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Abstract

A serological survey for Avian Influenza Virus (AIV) subtype HS, H7 and H9 antibodies
in domestic ducks was carried out in 2009 at Central Veterinary Laboratory (CVL),
Kathmandu, Nepal. A total of 1000 serum samples were tested from various localities
of 11 districts of Nepal, categorized as to be at high risk for the introduction of Highly
Pathogenic Avian Influenza Virus (HPAIV) of H5N1 subtype. Sero-positive result against
AIV HS was found in three districts of eastern region with the highest prevalence (6.28
%) in Jhapa (p< 0.001). Likewise, sero-positive samples against AIV H9 were detected in
Chitwan, Kapilbastu, Nawalparasi and Kaski districts. However, none of the samples was
found to be sero-positive against AIV H7. All the samples positive against HS were sampled
in December 2008 exclusively (p< 0.001). In contrast, two samples collected before
September 2008 and three samples after this time until January 2009 were sero-positive
against AIV HO9. Our findings indicate higher prevalence of AIV subtype H5 compared to
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Introduction

Avian Influenza (Al) is an infectious disease of birds caused by
type A strains of the Influenza Virus. While all birds are thought to
be susceptible to infection with Al viruses, many wild bird species
particularly birds of the orders Anseriformes (ducks, geese and swans)
and Charadriiformes (gulls, waders and terns) are known as reservoirs
(CDC). The domestic ducks in South East Asia is the principal host of
Influenza A viruses where free-grazing duck feed year round in rice
paddies appear to be a critical factor in HPAI persistence and spread
and also has a central role in the generation and maintenance of the
H5N1 virus.'?

It is not clear how Al viruses are maintained from year to year,
but there is evidence that the viruses in duck populations survive in
their habitat. Ducks have been shown to excrete virus for as long as
30 days, so it would not require many virus passages to maintain the
viruses in the population.* It is possible that the viruses are maintained
even at low level in the wild duck by transmission to susceptible birds
until the next breeding season resulting in a new group of susceptible
juveniles.®

While the low pathogenic avian influenza viruses (LPAIV) do not
have any impact on wild bird population, highly pathogenic avian
influenza viruses (HPAIV) can also seriously harm them. Often,
wild birds found dead in the vicinity of HPAI outbreaks in poultry,
were infected with the same virus. With the onset of HPAIV H5N1
circulation in Asia and its spread to Europe and Africa major concern

was that the HPAIV H5N1 could also become part of the AIV-reservoir
maintained asymptomatically by wild birds. However, intense
surveillance studies in wild birds in Europe ruled out endemicity of
HPAIV H5N1 within wild bird populations.®

More recently, some HPAI viruses (e.g., HSN1) have been found to
cause no illness in some poultry, such as ducks. LPAI viruses have the
potential to evolve into HPAI viruses and this has been documented
in some poultry outbreaks. Avian influenza A viruses of the subtypes
HS and H7, including H5N1, H7N7, and H7N3 viruses, have been
associated with HPAI, and human infection with these viruses have
ranged from mild (H7N3, H7N7) to severe and fatal disease (H7N7,
HSN1). In general, direct human infection with avian influenza viruses
occurs very infrequently, and has been associated with direct contact
(e.g., touching) infected sick or dead infected birds.”

The domestic duck in Southeast Asia is the principal host of
Influenza A viruses and also has a central role in the generation and
maintenance of the H5N1 virus.'? Several duck species are naturally
resistant to HP Asian H5N1 influenza viruses and can transmit the
virus to domestic animals including humans. These duck species can
shed and spread virus from both the respiratory and intestinal tracts
showing few or no disease signs, the absence of disease signs in some
duck species has led concept that ducks are the “Trojan horses” of
HSNI in their surreptitious spread of virus. Clearly, ducks play a
complex and vital role in the biology and the overall natural history of
influenza including HSN1 HPALI viruses.® Following this study, Nepal
has suffered perennial HSN1 outbreaks in poultry, over 234 outbreaks
have occurred since 2009.3° The main objective of this study was to
assess the presence of Avian Influenza Virus (AIV) subtype HS, H7
and H9 antibodies in domestic ducks in Nepal prior to this outbreak.
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Methodology
Sample and study area

Approximately 1000ul of each duck serum samples were received
from eleven districts out of 75 districts in Nepal: Jhapa, Morang,
Sunsari, Rautahat, Chitwan, Nawalparasi, Kapilbastu, Kaski, Banke,
Bardiya and Kanchanpur.

