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Abstract 
Introduction: Influenza is an RNA virus that belongs to the Orthomyxoviridae family. It causes a highly contagious acute respiratory illness, 

has been recognized since ancient times, and is a major health threat throughout the world. An outbreak of influenza-like illness (ILI) was 

reported from Alappuzha district of Kerala State between late June and July 2011. This investigation was conducted to determine the clinical 

picture, causative agents, and epidemiological characteristics of the illness. 

Methodology: The World Health Organization (WHO)’s case definition for ILI was followed throughout the investigation. Nasal or throat 

swabs were collected from 204 suspected patients. Real-time reverse transcription polymerase chain reaction (RT-PCR)-based diagnosis was 

performed to detect influenza A and B viruses and their subtypes. Madin-Darby canine kidney (MDCK) cell line was used for virus isolation. 

One-step RT-PCR was performed to amplify the HA1 gene of influenza A(H3N2). The amplicons for the HA1 gene of influenza A(H3N2) 

were sequenced, and phylogenetic analysis was done. 

Results: Analysis of the data revealed that 96 (47.05%) of the 204 respiratory specimens collected were influenza A(H3N2) and only 6 

(2.94%) were A(H1N1)pdm09. Phylogenetic analysis revealed that the isolated A(H3N2) was closely related to the 2012–2013 northern 

hemisphere vaccine strain (A/Victoria/361/2011/H3N2). 

Conclusions: An influenza A(H3N2) outbreak was confirmed in Alappuzha district of Kerala state with a co-circulation of A(H1N1)pdm09. 

No substantial difference in the sequence was observed in the etiological agent, and the virus was found to be sensitive to oseltamivir. 

 

Key words: India; influenza A(H3N2); influenza-like illness; influenza virus; Kerala; outbreak. 
 
J Infect Dev Ctries 2015; 9(4):362-367. doi:10.3855/jidc.5723 

 
(Received 08 August 2014 – Accepted 05 February 2015) 

 

Copyright © 2015 Peter et al. This is an open-access article distributed under the Creative Commons Attribution License, which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited. 

 

Introduction 
Influenza is an RNA virus that belongs to the 

Orthomyxoviridae family. It causes a highly 

contagious acute respiratory illness, has been 

recognized since ancient times, and is a major health 

threat throughout the world [1]. The influenza A virus 

undergoes minor antigenic changes from year to year 

and may also undergo a major change, termed an 

antigenic shift, which can cause a pandemic [2,3]. 

Recently, many countries experienced resurgent 

outbreaks due to H1N1 influenza A pandemic of 2009 

(A(H1N1)pdm09) [4].In India, the first confirmed case 

of A(H1N1)pdm09 was reported on 16 May 2009 [5]. 

The influenza A(H3N2) virus responsible for the 1968 

influenza pandemic is also a major cause of morbidity 

and mortality worldwide [6]. Co-circulation of both 

A(H1N1)pdm09 and influenza A(H3N2) viruses have 

been detected in various parts of Asia, Europe, and 

North America [7]. In India, the activity of influenza 

A(H3N2) was reported from the states of Maharashtra, 

Andhra Pradesh, Kolkata, and other regions [8]. Even 

though several studies have documented the endemic 

transmission of influenza A(H3N2) in India, no data 

have been published from the southern states of India 

such as Kerala. 

In view of the public health importance, the Indian 

Council of Medical Research (ICMR) in collaboration 

with the Centers for Disease Control and Prevention 

(CDC) established a network of systematic 

laboratories to monitor the activities of influenza 

viruses. The Kerala Unit of the National Institute of 

Virology (NIV), a branch of the National Institute of 

Virology, Pune, was included in this network in 2010. 

This networked surveillance system collects 

epidemiological data and clinical specimens from 

patients presenting for influenza-like illnesses (ILIs). 

Through this surveillance network, clusters of 

respiratory illness in various settings are detected, and 

a global snapshot of influenza trends, particularly 

regarding circulating and emerging strains, is 

developed.  
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Through this surveillance, we detected an ILI 

outbreak in Alappuzha, Kerala. We report here the 

findings of the investigations conducted to confirm the 

etiology of the illness. 

 

Methodology 
Study area and setting 

Kerala lies at the southern end of the Indian 

peninsula and has a population of 33.38 million (2011 

census). The population studied lived in Alappuzha 

district of the state of Kerala. Alappuzha is a district 

with the Arabian Sea on the west, and a vast network 

of backwaters, lagoons, and freshwater rivers 

crisscrossing the land (Figure 1). The district lies 

between 9°5' north latitude and 76°17' and 76°44' east 

longitudes. The total geographical area is 1,414 km
2
, 

and the district has a coastline of 82 km. This district 

has a population of 2,127,789, with 1,013,142 men 

and 1,114,647 women.The economy of the district is 

based predominantly on agriculture and marine 

products. Owing to its proximity to the sea, the climate 

of Alappuzha is humid and hot during the summer. 

