Current Microbiology (2021) 78:2753-2761
https://doi.org/10.1007/500284-021-02520-x

=

Check for
updates

Widespread Prevalence of Antibodies Against Swine Influenza A (pdm
H1N1 09) Virus in Pigs of Eastern Uttar Pradesh, India

Dhanapal Senthilkumar'® . Diwakar D. Kulkarni' - Govindarajulu Venkatesh' - Vandana Gupta' - Priyanka Patel’ -
Manu Dixit' - Bharti Singh' - Sandeep Bhatia' - Chakradhar Tosh' - Shiv Chandra Dubey’ - Vijendra Pal Singh'

Received: 22 September 2020 / Accepted: 26 April 2021 / Published online: 26 May 2021
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2021

Abstract

Swine influenza virus (SIV) belongs to family Orthomyxoviridae and can cause acute respiratory infection in pigs. Several
pandemic HIN1 human fatal influenza cases were reported in India. Though pigs are predisposed to both avian and human
influenza virus infections with the potential to generate novel reassortants, there are only a few reports of SIV in Indian pigs.
We conducted a serological survey to assess the status of HINT1 infection in pigs of various states in India, between 2009 and
2016. Based on Haemagglutination inhibition (HI) assay, seroprevalence rate of HIN1 virus ranged between 5.2% (2009)
and 36.3% (2011). Widespread prevalence of antibody was observed in eastern Uttar Pradesh from 6.2 to 37.5% during the
study period. Co-circulation of seasonal HINT1 virus along with pandemic HIN1 virus was indicated by the presence of
specific antibodies against seasonal HIN1 virus in eastern part of Uttar Pradesh. Seroprevalence rate in pigs and influenza
infection trend in human shows the possible spill over transmission of influenza to pigs from human. Hence, besides sero-
logical surveillance, continuous and systematic molecular surveillance should be implemented in pig population to reduce/

quantify the risk and emergence of pandemic influenza.

Introduction

In early April 2009, there was an outbreak of HIN1 influ-
enza A detected in Mexico [1], spreading to many coun-
tries. It was declared as pandemic influenza by World Health
Organization (WHO) in June 2009 [2]. Since 2009, pan-
demic influenza HINT1 has been also reported in various
states of India [3]. Pig plays an important role in epidemiol-
ogy and transmission of influenza virus due the presence of
sialic acid (SA) linked to galactose (Gal) by a-2,3 linkage
(SA a-2,3-Gal) and a-2,6 receptors (SA a-2,6-Gal) for both
avian and mammalian influenza viruses, respectively [4, 5].
The assessment of antibodies for swine influenza in pigs
is needed due to its susceptibility to both avian and mam-
malian influenza viruses and its involvement in interspecies
transmission [6].

Swine influenza is an acute respiratory infection with pro-
duction losses in pig population that is reported worldwide.

P< Dhanapal Senthilkumar
senvetpath@gmail.com

Present Address: ICAR—National Institute of High Security
Animal Diseases, Anand Nagar, Bhopal, Madhya Pradesh,
India

The disease is caused by type A influenza virus, belong-
ing to family Orthomyxoviridae, genus Influenza virus [7,
8]. Besides morbidity and production losses, maintenance
and evolution of influenza viruses in pigs pose obvious
public health risk. There are reports of circulation of clas-
sical swine HINT1 viruses in pigs for at least 84 years [9].
The emergence of novel influenza viruses with pandemic
potential to human population is known to be mediated by
antigenic shift in domestic pigs (as a mixing vessel) [10].
All three pandemics of the previous century were believed to
originate from reassortment events in either pigs or humans.
Co-circulation and mixing of the triple reassortant H3N2
with swine lineage and emergence of pandemic swine origin
influenza virus is reported since 2009 [11-14]. Transmission
of 2009 pandemic HINT1 virus from humans to pigs (reverse
zoonosis) has also been reported in many countries, includ-
ing India [15-20]. Hence, monitoring of pig population is
essential to predict the status and epidemiology of influenza
in humans.

