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Influenza Surveillance system in India

* Integrated Disease Surveillance Program-
National Centre for Disease Control

* Department of Health Research- Virology
Research and Diagnostic Laboratory network

* |Indian Council of Medical Research-National
Institute of Virology (funded by GHSA)



IDSP Influenza network

e Originally started as
Avian Influenza (Al)
labs in 2006 post Al
outbreak in Nawapur.
12 regional labs

IDSP INFLUENZA NETWORK

e Use syndromic case
definition of ILI and
SARI

e Weekly reporting of
cases
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DHR-VRDL network
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Objective of influenza surveillance (1)

v’ Describe the seasonality of influenza.

v'Signal the start and end of the influenza
season.

v’ Identify and monitor groups at high risk of
severe disease and mortality.

v Establish baseline levels of activity for
influenza and severe influenza-related disease
with which to evaluate the impact and
severity of each season and of future
pandemic events.



Objective of influenza surveillance (2)

v Determine influenza burden to help decision-
makers

v’ Identify locally circulating virus types and
subtypes

v’ Assist in developing an understanding of the
relationship of virus strains to disease severity.

v’ Monitor antiviral sensitivity.
v’ Facilitate vaccine strain selection.
v’ Provide candidate viruses for vaccine production.



Influenza surveillance network
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Multi-site influenza surveillance network in India
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NIV, Pune
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Regional Centers/
Upgraded for
H5N1
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Influenza samples tested
and Virus isolated (2004 to 2008)

Specimen | No. of
Center Tested Isolates A(H3N2) | A(H1N1) | Type B
Total 13941 618 (4.4%) 185 172 261




Clinico-epidemiological characteristics

Multivariate analysis showed that chills /rigors,
cough, fatigue, and ILI in family had a significant
correlation with influenza positivity among ILI cases.
Overall, the male-to-female ratio of influenza
positives: 1.5:1

There was no statistically significant difference in the
influenza virus isolation rates among different age
groups.

Frequency of type B influenza was significantly higher
among children (<15 years) than among adults.

Such a difference was not observed for influenza A.
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Our data indicated that influenza activity continued in India,
with peak activity during the rainy season.

Influenza is the causative agent in at least 5% acute respiratory
infections.

Influenza A(H1N1), A(H3N2) and type B co-circulated in the
community.

Genetic analysis showed: all circulating strains in India were
similar to corresponding vaccine strains during 2004-08

Although Avian Influenza established in Poultry; no evidence of
human A (H5N1) infections

Multisite virological influenza surveillance in India:
2004-2008
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Influenza Surveillance in India: May 2009- 2014

_ Total (influenza
City e
positivity)
Srinagar 791/4560 (17.34%)
Delhi 836/6093 (13.7%)
Dibrugarh 467/3064 (16.0%)
Lucknow 557/4453 (13%)
Kolkata 781/5794 (13.5%)
Nagpur 305/2868 (10.6%)
Pune 998/5996 (16.6%)
Chennai 589/6203 (9.4%)
Vellore 534/3032 (17.6%)
Alappuzha 510/4885 (10.4%)
Total 8560/46948 (18.2%)



MSM Phase lI- Age group wise Influenza Positivity
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Peak circulation in different regions in India and vaccination timing

(Based on > 43,000 samples) | srinagar
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Referred hospitalized cases from January 2011- February 2018
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Pandemic influenza severity

e Cases positive for pandemic H1IN1 virus had significantly
higher risk of hospitalization than those positive for seasonal

influenza-A viruses (OR: 1.7).

e (Case fatality ratio 0.86% for pandemic H1IN1 was
significantly higher than that of seasonal-A (0.13%)

Pandemic Influenza (H1N1) 2009 Is Associated with
Severe Disease in India

Akhilesh C. Mishra*, Mandeep S. Chadha, Manohar L. Choudhary, Varsha A. Potdar

Results: Prevalence of pandemic HIN1 as well as seasonal-A cases were high in Pune urban agglomeration during the study
period. The cases positive for pandemic HIN1 virus had significantly higher risk of hospitalization than those positive for
seasonal influenza-A viruses (OR: 1.7). Of 93 influenza related deaths, 57 and 8 deaths from Pune (urban) and 27 and 1 death
from Pune (rural) were from pandemic HIN1 positive and seasonal-A positive cases respectively. The case fatality ratio
0.86% for pandemic H1N1 was significantly higher than that of seasonal-A (0.13%) and it was in category 3 of the pandemic
severity index of CDC, USA. The data on the cumulative fatality of rural and urban Pune revealed that with time the
epidemic is spreading to rural areas.

