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Acute respiratory infections caused by influenza  
viruses are major life-threatening infections affecting 
the global population. Information on influenza viruses 
in Mumbai region in India is limited. With an esti-
mated population above one crore, it becomes impera-
tive to identify the predominant circulating strains, 
seasonal evolution, epidemiology and impact of influ-
enza virus infection on the public health of Mumbai. 
The present study is aimed to isolate and identify the 
prevalent influenza B virus strains circulating in the 
Mumbai region. Virological analysis of 482 throat and 
nasal samples from patients presenting with suspected 
influenza-like illness was conducted from January to 
December 2012 at a research institute in Mumbai. Iso-
lation of positive influenza B samples was performed 
on Madin Darby Canine Kidney (MDCK) cell line. 
The isolates were further characterized by hemaggluti-
nation inhibition assay and one-step reverse transcrip-
tase polymerase chain reaction. Among all the 
specimens tested, 71% were positive for influenza  
virus. The positivity for influenza B virus, influenza A 
(H1N1) pdm 09 and seasonal influenza A virus was 
38%, 22% and 11% respectively. Of the 80 influenza B 
specimens cultured on MDCK, virus was isolated from 
38 (48%) samples. Influenza B/Wisconsin/1/2010-like 
serotype belonging to the B/Yamagata/18/88 lineage was 
the predominant serotype identified. Influenza was a 
significant public health concern in the Mumbai region 
during the study period. Young children were the most 
affected age group. The study data generated will help 
understand the epidemiology of the disease in the 
Mumbai region as well as generate information for 
global influenza surveillance. 
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INFLUENZA virus belongs to the family Orthomyxoviridae 
with a genome make-up of seven or eight single-stranded, 
negative-sense RNA segments1. Influenza viruses are a 
major cause of acute respiratory infections in humans, 
causing significant morbidity and mortality worldwide2,3. 
Influenza A viruses (IAVs) and influenza B viruses 
(IBVs) are responsible for annual epidemics across several 
regions of the world4. The incidences of epidemics of  

influenza can be attributed to the high frequency of anti-
genic changes occurring in the major surface glycopro-
teins hemagglutinin (HA) and neuraminidase (NA)5. Both 
IAVs and IBVs undergo antigenic drift. In addition, IAVs 
undergo antigenic shift, which causes genetic re-
assortment between different subtypes. IAVs are divided 
into several antigenic subtypes and they infect a variety 
of host species6,7. Unlike IAVs, IBVs infect mainly  
humans and do not have distinct subtypes, except for a 
strain isolated from a seal in the Netherlands6,8. However, 
multiple lineages of IBVs are known to circulate globally5. 
 The evolutionary analysis of the hemagglutinin gene 
since 1983 represents two major phylogenetic lineages  
of IBVs – Victoria and Yamagata – represented by  
the reference strains B/Victoria/2/1987 (Vic87) and 
B/Yamagata/16/1988 (Yam88) respectively. Each of 
these two viral lineages achieved pre-dominance at dif-
ferent time periods and in different geographic regions. 
IBVs of the Victoria lineage were primarily found in the 
1980s, while the viral strains of Yamagata lineage have 
been circulating globally since 1990s6,9. 
 The evolution and antigenic drift of IBVs occur due to 
various mechanisms of insertion, deletion and re-assortment 
within diverse lineages. This phenomenon leads to increase 
in the genetic diversity of IBVs. The IBVs undergo fre-
quent segment re-assortment between different lineages, 
resulting in high genome diversity, which in turn leads to 
co-circulation of multiple genotypes at a particular time 
period in a particular area4. Furthermore, the IBVs  
isolated between 1979 and 2003 belong to at least 14  
genotypes resulting from genomic re-assortments  
between the descendants of Vic87 and Yam88 viruses10. 
Thus, monitoring antigenic and genetic variations of cir-
culating influenza viruses is essential for the selection of 
annual vaccine strains7. 
 Since 1991 until 2007, sporadic, seasonal as well as  
epidemic occurrence of IBVs have been detected around 
the world; these strains belonged to different lineages and 
had diverse genotypes4,5,8,9. It is therefore imperative to 
comprehend the seasonal patterns of influenza infections 
for the development of effective prevention and control 
strategies11. 
 Limited surveillance on IBV has been conducted in 
western India. In the Pune region, B/Victoria/2/87 lineage 
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was found circulating during 1987–89, while B/Yamagata/ 
16/88 lineage was found circulating during 1990 and 
2001. During 2002, reappearance of B/Victoria/2/87  
lineage in the community has highlighted the need for 
regular surveillance of the influenza strain5. This study 
characterizes the prevalent strain of IBVs circulating in 
Mumbai in 2012. 