There are very few studies of influenza in pigs from India.
Serological evidence of swine influenza (HIN1) virus in
pigs was reported in 1981 from Andhra Pradesh, West Ben-
gal and Uttar Pradesh [21]. After the emergence of pan-
demic HINT in 2009, there was a report confirming the
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isolation of influenza HIN1 virus from Indian pigs sharing
the close homology with human pandemic HIN1 2009 virus
[15]. Another study reported the seroprevalence of 37% of
pandemic HIN1 (pdm HIN1 2009) antibodies in abattoir
specimen of pigs in Maharashtra and Gujarat [22]. Since
2009, there were continuing outbreaks of swine influenza
in humans in India. Pig farming in India is semi-organized,
and intermingling of pigs with other species helps in mainte-
nance of virus circulation and emergence of novel influenza
viruses. Considering the importance of monitoring swine
population, this study was conducted to assess the antibody
level against swine influenza A (pdm H1N1 2009) in Indian
pigs from 2009 to 2016.

Materials and Methods
Samples

A total of 2632 porcine serum samples, nasal swabs
(n=2001) received / collected from pigs of organized and
backyard farms from various states of India during May
2009-February 2016 were tested to assess the status of
HINTI influenza virus infection. Pigs sampled were mostly
from backyard holdings, stray animals with different age var-
ying from young to adult, besides pigs of organized sectors.
Due to biosafety concerns, permissions for sampling were
obtained and samples were collected by concerned veteri-
narians. Nasal swabs were collected using moistened cotton
swabs in sterile PBS, stored at 4 °C and transported using
storage containers. Whole blood was collected by anterior
vena cava or ear vein puncture, followed by serum separa-
tion, and stored at — 20 C.

As a national referral laboratory, we received samples
from various states of India based on outbreaks in the human
and pig population. Samples received were mostly from
stray/backyard pigs from villages, the remaining samples
were collected from organized farms near to urban areas.

Viruses and Sera

Strain A/swine/India/220966/2009 (HIN1) similar to A/
Kansas/22/2009 (HIN1) of lineage A (pdm09) influenza
virus were used from NIHSAD Repository, and seasonal
HINI1 virus similar to A/New Caledonia/20/1999 were
obtained from influenza virus repository of National Insti-
tute of Virology, Pune, India. Viruses were propagated in
Specific Pathogen Free (SPF) embryonated chicken eggs
once to ascertain Haemagglutination (HA) titre. Handling
of virus, biological samples, HA and Haemagglutination
inhibition (HI) assay, were performed in biosafety level 3
containment laboratory at NIHSAD, Bhopal, in conformity
with the institute biosafety guidelines. Animal experiments
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were conducted with Institute Animal Ethics Committee’s
approval (IAEC. No. 45/IAEC/HSADL/10).

In the current study, antisera were raised against (HIN1)
influenza virus (A/swine/India/220966/2009) in SPF chick-
ens after inactivation. Briefly, virus was formalin-inactivated
and checked for inactivation by embryonated chicken egg
inoculation for three blind passages followed by HA test to
confirm the inactivation. Emulsion prepared by mixing inac-
tivated virus with 28 HA titre with Freund’s complete adju-
vant at the ratio of 1:1, 0.5 ml was injected intramuscularly
at multiple sites, followed by booster dose with Freund’s
incomplete adjuvant after 21 days of primary dose. Serum
collected after 7 days of booster was tested by HI assay and
used as positive control sera for following HI tests.

Serological Tests
Swine Influenza (H1N1) Antibody ELISA

All serum samples were inactivated at 56 °C for 30 min
and were adsorbed with packed chicken red blood cells for
60 min at room temperature prior to testing. Initially, serum
samples were tested by using commercial ELISA kit. Once
the HI assay was established, it replaced the ELISA due
to the specific detection of HIN1 antibodies. Commercial
ELISA kit (The HerdChek Swine Influenza HIN1 Antibody
test Kit (IDEXX Laboratories, Inc., USA) was used to detect
antibodies against H1 SIV HAs according to the manufac-
turer’s instructions. Briefly, the samples were tested in dupli-
cates with kit positive and negative controls and samples
with an S/P ratio (net optical density of test sample/net opti-
cal density of positive control) equal or greater to 0.4 were
considered positive for antibody against HIN1 virus.