Blood sample collection

A total of 1000 blood samples were collected in varied time
course, allowed to clot and sera were separated and preserved at -20°
C at Central Veterinary Laboratory (CVL), Kathmandu. Out of all,
389 (38.9%) had been preserved from Pant and Selleck® at -20° C
while the remaining 611(61.1%) were collected contemporarily with
the study period (September 2008-May 2009). All the samples were
from High Risk District (HRD) regions.

Haemagglutination (HA) and Haemagglutination
inhibition (HI) tests

The serum samples were tested to determine the antibodies against
AIV- subtypes H5, H7 and H9. The antigens used were received from
Weybridge, UK.

Test Procedure

In order to monitor the antibody titer in duck serum samples,
the protocol for HA/ HI tests was followed according to the OIE
Manual. And the ELISA tests were performed as instructed in the
FLUDETECTTM Blocking ELISA procedure.

Result Interpretation
Positive HI test: Appearance of distinct button or tear- shaped.

Negative HI test: Appearance of agglutination of RBCs (no distinct
button).

Statistical analysis

The statistical of the data was performed by SPSS (version
11.5). The Chi-square test was calculated to observe any significant
relationships among the variables and p-value < 0.001 was considered
statistically significant in the test.

Results

Among 1000 serum samples derived from ducks, 26 (2.6%)
samples were found to contain AIV type A antibodies (Tested for
HS, H7 and H9 subtypes only) by HI test. Among positive for AIV
type A antibodies, only 21 (2.1%) samples specifically contained
H5 antibodies while 5 (0.5%) samples were positive against H9
subtype. However, none of the sample showed sero-positive result for
antibodies against H7 subtype (Table 1).

Table | Detection of different subtypes of AIV type A antibodies by HI test

SubType Number of samples tested % Positive
H5 1000 2.1

H9 1000 0.5

H7 1000 0

On doing further verification, samples having HS and H9
hemagglutinin inhibiting antibodies in HI tests were found also to be
positive as tested for AIV type A antibodies in ELISA test. Besides
this, out of 55 samples from Jhapa district tested negative in HI test, 4
samples were found to be positive in ELISA test.
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District wise distribution of antibodies against AIV H5,
H9 and H7 subtypes

Among 11 districts, samples containing the antibodies against HS
subtype were from eastern three districts. No sample from any district
was found to be sero-positive against H7 subtype while samples
containing H9 antibodies were derived from two districts each from
central and western regions (Table 2).

Table 2 District wise distribution of AlV type A H5, H7 and H9 antibodies

No of Positive (%) Against

Districts Total Sample Tested

H5 H9 H7

Jhapa 11628 0 0 175
Morang 3(L.71) 0 0 175
Sunsari 7 (4.0) 0 0 175
Rautahat 0 0 0 69
Chitwan 0 1(1.08) 0 92
Nawalparasi 0 2(3.63) 0 55
Kapilbastu 0 1(r.8ry o 55
Kaski 0 1(1.81) 0 55
Banke 0 0 0 26
Bardiya 0 0 0 47
Kanchanpur 0 0 0 76
Total 21 (2.1%) 5(0.5%) 0 1000

HI Titers reading against HS and H9 subtype:

Among samples tested against H5 subtype, 21 (2.1%) samples
were found to be giving HI titer value > 1:32. While, remaining 979
samples (97.9%) showed HI titer value <1:4 giving non-specific
results in HI tests (Table 3). Likewise only 5 samples (0.5%) showed
the HI titer value > 1:32. Rest of the samples showed HI titer value of
<1:4 for H9 antibodies.

Table 3 Distribution of samples on the basis of HI titers against AlV-subtype

H5
No of HIlTiter
S.No. samples (%) 1:2 1:4 1:8 1:16 1:32 1:64 1:128 1:256
| 21 (2.1) 0 0o 0 O 13 8 0 0

2 979 (979) 919 60 0 O 0 0 0 0
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Figure | Time wise distribution of sero-prevalence status against H5.

Sero-prevalence status against H5 subtype on the
basis of sampled time

Among 560 serum samples collected before September 2008,
none of the sample was found to contain AIV subtype H5 antibodies.
However, 21 (4.77%) sera among 440 collected in December 2008
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exclusively contained AIV subtype HS antibodies (p <0.001) (Figure
1). Likewise, only 2 (0.35%) samples collected before Sep 2008
showed the sero-positive result of AIV subtype H9 antibody while 3
(0.68 %) samples out of 440 collected after September 2008 found to
be sero-positive for these antibodies.