Methodology 

Ethics committee approval 

This project was approved by the Institutional Ethics 
Committee of the Research Institute (vide letter No. 
HITRT/IEC/012/2012; dated 12 March 2012). 

Sample collection 

During January–December 2012, a total of 438 nasal 
and/or throat swab samples were collected in viral trans-
port medium (VTM) by trained clinicians of King Ed-
ward Memorial (KEM) Hospital and L. H. Hiranandani 
Hospital, Mumbai, as a part of Laboratory-based Influ-
enza (SARI/ILI) Surveillance Plan India under Integrated 
Disease Surveillance Project. The specimens were trans-
ported in a triple-layer packing in a styrofoam box with 
ice pack and the clinical history of the patient with re-
spect to the demographic characteristics and clinical 
symptoms were obtained. 

Real-time RT-PCR (qRT-PCR) 

Viral RNA was extracted from throat and nasal secretions 
using the QIAamp Viral RNA Mini Kit (Qiagen, Hilden, 
Germany) according to the manufacturer’s instructions. 
One-step real-time reverse transcriptase polymerase chain 
reaction (qRT-PCR) was performed using AgPathTM One-
Step RT-PCR Kit (Applied Biosystems, Life technolo-
gies) on ABI Step One platform, as previously described 
in WHO-CDC protocol, Geneva12. 

Virus isolation 

A total of 80 clinical samples positive for influenza B by 
qRT-PCR were inoculated onto confluent Madin Darby 
Canine Kidney (MDCK) cells with the serum-free mini-
mal essential medium containing 2 g/ml of trypsin. The 
samples were selected based on the cycle threshold value 
(Ct < 35), different age groups and geographical settings, 
maximum volume of the samples available and complete 
clinical history of the patient13. Tissue culture fluids were 
harvested after observing the MDCK cell line for cyto-
pathic effect, usually on the seventh day of infection.  
Virus stocks were aliquoted and stored at –80C until  
further use14. 

Hemagglutination assay 

The presence of influenza virus in the cell culture super-
natant was determined by hemagglutination assay (HA). 
A serial two-fold dilution of all specimens (50 l) was 
prepared in U-bottom 96-microtitre plates using phos-
phate buffer saline (PBS). Guinea pig RBCs (0.75%) 
were added (50 l) to each well and the plate was incu-
bated at 22–24C for 45–60 min. The HA titre of the 
samples was indicated as the reciprocal of the dilution of 
virus in the last well with complete hemagglutination14–16. 

Hemagglutination inhibition assay 

The identification of IBV lineage was analysed by  
hemagglutination inhibition (HAI) assay. Each isolate 
was confirmed for its subtype using specific antiserum 
panel according to the WHO kit protocol for typing of 
human influenza isolates for 2012. All the isolates were 
standardized to 4 HA units/25 l. The back titration was 
also performed and was only accepted when both repli-
cates yielded matching results. A serial twofold dilution 
of specific sera (25 l) was prepared in U-bottom 96-
microtitre plates using PBS, followed by the addition of 
25 l/well of each isolate of the standardized antigen. 
This mixture was incubated for 45 min at the room tem-
perature. Guinea pig RBCs (0.75%) were added (25 l) to 
each well and the plate was incubated at room tempera-
ture for 45–60 min. The HAI titre results were indicated 
as the reciprocal of the highest dilution of serum that  
inhibited virus-induced hemagglutination. 

One-step RT-PCR 

Viral RNA was extracted from 140 l of cell culture  
supernatant using the QIAamp viral RNA Mini Kit, accord-
ing to the manufacturer’s instructions. RT-PCR assay was 
performed using the AgPathTM One-Step RT-PCR Kit in a 
final volume of 25 l using the Takara Gradient Thermal 
Cycler. Primers used in the study were targeted to influenza 
B subtype specific to HA gene segment17. Five microlitres 
of the extracted RNA sample was added to 20 l of the re-
action mixture. The amplification conditions were divided 
into holding stage and cycling stage. In the holding stage, 
reverse transcription was carried out at 48C for 45 min, 
followed by Taq inhibitor activation at 94C for 2 min. In 
the cycling stage, PCR amplification (29 cycles) was at 
94C for 20 sec, 56C for 30 sec and 72C for 1 min. The 
final extension was carried out at 72C for 7 min. 