Haemagglutination Inhibition Assay (HI)

All serum samples were inactivated at 56 “C for 30 min to
remove non-specific serum inhibitors. HI assay was carried
out in accordance with Office International des Epizooties
guidelines [23]. For serologic surveillance, virus strains A/
swine/India/220966/2009 (HIN1) (pdmHIN1 2009 like)
and A/New Caledonia/20/1999 (classical HIN1) were used
as test antigens, SPF chicken raised antisera was used as
positive control for each assay. Briefly, 50 ul of PBS was
dispensed to each row. Two-fold serial dilutions of 25 pl of
serum samples were carried out. 25 ul of 4 HA units of virus
was mixed in microtiter plates and incubated at room tem-
perature for 30 min. 25 ul of 1% chicken RBCs was added to
each well and incubated after shaking at room temperature
for 30 min. The reciprocal of the highest serum dilution that
completely inhibits haemagglutination reaction was deter-
mined as HI antibody titre. Antibody titres less than or equal
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to 20 were considered negative; greater titres were consid-
ered positive [24].

Serologic Cross-Reactivity Between Seasonal HIN1
and Pandemic HIN1

Randomly selected serum samples were tested for HI activ-
ity against seasonal HIN1 influenza virus similar to A/New
Caledonia/20/1999 and A/swine/India/220966/2009 (HIN1)
similar to (A/Kansas/22/2009(H1N1)) of lineage A (pdm09)
influenza virus. The mean geometric HI titre was calculated
to assess the statistical significance.

Virus Isolation

According to the Office International des Epizooties (OIE)
recommended protocol [23], isolation of virus was carried
out in 9—11 days old embryonated chicken eggs. Nasal swabs
were vortexed for 1 min and centrifuged at 2000 g for 15 min
at 4 °C. The samples were pooled so that each pool consisted
of five samples originating from the same location/farm of
collection. Pooled samples were treated with 2X antibiotic
(streptomycin 10,000 units/ml and penicillin 10,000 units/
ml) for one hour at 37 °C prior to inoculation in SPF chicken
embryos.

Isolation was attempted by inoculating 200 ul of each
pooled sample into amnio-allantoic cavity of three SPF
embryonated chicken eggs incubated at 37 ‘C. Amnioallan-
toic fluid (AAF) was harvested after death of embryo or after
5 days of incubation and tested for the presence of influenza
A virus by HA test. HA-positive AAF samples were fur-
ther subjected to characterization of Influenza A virus. Each
sample was processed for 3 blind passages before declaring
them negative.

Statistical Analysis

HI titres were expressed as reciprocal of highest serum dilu-
tion, and geometric mean titre was calculated for each ani-
mal from duplicate. Prevalence rate, 95% confidence inter-
val (CI) with upper and lower limits based on Asymptotic
(Wald) method for normal approximation, was calculated
using epitools software (http://epitools.ausvet.com.au.). Sta-
tistical analysis (Independent ¢ test and sample ¢ test between
percents) was performed using Statistical Package for Social
Sciences (SPSS 16.0).

Results

A total of 1151 out of 2632 sera (43.73%) were tested by
HerdChek Swine Influenza HIN1 Antibody test kit for the
initial two years of the study (2009 and 2010). State wise
prevalence based on ELISA is presented in Table 1. The
prevalence rate was 16.1%, (12.9, 19.3) with confidence
interval of 95% during the year 2009, whereas in 2010, it
increased to 41.7%, CI (38.3, 46.1) based on ELISA.