Discussion

Al outbreak was not reported till this research was started and
suddenly it occurred in the beginning of 2009 in the Eastern Region
of Nepal about 5 KM away from the Nepal-India border thus adding
our nation in the list of Al affected countries in the world. Though the
nearby country India has already been reported the case, Nepal was
remained untouched for long time because of strict quarantine check
post, which might have prevented the entry of virus. However, there
might be another route through which it might enter the country i.e.
through the wild aquatic birds, which are natural reservoir of AIV.
Furthermore, the open border with India is also another major concern
from where the import of poultry products mostly occurs.!® Practice
of illegal import of poultry and poultry product is also prevalent in
the country and that might be another reason why Nepal acquired the
devastating disease.

The total seropositive case was only 3% irrespective of the subtype
of antibody. However, the study carried out by Al-Natour et al.!!
reported 71% sero-prevalence among the poultry flocks. Likewise,
Naeem et al.”? found 54.54% seropositive cases among poultry
flocks. The higher sero-prevalence cases in these studies might be
due to the higher number of poultries in the same flocks in relatively
a smaller geographical area there. The lower sero-prevalence rate in
this study is due to the inclusion of serum samples from wide range
of geographical area where no cases of LPAI of HPAI outbreaks have
been reported in Nepal. Furthermore, the samples were taken from the
backyard ducks whose number in a flock was ranging from several to
not more than ten.

Among the sero-positive cases, H5 antibody shares 21 (3.21%,
n=653) while 5 (1.89%, n=264) sero-positive cases were added by H9
antibody and no positive case (n=83) was detected for H7 antibody.
Numan and Siddique et al."* carried out similar survey based in
collection of serum samples for the determination of prevalence
of avian influenza in flocks was in an area of Punjab using the
Haemagglutination Inhibition (HI) test. The result showed that out
of 14 sampled farms, three farms had antibodies against H7 subtype;
two farms showed antibodies against both subtypes H7 and H9, while
remaining 7 farms were negative for antibodies to Al.

Among all, 653 serum samples were tested for HS antibody, 83
samples for H7 and 264 samples for H9 antibody. Out of 653 serum
samples; 21 (3.21%) samples found to be positive specifically for
HS antibody from HRD Jhapa, Morang and Sunsari. With the HI
test, Only 11(9.3%, n=107) from Jhapa and 3 (2.4%, n=124) from
Morang were seropositive for H5 and Sunsari contributed for only
7 (3.6%, n=186) seropositive results were found. In contrast, while
using Blocking ELISA, 4 additional seropositive cases were detected
in Jhapa district. This may be due to the more sensitivity of ELISA test
than that of HI test. This is the first report of sero-prevalence of avian
influenza type A subtype H5 in backyard ducks in Nepal. The highest
prevalence rate in Jhapa indicates the circulation if the Al virus and
continuous field challenge.

In spite of the presence of high levels if Al antibodies in the duck
sera tested, no clinical cases were reported till early 2009 when HPAI
HSNI1 outbreak occurred in there. This showed the varied number of
seropositive case in the studied localities with more seropositive in the

Copyright:
©2016 Pandey etal. 3

region where risk of acquiring Al was higher. The seropositive ducks
had no history of clinical signs. This finding is in correlation with the
study carried out by, which also showed the higher seropositive cases
in the farms near migratory routes of migratory waterfowl. Likewise,
the positive flocks had 2-30 sero-positive cases out of 30 samples
examined in each farm. In the present study, the serum sample were
being collected just prior to the outbreak of Al in Jhapa in Nepal, the
first ever case. This indicates that, ducks had been exposure to the
HPALI earlier so that they developed antibodies against the HS subtype.
These districts are under the high-risk regions category because they
lie near the Indian border plus illegal import of poultry and poultry
products are also prevalent in these regions.

Among samples; tested for H5 antibody, 213 (32.2%) samples
were collected before the year 2008. Remaining 440 samples (67.8%)
were collected from mid 2008 to the beginning of 2009. None of the
samples collected before the year 2008 showed sero-positivity for HS
antibody. While 21 samples (4.77%, n=440) were seropositive for H5
antibody, additional 4 sero-positive cases were determine by ELISA,
which were collected between end of 2008 and beginning of 2009.
The sero-positivity for HS subtype in the ducks from HRD regions
suggests that antibodies in the serum of ducks have been developed
or produced due to exposure to the virus of subtype H5 irrespective
of the NA subtype. Presence of Al virus type A antibodies indicates
previous exposure to the virus. The contemporary outbreak of Al in
poultry in the same region here also strongly supports the outcome
without any doubt.