Conclusions: The severity of the HIN1 influenza pandemic is less than that reported for ‘Spanish flu 1918’ but higher than
other pandemics of the 20'™ century. Thus, pandemic influenza should be considered as serious health threat and

unprecedented global response seems justified.

Citation: Mishra AC, Chadha MS, Choudhary ML, Potdar VA (2010) Pandemic Influenza (H1N1) 2009 Is Associated with Severe Disease in India. PLoS ONE 5(5):
€10540. doi:10.137 1/joumnal pone.00 10540



Number of cases and death from 2011 to 2018
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High Risk Groups Persons: Recommended for
influenza vaccination

Health Care workers
Pregnant women.

Persons with chronic illnesses : Chronic
Obstructive Pulmonary Disease, Bronchial
Asthma, Heart disease, Liver disease, Kidney
disease, Blood disorders, Diabetes, Cancer,
Obese & immunocompromised individuals.

Children having chronic diseases
Elderly individuals (= 65 years of age)
Children between 6 months to 8 years of age.



Comparison of Indian Viruses & Vaccine strains



A/H1N1pdmO09

Phylogenetic analysis of HA gene of influenza

A/Pun/1312848/2013
A/PUN/1311968/2013
A/PUN/1312095/2013
AIPUN/138464/2013
A/Sri/132844/2013
A/Sri/134180/2013
A/PUN/131740/2013
A/Nag/1320058/2013
99 § A/Nag/1320061/2013

A/Del/136197/2013
A/Del/136188/2013
A/Nag/1218589/2012
A/LKW/132617/2012
AJAIR/1210448/2012
AJ/AIP/1210449/2012
A/AIP/1210446/2012
A/PUN/1338/2013
A/LKW/132621/2013
A/NLKwW/132620/2013
ASAIP/135124/2013
A/De/136199/2013
A/PUN/1341/2013
A/Sri/131670/2012

A/Sri/132838/2013
AJ/Sri/134179/2013

L IE AJAIP/132655/2012
A/Nag/1312707/2013
A/Nag/132465/2013

[— AJPUN/121717/2012

— A/PUN/121716/2012
A/PUN/121939/2012

994 [—
A/Pun/122023/2012

25 ANe/1112752/2011
0!-'— A/PUN/122059/2012
A/Pun/121788/2012
A/Nag/132467/2013

A/Sri/121253/2011
AJAIPp/128941/2012

AJAIP/I128942/2012
AJAIP/128943/2012
A/Pun/12946/2012
A/Kol/1213844/2012
A/Sri/131672/2012
A/PUN/1112343/2011
A/PUN/122639/2012
A/AIP/135425/2013
A/PUN/122090/2012

A/FPun/123148/2012
A/PUN/129932/2012

A/PUN/I121BITTT7T/I2012
A/Kol/1213845/2012
A/KoV1213849/2012
A/Kol/1213848/2012

@6

a3

A/DID/1053087/2009
-&mlbl‘l 053097/2009
A/Nag/116633/2011
A/RKOUT105774/2009
A/PUN/0953725/2009
A/Del/O951830/2009
A/Del/O951831/2009
A/Del/0951832/2009
A/Del/O951833/2009
A/AIPp/1028808/2010
AJAIR/1028798/2010
A/AIR/1028800/2010

100 '—
Ta7 1 A/AIP/1028816/2010
A/Del/O939739/2009

_: A/Del/O939742/2009

A/RKOVUI10ST7T77/2009
A/ alifornia/O7/2009(H1N1)

A/Ko1213850/2012

Vaccine Component
2009 isolates, 2010 isolates,
2011 isolates, 2012 isolates,

2013 isolates




A/H3N2

—gll] A/PuUun/1312120/2013
A/Del/136190/2013
A/VPuUNn/1310750/2013

— A/DIib/1318950/2013

— A/Pun/1221698/2012
A/DID/1318947/2013
————— A/KOU1317305/2013
A/Deli1319722/2013