All 2632 sera received/collected were also tested by HI
assay. State wise seroprevalence of HIN1 antibodies from
May 2009 to February 2016 is given in Table 2 and depicted
in Fig. 1. The trend of prevalence rate was 5.2%, CI (3.3,
7.2) in 2009, and it increased to 18.9%, CI (15.6, 21.7) in
2010, reaching peak in 2011 as 36.3% with CI (31, 41.7).
Afterwards, it was reduced to 29.1%, CI (23.9, 34.3) in 2012,
20.8%, CI (17.1, 24.5) in 2013 and again increased to 32.4%,
CI (25.6, 39.2) in 2014. From 2015 to February 2016, the
prevalence rate reduced drastically to 8.9%, CI (5.3, 12.5).

Based on the receipt of samples, pig population and
density, different districts (Gorakhpur, Deoria, Siddharth
Nagar, Basti, Kushinagar, Maharajganj, and Kanpur) of

Table 1 Serum samples tested for HIN1 swine influenza antibodies by ELISA

S. No State No. of sera 2009 2010
tested by ELISA

No. of No. of % ELISA+ve  No. of No. of % ELISA 4 ve

serum tested serum+ ve serum tested serum+ ve
1 Andhra Pradesh 61 16 10 62.5 45 38 84.4
2 Assam 60 0 0 0 60 19 324
3 Himachal Pradesh 2 2 0 0 0 0
4 Madhya Pradesh 447 246 28 114 201 37 18.4
5 Maharashtra 5 3 1 333 2 0 0
6 Meghalaya 65 39 0 0 26 8 30.8
7 Nagaland 8 8 0 0 0 0 0
8 Odisha 74 64 6 9.4 10 0 0
9 Tamil Nadu 73 9 1 11.1 64 43 67.2
10 Uttar Pradesh 356 110 34 30.9 246 128 52
Total 1151 497 80 16.1 654 273 41.74
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Table 2 Serum samples tested by haemagglutination inhibition (HI) assay for HIN1 antibodies (2009-2011) and (2012-2016)

S. No State No. of sera tested 2009 2010 2011
by HI assay e . .
No. of % HI Positive ~ No. of % HI Positive ~ No. of % HI Positive
Serum Serum Serum
tested tested tested
1 Andhra Pradesh 61 16 37.5 45 15.6 0 0
2 Assam 60 0 0 60 11.7 0 0
3 Himachal Pradesh 2 2 0 0 0 0
4 Madhya Pradesh 458 246 4.9 201 10.0 11 45.5
5 Maharashtra 19 3 0 2 0 14 14.3
6 Meghalaya 65 39 0 26 7.7 0 0
7 Nagaland 8 8 0 0 0 0 0
8 Odisha 74 64 1.6 10 0 0 0
9 Tamil Nadu 73 9 0 64 28.1 0 0
10 Uttar Pradesh 642 110 6.4 246 26.4 286 37.1
Total 1462 497 5.2% 654 18.9% 311 36.3%
S.No State No. of Sera 2012 2013 2014 2015 —up to Feb. 2016
tested by HI - - - —
assay No. of % HI Posi-  No. of % HI Posi-  No. of % HI Posi-  No. of % HI Positive
Serum tive Serum tive Serum tive Serum
tested tested tested tested
1 Madhya 418 62 25.8 310 12.0 0 0 46 0
Pradesh
Punjab 6 0 0 0 0 0 0 6 66.7
3 Uttar 748 230 30 152 37.5 182 324 184 9.24
Pradesh
Total 1170 292 29.1 452 20.8 182 324 236 8.9

Uttar Pradesh were selected for further analysis. Seropreva-
lence rate of HIN1 antibodies among pigs during the year
2009 to 2016 of selected districts of Uttar Pradesh is shown
in Fig. 1 and Table 3. The sero-prevalence was evidenced in
all places sampled in eastern Uttar Pradesh, whereas highest
prevalence was observed in Kanpur followed by Gorakhpur,
Deoria and other districts. The trend of infection through
2009 to 2016 showed a drastic reduction in prevalence rate
during January 2015 to February 2016 (Fig. 2).