Samples tested for HS antibody, 21 samples (3.21%, n=653) were
found to be giving HI titer value >1:80 while, 67 samples (10.26%, n
=653) gave HI titer value < 1:80. As OIE recommends, sero-positivity
is considered by the HI test showing HI titer >1:80 where all of
these samples had shown HI titer value more than 1: 320. Thus these
samples were confirmed as the seropositive for Al subtype H5. All
these samples were verified by blocking ELISA test. All the samples
giving HI titer value >1:80 in HI test were found to be positive in
the ELISA test too. Besides, 4 samples giving HI titer <1:80 in HI
tests were also gave positive result in the ELISA test. This depicts
the sensitivity of ELISA is higher than that of HI test as found in the
case of Adair et al.'* and Arenas et al.'* Contrary to this result, Zhou
et al (1998) and Sala et al.' reported higher sensitivity of HI test over
the ELISA test. This variation may be due to the different diagnostic
potential, principle and protocols provided for the tests.

The sero-positivity for H9 subtype is correlated with the findings
by Shrestha.!” in which, 6 cases out of 1000 were positive for the
presence of low pathogenic H9 subtype. The positive cases were found
from the tracheal swab of poultry in Chitwan and Nuwakot districts.
The sero-positivity for H9 subtype in this study was from Chitwan
(2.1%, n= 48), Kapilbastu (5%, n= 20), Nawalparasi (7.1%, n=28)
and Kaski (5%, n= 20). Pant.’ had reported the H9 seropositive cases
from the poultry serum collected on October 2005 for the first time in
Nepal. From this finding, it can be concluded that though few cases,
low pathogenic H9 subtype is prevalent in Nepal and the study should
be monitored strictly and carried out more intensively to establish the
exact prevalence data to help minimize the risk of transmission and
stop the spread of the virus. However, none of serum samples showed
positive result for the H7 subtype. This result brings close similarity
with the study carried out by Pant.’ who detected no Al subtype H7 in
any serum sample tested with the ELISA followed by HI test.

The ducks from which serum samples were collected were
apparently healthy without no signs and symptoms of Al. This
bears the same result with the experiment carried out by H Kida et
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al. F(1980) experimentally inoculated Influenza viruses A/duck/
Hokkaido/5/77 (Hav7N2), A/budgerigar/Hokkaido/1/77 (Hav4Nav1),
A/Kumamoto/22/76 (H3N2), A/Aichi/2/68 (H3N2), and A/New
Jersey/8/76 (HIN1) into Peking ducks. The infected ducks shed the
virus in the feces to high titers, but did not show clinical signs of
disease and scarcely produced detectable serum antibodies. In this
study NI test was not carried out because its procedure requires
specialized expertise and reagents; consequently this testing is usually
done in an OIE Reference Laboratory. However, it can be concluded
that the ducks have exposure to the virus irrespective of the high or
low pathogenic subtype HS and H9 whilst no serum samples from all
the regions tested for H7 subtype showed sero-positive result. Hence,
from this study, H- subtype antibody present in the serum samples was
detected as of HS and H9 but NA subtype could not be determined.
The high HI titer against HS and H9 subtype and positive result in the
blocking ELISA test is the indication for the presence of respective
antibodies in the serum samples.

The sero-positivity in the sample was reported according to
the HI titer shown by the antibodies present in the serum. As OIE
recommends, HI titer value >1:80 can be considered as the sero-
positivity. Hence, out of 653 serum samples tested for antibody
against H5 subtype only 21 (3.21%) samples shows HI titer up to
1:1280 and hence these samples are considered to be positive. While
67 (10.26%) serum samples from HRD found to be non-specific as
they showed HI titer value 1<1:80, that might be due to production
of insignificant levels of antibodies or might be cross reactivity of
some other antibodies or the less sensitivity of HI test. In addition,
repeated thawing and freezing process might have also interfered the
positive result by decreasing the efficacy of antibodies. Out of the 67
non-specific serum samples, 4 samples were shown to be positive by
blocking ELISA. This is in accordance with the result of Adair et al.
and Arenas et al.."> who reported that the ELISA test is better than HI
test.

FAO.!¢ report suggest that high titer of virus occur in the late
summer, when birds leave their northern breeding areas. The titers
decrease as birds continue southwards. Nepal is situated in the
southern part and migratory birds come to Nepal from the northern
Siberian Province. Hence the titer might have become very less and
thus were undetectable in this study.'” This finding also brings the
opinion that exposure of ducks to low titer of Al infected bird might
have resulted in the non-specific sero-positivity in the serum samples
tested.

This outcome is in close relation to the study carried out by
Hinshaw et al.'® found insignificant levels of antibodies while doing
HI test in post infection sera from ducks. This suggested that avian
influenza viruses might not induce a significant humoral response. Or
the HI assay, the standard method for serologic detection of influenza
Virus infection has been shown to be less sensitive for the detection of
antibodies induced by avian influenza viruses.'” Thus, to get exact and
accurate result, more sensitive ELISA test was run in addition to the
HA/HI test for the better result.