The region experiences a long monsoon season with 

heavy showers, as both the southwest and northeast 

monsoons influence the weather of Alappuzha. The 

southwest monsoon affects the climate in between the 

end of May to September. On the other hand, the 

northeast monsoon brings rain from October to 

November. Alappuzha has a government Medical 

College Hospital and many primary health centers. 

The NIV Kerala Unit, an influenza surveillance 

network regional centre, is situated in the Medical 

College Hospital Complex of Vandanam, Alappuzha. 

The unit has six sentinel sites in different parts of the 

district; samples were collected from the outpatient 

wards of all sentinel hospitals. 

 

Case definition of ILI 

Cases were defined as ILI in patients presenting 

with sudden onset of fever > 38°C or history of sudden 

onset of fever in the recent past (less than three days), 

cough, or sore throat and/or rhinorrhea in the absence 

of other diagnosis [9]. 

 

Meteorological data 

Meteorological data were collected from the 

government meteorological department of Kerala. 

Monthly data were collected for average rainfall for 

the entire year, including monsoon and other seasons. 

 

Ethical clearance 

Protocols and measures used in the study were 

reviewed and approved by the institutional ethical 

committee of the National Institute of Virology, India, 

in accordance with the ethical standards of the 

Declaration of Helsinki. The outbreak was 

investigated as a part of the surveillance program. 

Written consent from participants was obtained before 

collection of the respiratory specimens. 

 

Description of the outbreak 

There was a sharp increase in the number of ILI 

patients in one of the sentinel hospitals in the district. 

All patients were extremely exhausted, and the 

majority suffered from cough at the time of 

presentation to the hospital. Participating physicians 

were asked to complete a brief questionnaire for each 

patient. After a quick but careful investigation, 

respiratory specimens were collected from each 

patient. In the subsequent day onwards, several 

patients with ILI visited the sentinel hospitals. As a 

result of this increased rate of respiratory illness and a 

desire to identify the etiology and scope of the illness, 

augmented surveillance for ILI cases was performed 

during the outbreak period. 

 

Specimen collection and processing 

The respiratory specimens (nasal or throat swabs) 

were collected from patients who fit into the World 

Health Organization (WHO)’s ILI case definition. A 

Figure 1. India map showing location of Kerala State (black 

color). The Alappuzha district is indicated in Kerala State map 

(grey color). 
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total of 204 nasal or throat swab specimens were 

collected during the period of outbreak from patients 

of all age groups with acute respiratory illness. 

Collected swab specimens were then placed in sterile 

screw-capped containers with viral transport media 

(VTM) and transported, in ice, to the laboratory. Swab 

specimens were gently agitated and extracted for 

further processing. The extracts were kept at -80°C 

until used [10]. 

 

RNA extraction and real-time reverse transcription 

polymerase chain reaction (real-time RT-PCR) 

RNA was extracted from clinical specimens using 

the QIAmpViral RNA Mini Kit protocol (Qiagen, 

Hilden, Germany). The extracted RNA was tested by 

real-time RT-PCR using SuperScript III One-Step RT-

PCR System (Invitrogen,Carlsbad, USA)with 

PlatinumTaq reagents and primers and probes from the 

CDC human influenza virus real-time RT-PCR 

detection and characterization panel [11]. The four 

targets tested were universal influenza A (InfA), 

universal swine A (SwFluA), pandemic influenza A 

(H1N1)2009 (A[H1N1]pdm09), and RNase P (RP). 

The RNase P primer and probe set targets the human 

RNase P gene and thus served as an internal positive 

control for human nucleic acid. All the specimens that 

give a presumptive negative for A(H1N1)pdm09 but 

were universal influenza A positive were further 

examined for seasonal influenza A(H1N1) and 

A(H3N2), and those specimens negative for universal 

influenza A were tested for influenza B virus. 

 

Virus isolation in cell culture 

One hundred µL of supernatant of nasal or throat 

swab specimens (real-time RT-PCR-positive patients) 

were inoculated into Madin-Darby canine kidney 

(MDCK) cells prepared in 24-well multiple well tissue 

culture plates. The plates were kept at 37°C under 5% 

CO2 atmosphere up to seven days [10]. The inoculated 

MDCK cell line was observed for cytopathic effects, 

following which the tissue culture fluid was harvested. 

All cultures were screened by real-time RT-PCR to 

detect viral presence. The obtained isolates were 

extracted for RNA, and aliquots were stored at -80°C 

for further analysis. 

 

Sequence analysis 

Viral RNA was extracted from culture supernatant 

of the selected isolates using the QIAamp Viral RNA 

Mini Kit (Qiagen) as described earlier [12]. One step 

RT-PCR (Superscript III Platinum One-Step RT-PCR 

Kit, Invitrogen) was performed to amplify the HA1 

gene of A(H3N2). Amplified fragment (980 bp) was 

visualized by ethidium bromide (EtBr) agarose gel 

staining. 