AlTexas/S0/2012(H3N2)
49.,'_‘;— AL kwi134880/2013
AVKol/I134201/2013
—————— ASVictornas3s1/201T 1(H3N2)
AMKol/I1112691/2011
AKol/i134158/2013
ANag/1112228/2011
A/Del/I1115596/2011
A/KoOlI134152/2013
A/Pun/1110067/2011
A/DID/1113488/2011
AJAIPDI122219/2011
ADeli1115588/2011
AJDID/I1113493/2011
ANKOU1112696/2011
A/Koli134150/2013
AN kwi/1113815/2011
— A/Del/1115598/2011
AJAIPDI122213/2011
AKol/1112693/2011

———————— AJ/STri/128398/2012

—é\lche!1 112645/2011

AIChe/117526/2010
A/Del/0914867/2009
A/Che/139557/2013
AIChe/1216360/2012
AIChe/1063818/2010
AIChe/1063816/2010

A/Del/0942746/2009
A/Del/0942750/2009

A/Dell0914877/2009
A/Kol/0951718/2009
A/Dell0914870/2009

—— AJ/D/0942737/2009
A/Perthiv16/2009(H3N2)

AIChe/134543/2012

b A/Deli1319720/2013
ASAIPI1053114/2010

A/Pun/1019858/2010
A/Che/117532/2010

{4

A/Koll0954408/2009
A/Koll0954413/2009
AKol/0915170/2009

AIChe/117523/2010
AIChei/117495/2010

Vaccine Component

2009 isolates, 2010 isolates,
2011 isolates, 2012 isolates,
2013 isolates

—— AS/Brisbane/10/2007(H3N2)



Type B

e

—_— B/ Victoria/2/87

e

BIvVenr 12436 7/2012
B/ ans 12552 5,20 12
B uans 12256452012
EsSrvI212as/2012
B uans 1 22 ST 2012
ErNag/125S06/20 12
B/ 121280 1/2012
B/ wans1 11S0SS/201 1
B/ uans1023I525,2010
EB/i<oll 105S304S/20 10
BraapsiZzIZIi18/2012
EBr<olr1341S7/,2013
B/ wans/1 1 16S0Ss,201 1
B s 1112347 /20 11
Er<oWIiZI3Ss421/2012
Er<oll12Saa4asS/2012
Bl ks 1221 1 7302012
EBrDihs 11 18S30/201 1
B/l lkcwwr 1 11 8S0OSs20 11
EBrDibs1 1 18S28es20 11
ErNag/1 1122292011

B/ ei/1 1 1S5S0 1,201 3
B uans 1 1 1S5SSAa2/20 11
B uans/1 1 1SS 7S/201 1
ErDetr1 1156032608 11
B/ s 1029 3S5S6/2010
B/Ches/11 75S0Ss52010
BrChe/10638 15,2010
E/<ol/ 10532047 /2010
EBrvelr1 1 7078/2010

EBrChe/10632822/2010
EBrvels/11 70S3/2010

B/ Vel oS 2$120452009

— BrvVelr117076/2010
Ee/oIEes112187,2010
EBri<ol/10S3IOoOS3IN20 10
B w11 14A2a8,/201 1
Err<ol/104SS7S/20 10
E/DIESs 11219302010
EB/i<olr112443,2010
EB/Ivelr 11 706 1,2010
BrChe/117512,2010
SBr<ol10oaz2SSs8s2010
EB/i<olioSS52440S/200S
B/iChe/0OS2525/2009
EBri<ol/oOSa43SS8/200S

Brvelr10369S/2009
EB/i<ol/ 10456 79/,2010
BEr<oll 1045684/2010
E/<ol/ 10532 0449/2010
B/ 10247 7S/2010
EB/iChe/11 1262 7/,2011
B/ Che/1063S81S/2010
E/iChesr1 1S98/2010