Thus this result indicates that the Al virus has been prevalent in
avian species especially duck. The ducks are the natural reservoir of
Al viruses. Study carried out by Hulse-Post et al. % indicates that the
ducks are true reservoir for the Al viruses. Wild waterfowl, including
ducks, are the natural hosts of influenza A viruses. These viruses rarely
caused disease in ducks until 2002. When some H5N1 strains became
highly pathogenic they even revert to nonpathogenic in ducks. Ducks
experimentally infected with viruses isolated between 2003 and 2004
shed virus for an extended time (up to 17 days). These results suggest
that the duck has become the “Trojan horse” of Asian H5N1 viruses.
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The ducks that are unaffected by infection with these viruses continue
to circulate these viruses, presenting a pandemic threat.?

This finding suggests a trend toward decreased pathogenicity of
HSNI in ducks, although the small number of samples tested (because
of time, and reagents constraints) precludes a firm conclusion. As
reported by Chen et al.! H5N1 viruses isolated from healthy ducks
remain pathogenic to chickens and mammals. Therefore, the duck may
be resuming its role as a reservoir of HSN1 viruses, transmitting them
to other bird species and potentially to mammals. As the seropositive
results were obtained during identified HSN1 outbreaks, they may not
be representative of the endemic HSN1 virus population in the result.
There may be many more ducks infected with low of high pathogenic
viruses than are currently depicted from the serological tests. Passive
surveillance and outbreak reports will underestimate the prevalence
of H5N1 in duck population and the role played by ducks in HPAI
outbreaks.

According to Karki et al.’ 27.2% of domestic ducks sampled in
Kathmandu were positive for AIV antibodies, with duck age found to
be a significant risk factor for AIV seropositivity.

In similar study by Karamcharya et al.’ they found only one
Influenza A HIN2 positive out of 1811 environmental fecal samples
collected from seven wetland migratory bird roosting areas. It was
found in one sample from a ruddy shelduck in Koshi Tappu Wildlife
Reserve located in southern Nepal. In contrast, Avian H7N9 and other
highly pathogenic avian influenza viruses were not detected.

Region-wide influenza virus surveillance among healthy ducks
across the country including domestic ducks, waterfowl, migratory
birds and wild birds is merited to determine whether highly pathogenic
H5NT1 is endemic in domestic birds. Such an initiative would elucidate
the true impact and role of domestic ducks in the continual spread
of H5N1 viruses. The mechanism of non-pathogenicity of H5N1
among ducks increases the potential for spread of these viruses; it
is biologically, helping to explain the origin of new H5N1 viruses
in inter-species population. This finding also has public health
implications. There is a real possibility that if these HSN1 viruses
continue to circulate, further human infection will occur, increasing
the potential for human-to-human transmission.

As found by Gilbert & Singenbergh? there is a high rate of H5N1
influenza virus infection in the domestic ducks in Vietnam region, and
the duck density has been strongly correlated with HSN1 outbreaks
in Thailand. Therefore, the role of the duck in the outbreaks should
be investigated further. For that, the molecular characterization of Al
HSNI1 virus from the ducks and infected poultry (i.e. dead poultry
from HPAI in Nepal) should be analyzed in coming years.

Conclusion

From the present study, it can be concluded that there is presence
of sero-prevalent cases among backyard ducks for avian influenza
type A subtype HS and H9 antibody in Nepal though they have not
been shown any symptomatic characteristics for the HPAI or LPAI
avian influenza infection.

For the detection of antibodies in the different species of ducks to
avian influenza A subtype HS5, H9 and H7; HI test was carried out.
It was further confirmed by using FLUDETETTM BE (Blocking
ELISA). Due to the easy operating procedures without sophisticated
equipments, HA/HI tests are suitable and feasible enough for the
surveillance purpose in developing countries like Nepal. In addition,
the Blocking ELISA is also found to be more sensitive and can be used
routinely provided the serum samples are in abundant. These tests are
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being less technical than molecular diagnosis and can be completed
within several hours.

Though HA/HI test can be applied to detect avian influenza A

subtype, it cannot be used to detect the neuraminidase type as well
as the virus’s molecular characterization for identifying the emerging
source.

Impacts

a.

b.

C.

The study shows evidence of sero-prevalent cases among
backyard ducks for avian influenza type A subtype H5 and H9
antibody in Nepal.

All the positive HS samples were from the month of December.

The role of domestic ducks represents a major risk for emergence
of AVI HS in Nepal.
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