 

Sequencing 

The amplicons for the HA1 gene of influenza 

A(H3N2) were purified using a QIAquick PCR 

purification kit (Qiagen). DNA sequencing was carried 

out using Big Dye Terminator v3.1 Cycle Sequencing 

Ready Reaction Kit (ABI, Foster City, USA) as 

described earlier [13], and unincorporated labeled 

ddNTPs were removed using the DyeEX 2.0 Spin Kit 

(Qiagen). The sequencing was done on an ABI 3730 

DNA Analyzer, and the sequences were analyzed in 

MEGA 4 program [14]. The sequences were submitted 

to GenBank. 

 

Phylogenetic analysis 

MEGA version 4 [14] was used for constructing 

HA1 gene-based neighbor-joining (NJ) trees using 

Kimura’s two-parameter distance model, with 1,000 

bootstrap replicates. The percent nucleotide identity 

(PNI) and percent amino acid identity (PAI) values 

were calculated as pairwise p-distances. 

 

Results 
From June to July 2011, 204 patients that met the 

ILI case definition were identified through sentinel 

hospital-based surveillance (n = 204). A preliminary 

test conducted on 30 June 2011 revealed the presence 

Table 1. Age group wise distribution of study population (n = 204) showing total number of influenza like illness cases and 

influenza A(H3N2)-positive cases. 

Age group(years) ILI* population Number of influenza A(H3N2)-positive cases (%) 

0–5 52 32 (33.33) 

6–14 24 10 (10.42) 

15–30 64 25 (26.04) 

31–44 40 21 (21.8) 

45–59 22 6 (6.25) 

60 and above 2 2 (2.08) 

Total 204 96 (100) 

*ILI: influenza-like illness 
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of influenza A(H3N2) in 17 out of 35 (48.57%) 

patients and A(H1N1)pdm09 in one (2.85%) patient. 

Of the total 204 specimens collected, 102 (50%) were 

laboratory-confirmed influenza A. Out of 102 positive 

specimens, 96 (94.11%) were influenza A(H3N2), and 

6 (5.88%) were A(H1N1)pdm09. Nevertheless, none 

(0%) of the specimens was found to be seasonal 

influenza A(H1N1) positive. Influenza type B could 

not be detected in 102 type A-negative specimens. 

Seventeen randomly selected influenza A(H3N2)-

positive specimens were subjected to virus isolation, 

and all (100%) yielded isolates. 

The median age of the influenza A(H3N2)-positive 

patients was 19.2 years, with a range of 2 months to 91 

years. The highest positivity was observed among 

patients in the age group of 0–5 years, followed by 

15–30 years and 31–44 years. (Table 1). Among the 

influenza A(H3N2)-positive patients, 60 were female 

(62.50 %) and 36 were male (37.50%). 

The reported symptoms of the patients with 

laboratory-confirmed influenza A(H3N2) infections 

were fever at presentation or within the last three days 

(temperature > 38°C) (89.58%), cough (77.08%), nasal 

discharge (52.08%), sore throat (47.92%), vomiting 

(29.16%), headache (20.83%), and chills and rigors 

(20.83%). None of the patients had evidence of severe 

lower respiratory tract illness or unusual symptoms of 

influenza such as diarrhea. All patients included in this 

study responded positively to conservative outpatient 

treatment and recovered without complications. 

During 2011, the predominant activity of influenza 

A(H3N2) occurred during the monsoon season, which 

begins by the end of May and lasts until the end of 

November.Analysis of the results indicated that 

rainfall had a positive correlation (r
2 
= 0.33, p = 0.050) 

with the influenza A(H3N2) outbreak in Alappuzha 

district (Figure 2). Figure 3 shows the frequency of ILI 

cases (those that met the standard ILI definition) 

during the outbreak period. The initial influenza 

A(H3N2) cases occurred in late June, and the highest 

incidence of laboratory-confirmed influenza A(H3N2) 

occurred during the first week of July 2011.  

HA1 gene of 13 influenza A(H3N2) isolates were 

sequenced (GenBank accessioning numbers for seven 

HA1 gene sequences:  CY110806, CY110807, 

CY110808, CY110809, CY110810, CY110811, and 

CY110812). Phylogenetic analysis revealed the 

isolates were genetically related to the 

A/Victoria/361/2011/H3N2 virus. These isolates 

acquired K158N, N189K, and T212A mutation as in 

A/Victoria/361/2011/H3N2. All isolates remained 

sensitive to oseltamivir. Phylogenetic analysis was 

rooted in the 2010–2011 northern hemisphere 

influenza vaccine strain (A/Perth/16/2009/H3N2), and 

construction was performed using influenza sequences 

from this outbreak and influenza A(H3N2) strains 

circulating in India between 2008 and 2012 (Figure 4). 

