum samples were tested. In 2016, serum
samples were collected from May to July in 20 townships in eight States/Regions. Five
farms were selected in each township and, on average, 30 samples were collected from each
farm on a monthly basis during the surveillance period. A total of 8997 serum samples
were tested.

In 2017, serum samples were collected from February to April in 14 townships in
seven States/Regions. Three farms were selected in each township and, on average, 30
serum samples were collected from each farm on a monthly basis during the surveillance
period. In total, 3780 serum samples were tested.

In 2018, serum sample collection took place from February to April in 20 townships
in eight States/Regions. Five farms were selected in each township and, on average,
30 samples were collected from each farm on a monthly basis during the surveillance
period. Overall, 9000 serum samples were tested.

In 2019, serum samples were collected from February to April in 20 townships in eight
States/Regions. Five farms were selected in each township and, on average, 30 serum
samples were collected from each farm on a monthly basis during the surveillance period.
In total, 8940 serum samples were tested.
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