Randomly selected serum samples (192) of three selected
districts (Gorakhpur, Deoria and Kushinagar) were also
tested for antibodies against seasonal human HIN1 influ-
enza virus. The mean geometric HI titre against seasonal
HINT1 virus (13.72), swine HIN1 (pdm) 2009 (152.22) with
significant (P <0.001) difference of 138.5 was observed dur-
ing 2010-2011. Around 14.3% of tested samples showed HI
activity only against seasonal HIN1 with geometric mean HI
titre of 24.68 and no HI activity against pdm HIN1 (2009)
virus.

To assess the chance of reverse zoonotic transmission
from human to pigs, the trend in human influenza (HIN1)
infection was compared using WHO database (https://extra
net.who.int/sree/Reports?op=vsandpath=/WHO_HQ_Repor
ts/G5/PROD/EXT/Influenza%20Surveillance). The antibody
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prevalence in pigs and the number of human influenza cases
reported is depicted in Fig. 2.

A total of 391 nasal swabs from organized and 1610
from backyard piggeries were attempted for virus isolation
in embryonated chicken embryos. In December 2009, two
HINI1 viruses were isolated from pigs of an organized farm
in Tamilnadu. The isolates were confirmed by haemagglu-
tination assay, followed by HI assay against HIN1 specific
reference antisera and by sequencing (data not shown).

Discussion

Swine influenza is a highly contagious respiratory disease
in pigs with low mortality but high morbidity with produc-
tion losses. Pigs possess both avian and human influenza
receptors; hence, it poses a major public health threat in
evolution of novel reassortant strains and transmission to
humans [5, 12, 24]. In 2009, a new triple reassortant virus
with pandemic potential spreads rapidly worldwide. In
India, 31,974 pandemic HIN1 Influenza cases had been
reported with 1895 human death as per March 2015 report
of the Health Ministry [25]. Interestingly, transmission
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of pandemic HIN1 from humans to pigs (reverse zoono-
sis) has been reported in many countries, including India
[15-20].

The prevalence and status of pandemic HIN1 in pigs can
be better judged by sero-epidemiology, which provides valu-
able information on infection and risk posed by pig handlers.
In India, pig husbandry is mostly semi-organized or back-
yard with intermingling of chicken, ducks and other poultry
and provides every opportunity to evolve reassortant viruses
by crossing the species barrier. Previously, a study on sero-
logical prevalence in Indian pigs showed 37.8% positivity for
HIN1 Pdm 2009 virus infection based on samples collected
from abattoirs of two states during May to August 2011 [22].
The study was limited to short period and region; moreover,
sample collected from animals sent to abattoir were mostly
adults. The clear picture, trend of prevalence can be evinced
by surveillance in farm, backyard and stray pigs for a course
of period. Therefore, a seroprevelance study on HIN1 and
avian influenza viruses was carried out in pigs to assess the
public health risk. To the best of author’s knowledge, there is
no report of seroprevalence study against swine origin pdm
HINT 2009 at farm and backyard piggery in India.

Serological evidence of pdm HIN1 infection in pigs has
been earlier documented in many countries like Vietnam
[26], Thailand [27], Combodia [28], Italy [29], Brazil [18,
30], Srilanka [31], India [22], China [32], Luxemburg [33]
and Norway [19]. In the present study, the trend of pdm
HINT antibody prevalence in pigs (selected randomly) of
various states of India was found to be increased constantly
from 2009 to 2011 which indicated the constant circulation
amongst swine population. Whereas, during 2015 to Febru-
ary 2016, 236 serum samples were tested, the prevalence
rate was only 8.9%, indicating lower infection rate of HIN1
pdm 2009 like virus in pigs or which could be overtaken by
antigenically different HIN1 strain circulating in human in
India as reported by Tharakaraman and Ram (2014) [34].
Around 25% of sera tested during the study period showed
high HI titre more than or equal to 256 indicating repeated
infection of pdm HIN1 virus in pigs.