B/rBrisbane/e60/20038

E/<ol/104SS 7 1/,2010

EB/<oty1053043/20 10
ool Br/r<owvsoszoss/zo1o

BIve 11703452010
B/Che/105201 772010
B/rChe/104245S5S61/2010
B/Che/1052016/2010

B/rChesI39SSEe2/2013
EB/i<ollr1 12452,2010

Vaccine components

2009 isolates, 2010 isolates,

=0

=>=

=

L= o
B/ VVisconsin/O1/2010 HA gene
B/IiDeVoOoS2606/200S

Ee/MNags/ 105202 1/2010
ErNagr116635,2010
B/ anrs 101588372010

o= B/ uans 101 SSo0S/2010

Bs/syamagatasiesi1o8s
B/Massachusetts/02/2012

AN 12 1S5S a7 7/20 12
B/ kw1 21852 1,20 12

BrDew 12208452012
EBr/Srari132es3v20 13

B/Florida/a4/2006

B/ uans/ 10634332010
12 aTaTIZ01

B uans 121411452012
E/DEsss 112 18S/ 2010

= EB/DEes1 12 19252010

2011 isolates, 2012 isolates,

2013 isolates




H1pdmO09 Hemagglutinin Neighbor-joining Phylogenetic Tree (n=80)

AlindialSri-1730298/2017 Aug P2
Alindia/lPun-1727844/2017 Jun P1
AlIndia/Sri-1730298/2017 Aug C
Alindia/Del-1741038/2017 Dec P2
A/India/Ahm-1841337/2017 Oct C
AlIndia/Pun-1730402/2017 Aug P1
Alindia/lJam-1740842/2017 Oct C
AlIndia/Sri-1842573/2017 Nov C
AlindialJam-1740834/2017 Sep C
Alindia/Aur-1727078/2017 May P1
Alindia/L.uc-1842484/2017 Aug C
Alindia/Ker-17293712017 May P2
Alindia/Bul-1727942/2017 Jun P1
Alindia/Ker-1729375/2017 Apr P2
AlIndia/Pun-1728697/2017 Jul P1
Alindia/Pun-1726361/2017 Apr P3
Alindia/Kol-1730217/2017 May P1
AlindialJai-1726921/2017 Apr C
AlIndia/Kol-1741036/2017 Sep P1
31_':AllndialChe-1 722045/2017 Feb P1
AlIndia/Raj-1725726/2017 Apr P1
Alindia/Jai-1726918/2017 Apr C
Alindia/Nan-1721957/2017 Feb P1
8 Alindia/Ahm-1725707/2017 Mar P1
84— AlIndia/Pun-1726441/2017 May C
Alindia/Pun-1720845/2017 Jan P1
— Alindia/Raj-1725717/2017 Mar P1
Alindia/Hyd-1725803/2017 Apr P1
Alindia/Che-1619573/2016 Dec P1
82 Alindia/Ahm-1725712/2017 Mar P1
Alindia/Ker-1729368/2017 May P2
Alindia/Che-1619574/2016 Dec P1
Alindia/Sol-1726612/2017 Feb C
80! A/lndia/Sol-1726613/2017 Mar C
—— AlIndia/Che-1722640/2017 Jan P1
AlindialJai-1726923/2017 Apr C
Alindia/Pun-165002/2016 Apr P2
AlIndia/Sri-1728628/2017 Mar C
AlIndia/Pun-164183/2016 Mar P2
A/Michigan/45/2015
Alindia/Pun-161819/2016 Feb P2
AlIndia/Sol-167506/2016 Mar P1
Alindia/Pun-161674/2016 Feb P2

7

A/California/07/2009_Vaccine

—
0.002

Clade
6B.1
S84N

S162N
1216T

Vaccine strain for northern hemisphere 2017-18

2017 Strain
2016 Strain

A/Michigan/45/2015

Pune-18
Srinagar-12
Chennai-11
Jaipur-08
Ahmedabad-07
Lucknow-05
Kolkata-05
Kerala-04
Jammu-03
Solapur-03
Delhi-02
Hydrabad-02
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H3 Hemagglutinin Neighbor-joining Phylogenetic Tree (n=23)

AlIndia/Pun-1738050/2017 Sep P1
Alindia/Pun-1733862/2017 Sep P3
AlIndia/Pun-1733873/2017 Sep P2
AlIndia/Del-1741143/2017 Sep C
Alindia/Del-1741146/2017 Oct C
AlIndia/Pun-1733370/2017 Sep P1