 

Discussion 
There have been several episodes of influenza 

A(H3N2) outbreaks from various parts of the world, 

including India [4,15].Nevertheless, no outbreaks of 

influenza A(H3N2) had been reported from the 

southern states of India, such as Kerala. In this study, 

Figure 2. The graph shows that month-wise distribution of 

absolute number of influenza-like illness cases and real time 

RT-PCR positive influenza A(H3N2) and A(H1N1)pdm09 

cases,  and average rainfall (mm) during the year 2011. 

Figure 3. Incidence of influenza-like illness cases and 

laboratory-confirmed influenza A(H3N2) and A(H1N1)pdm09 

cases during the outbreak period.  
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investigation of suspected specimens confirmed that 

the outbreak was due to influenza virus and that the 

etiological agent was the influenza A(H3N2) virus.  

It is important to note that the seasonality of 

influenza in both tropical and temperate regions varies 

considerably. In temperate regions, there are clear 

seasonal variations in the occurrence of influenza, with 

a marked peak in cold winter months. In tropical 

countries, seasonality is less defined, and viruses 

circulate throughout the year with one or two peaks 

during monsoon seasons [16].Several reports have 

appeared on the seasonality of influenza outbreaks in 

the tropics during the monsoon season [17]. 

A surveillance study conducted by the NIV in 

Pune, India revealed that the ten outbreaks that 

occurred in various parts of India during the monsoon 

season of 1978 to 1990 were due to the influenza 

A(H3N2) virus [15]. During the period 1990–2000 in 

Pune, influenza A(H3N2) outbreaks occurred 

predominantly during the rainy season. The 

occurrence of the influenza A(H3N2) outbreak in 

Alappuzha in the monsoon season of 2011 is 

consistent with previous experience [18]. The climatic 

factors such as relative humidity, rainfall, and 

differences in temperatures may cause the rapid 

shedding of this virus [19]. Co-circulation of 

A(H1N1)pdm09  and influenza A(H3N2) virus is not 

unusual [4]. Co-circulation of both A(H1N1)pdm09 

and influenza A(H3N2) was reported during the June 

2009 monsoon season in eastern India [20]. The 

dynamic patterns and displacement of one subtype 

with another may partly be explained by limited 

immunological cross-reactivity between influenza 

subtypes [21]. 

Our study revealed that females were more 

susceptible to influenza than were males. This could 

be due to the fact that the close vicinity of homes in 

Alappuzha and heavy rainfall restricted outdoor 

activities, forcing females to stay indoors, which 

perhaps led to high transmission between them. 

Societal and behavioral factors can influence exposure 

to viruses differently in males and females [22]. 

Another important hypothesis is about the role of sex 

steroids. Influenza A virus dysregulates reproductive 

function as well as cytokine and chemokine 

production in females, rendering them significantly 

more susceptible to disease [23].  

The highest rate of infection of all studied groups 

was reported in infants (33.3%). The highest attack 

rate may be due to the lack of immunity to influenza 

viruses among infants. A higher attack rate among 

small children with influenza A(H3N2) virus was 

reported from Mongolia [24]. Other studies have also 

shown that children have high clinical attack rates for 

influenza A(H3N2) virus [25-27]. The smaller 

percentage of positivity in other age groups could be 

because of immunity from the earlier attacks of the 

virus. Fever is one of the symptoms in the ILI case 

definition; however, fever was recorded only in 

89.58% of ILI cases. This could be because patients 

used antipyretics, which are widespread in India, 

before they sought medical attention [28].  

Diversity in circulating influenza types and 

subtypes poses a real challenge to vaccine strategies. 

Comparative analysis of the genetic characteristics of 

viral isolates with the antigenically selected northern 

hemisphere influenza vaccine for the year 2010–2011 

and 2012–2013 revealed homology with the 2012–

2013 northern hemisphere vaccine strain. Phylogenetic 

analysis confirmed that influenza A(H3N2) virus did 

not mutate significantly during the outbreak 

investigation period in the affected area. 

 

Conclusions 
An influenza A(H3N2) outbreak was confirmed in 

Alappuzha district of Kerala state with a co-circulation 

of A(H1N1)pdm09. No substantial difference in the 

sequence was observed in the etiological agent, and 

the virus was found to be sensitive to oseltamivir. 

Outbreak detection and confirmation of diagnosis are 

two essential steps in an outbreak investigation. 

Timely notification to public health authorities and 

prompt implementation of control measures by health 

authorities helped to reduce the spread of infection. 

Studying both the incidence and seasonality of 

influenza is crucial for the development of effective 

regional preventive strategies and identification of 

virus strains for vaccine selection. 
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