During second half of 2011 and 2014, two peaks of A
(HINT1) pdm 2009 antibody detection (Fig. 2) were observed
in pigs. In late 2015, there was a drastic fall in seroprev-
alence rate, the trend clearly correlates with human pan-
demic waves reported in 2009-2011, early 2015 and very
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Infection trend of A (pdm H1N1 2009) in human and pigs
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Fig. 2 Distribution of percentage of serum samples positive for influ-
enza A (pdm HIN1 2009) antibodies and number of human cases
reported. Right Y axis represents the percentage of swine serum sam-
ples seropositive for influenza A (pdm HINI 2009) and left Y axis

few cases in 2016 in India [Global Influenza Surveillance
and Response System, World Health Organization (WHO)].
(https://extranet.who.int/sree/Reports?op=vsa&path=/
WHO_HQ_Reports/G5/PROD/EXT/Influenza%20Surveill
ance). Raise in number of human influenza infection was
followed by antibody prevalence rate in pigs, indicating
the possible reverse zoonosis (transmission from human to
pigs), as also reported earlier in other countries.

Some of the districts of Uttar Pradesh were selected based
on sample availability for further detailed study. The preva-
lence rate of eastern Uttar Pradesh also showed similar trend
as that of overall prevalence of pdm HIN1 antibodies. In
January 2015 to February 2016, the antibody prevalence was
reduced drastically between 7 and 11% indicating absence
of fresh exposure to pandemic HIN1 virus and waning of
antibodies in already exposed animals.

Randomly selected serum samples collected in 2010 and
2011 were tested for antibodies against human seasonal
HINI influenza A virus as well. Mean geometric HI titre
against pdm HINI virus was 152.22, indicating repeated
and constant circulation of virus in the population during
this period. All pdm HIN1 antibody positive serum showed
HI activity against seasonal HIN1 virus with significantly
(P<0.001) lesser mean geometric titre (13.72) and could be
due to cross-reactivity and antigenic variations as reported
earlier [34].

2013 2014 2015 2016
~o—A(pdm H1N12009) antibody (%) in pigs

represents the number of human cases reported. [Source: Global
Influenza Surveillance and Response System, World Health Organi-
zation (WHO)]

Around 14.3% of tested samples showed HI activity only
against seasonal HIN1 virus, indicating the co-circulation
of both viruses in the same swine population. Co-circulation
could also be due to spill-over infection from human cases,
as it was clearly indicated by a report of around 200 human
cases of seasonal influenza A (HINT1) in 2009 and 2010 from
India [Global Influenza Surveillance and Response System,
World Health Organization (WHO)]. There are reports
showing the reassortment of endemic swine influenza with
pandemic HIN1 virus [35-39]. Hence, co-circulation of
seasonal and pandemic HIN1 virus over a period may lead
to evolution of reassortant viruses with pandemic potential.

Despite high antibody prevalence, our attempts to isolate
virus from nasal swabs resulted in only two positive isolates
from an organized farm (representing only 0.5%). Low virus
detection/isolation from nasal swabs was also reported ear-
lier [30, 40]. We received many unfrozen samples in our
laboratory due to logistics, which might also be the cause for
low virus isolation. Apart from this, virus isolation could be
successful from the nasal or pharyngeal secretions collected
during acute febrile phase which is difficult in influenza,
which is mostly mild or asymptomatic in pigs.

This study presents the widespread serological prevalence
of pdm HIN1 2009 like virus with chance of co-circulation
of seasonal HIN1 in Indian pigs. Widespread HIN1 pdm
2009 infection could be by reverse zoonosis from human,
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indicating changed epidemiology of influenza in Indian
swine population and should be monitored constantly for
emergence of novel HIN1 reassortant strains of public
health importance. Pigs also can be utilized as sentinels
to provide useful information on influenza virus circulat-
ing in human population. Besides serological surveillance
of influenza virus, an improved and continuous molecular
surveillance programme is urgently needed in pig population
to study the evolutionary changes in genetic components,
reassortment which may pose great threat to public health.
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