AlIndia/Pun-1736032/2017 Oct P3

AlIndia/Sri-1739930/2017 Oct P2
AlIndia/Sri-1842563/2017 Dec C
AlIndia/Pun-1733135/2017 Sep P1
Alindia/Pun-1732835/2017 Sep P1
AlIndia/Sri-1842584/2017 Dec C
AlIndia/Che-1740989/2017 Sep P1
A/India/Dib-1741037/2017 Oct P1

AlIndia/Pun-1736023/2017 Oct P2
Al/India/Che-1740987/2017 Sep P2

98

AlIndia/Sri-1842580/2017 Nov C
AlIndia/Sri-1842564/2017 Dec C
AlIndia/Sri-1739944/2017 Oct P1
AlIndia/Sri-1739927/2017 Oct P2
AlIndia/Sri-1842577/2017 Nov C
AlIndia/Sri-1842552/2017 Nov C
——— A/Singapore/INFIMH-16-0019/2016
A/Maryland/23/2016 ]3C.2a2

A/Michigan/15/2014 ]3C.2a
A/Louisiana/39/2013 ]3C.2b

3 A/Texas/83/2016 _]3C.3a
s| ————A/Texas/50/2012 ]3C.1

73 A/New York/39/2012 ]3C.3
38

A/India/Pun-1732610/2017 Sep P2

Clade
3C.2al
N171K

A/Pennsylvania/09/2015 ]3C.3b

Vaccine Strain-2018
A/Singapore/
INFIMH-16-0019/2016

2017 Strain

Clade
3C.2a
N121K
N144S
F159Y




Influenza B Hemagglutinin Neighbor-joining Phylogenetic Tree (n=22)

{BllndiaIPun-1 65324/2016 Apr C

B/India/Pun-1615284/2016 Sep C Vaccine strain.Victoria lineage-2017-18 B/
- B/india/Pun-165275/2016 Mar C Brisbane/60/2008
B/India/Pun-168943/2016 Aug C Vaccine Strain Yamagata Lineage-2017-18
— B/India/Sri-1728566/2017 Apr P1 B/Phuket/3073/2013

B/India/Sri-1728563/2017 Apr P1
B/India/Sol-1722063/2017 Jan P1
- B/India/Pun-169051/2016 Feb C VA 2017 Strain
B/India/Pun-1613658/2016 Aug C 2016 Strain
— B/India/Pun-1721267/2017 Jan P2
LBIIndiaIPun-161 5279/2016 Sep C

B/India/Sri-1728562/2017 Apr P1
10|~ B/India/Pun-1613657/2016 Aug C

- B/India/Pun-169648/2016 Aug C

. - B/Mississippi/02/2017
B/B

risbane/60/2008

—— B/Montana/05/2012 |V1B
——— B/Victoria/2/87
—— BlYamagata/16/1988

90 B/Massachusetts/02/2012

B/Florida/4/2006 :| Massachusetts Clade

—— B/Wisconsin/01/2010
B/india/Pun-161455/2016 Sep C
B/Phuket/3073/2013
B/india/Pun-161483/2016 Sep C
B/india/Pun-1733594/2017 Sep C Wisconsin Clade
B/india/Pun-1734293/2017 Sep C Phuket Sub Clade
Blindia/Pun-1734843/2017 Oct C
B/india/Sol-1738055/2017 Oct P1
B/india/Pun-1740545/2017 Dec P1 |

100

95




Antiviral Susceptibility testing: Molecular
methods (2012-2017)

Virus Subtype No of Samples Resistant

Allelic Discrimination for H274Y marker by real time RT PCR

A(H1N1)pdm09

Referred & Surveillance Clinical - 3497 12(H274Y)



A(H1N1)pdm09 samples tested by allelic discrimination RT-PCR
for H274Y mutation to detect Oseltamivir resistance

Total Tested | Sensitive | Resistant __

1012 1006 Maharashtra:4
Delhi: 2
Total: 6

Influenza isolates tested by NAI phenotypic assay to
detect Oseltamivir resistance

Influenza Total Tested Sensitive
isolates

H1N1pdmO09
H3N2 45 45 0
Influenza B 19 19 0



Sharing of data and isolates

NIC, India has been sharing isolates with the
CC at CDC, Atlanta.

Over 800 isolates have been submitted in the
last 15 years.