Results 

Viral surveillance 

Of the total 482 throat and nasal swab samples received 
with acute respiratory infections during January 2012 to 
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December 2012, 71% were positive for influenza virus. 
Among these, 184 (38%) samples were positive for IBV, 
106 (22%) samples were positive for influenza A (H1N1) 
pdm 09 and 51 (11%) samples were positive for seasonal 
influenza A. 
 Among the 184 samples positive for influenza B virus, 
91 (49.45%) were from males and 93 (50.54%) were from 
females; however, no gender specificity to influenza  
infectivity was observed. Age-wise analysis of positive 
cases revealed that maximum positivity belonged to the 
age group of 1–10 years (Figure 1). 
 The clinical presentation in influenza-positive popula-
tion included fever 145 (79%), cough 145 (79%), sore 
throat 131 (71%), nasal catarrh 107 (58%), headache 88 
(48%), shortness of breath 62 (34%) and vomiting 30 
(16%).  

Antigenic characterization 

Out of 80 clinical samples, 38 showed cytopathic effect 
in first viral passage on MDCK cell line (Figure 2). Of 
the 38 isolates obtained, 33 (86.84%) belonged to  
the B/Yamagata lineage and were characterized as 
B/Wisconsin/1/2010-like, while five isolates (33.7%) 
were characterized as influenza B/Brisbane/60/2008-like 
belonging to the B/Victoria lineage. 
 Conventional RT-PCR confirmed that five isolates  
belonged to the B/Victoria/2/87 lineage, while the  
remaining belonged to the B/Yamagata/18/88 lineage 
(Figure 3). 

Discussion 

In India, respiratory infections caused by influenza virus 
have been generally ignored in the healthcare facilities. 
Information about influenza strains circulating in the  
 
 

 
 

Figure 1. Age distribution in population diagnosed as influenza  
B (%). 

Indian subcontinent is majorly unknown due to lack of 
systemic studies. The available information on epidemi-
ological and clinical features of influenza virus is entirely 
from research studies alone. Etiology-specific diagnosis 
requires laboratory tests which are not widely available in 
India, except for a few metro cities. 
 The present study reports the activity of IBVs in Mum-
bai during January–December 2012 as a part of the  
National Influenza Surveillance Network, which was  
extended to India in 2005. During this surveillance  
period, a total of 482 samples were collected by the clini-
cians from in-patient department of KEM Hospital and  
L. H. Hiranandani Hospital in Mumbai, of which 184 
(38%) were positive for influenza B. During the 2012 in-
fluenza season in India, the infection rate of IBVs re-
mained more or less similar to those reported in other 
temperate countries. According to the Centres for Disease 
Control and Prevention report on influenza activity in the 
United States from September 2012 to May 2013, 29% of 
the specimens were positive for IBVs18. According to the  
National Influenza Centers and other national influenza 
laboratories from 82 countries, more than 19,000 speci-
mens were tested by May 2012, of which 26% of the  
viruses were typed as influenza B19. The epidemiological 
data of seasonal influenza in Bangkok between 2009 and 
2012 demonstrated that 30% of the specimens were posi-
tive for IBV2. Majority of the individuals were reported 
to be between 1 and 10 years of age, which is consistent 
with previous reports20. 
 Of the 38 influenza virus isolates tested, 33 (86.84%) 
belonged to the B/Yamagata lineage and were character-
ized as B/Wisconsin/1/2010-like, and 5 (33.7%) were 
characterized as influenza B/Brisbane/60/2008-like, which 
belonged to the B/Victoria lineage. Majority of the IBVs 
detected worldwide have been of the Yamagata lineage; 
nearly all the strains were antigenically similar to 
B/Wisconsin/1/2010-like virus contained in the trivalent 
seasonal vaccine. However, a substantial number of the 
Victoria lineage viruses were also reported, accounting 
up to 30% of the B viruses in several countries18,19,21. 
These data are consistent with the findings in the present 
study. However, complete gene sequencing of the isolates 
would be ideal for an exact confirmation of the lineage. 
 Viral culture in combination with HAI is considered as 
the gold standard method for typing and subtyping of  
influenza virus. The long-time consumption of viral cul-
ture limits its effectiveness for public health responses to 
potential influenza epidemics and pandemics22. Molecular 
methods, including one-step PCR and RT-PCR have pro-
vided a convenient and sensitive approach for the identi-
fication and subtyping of influenza virus1. 
 In the temperate zone, transmission of human influenza 
virus usually occurs in the winter months, but the exact 
timing and duration of the influenza season vary. The  
influenza season in the temperate zones usually begins 
early in October, and typically peaks around January21.
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Figure 2. In vitro method: cytopathic effects on the MDCK cell lines. a, Normal MDCK cell 
line. b, Cytopathic effect on MDCK cell line. 

 

 
 

Figure 3. Serotyping of influenza B positive virus isolates by RT-PCR. a, Influenza B Yama-
gata lineage (388 bp). b, Influenza B Victoria lineage (284 bp). Amplification of influenza B  
virus isolates (representative gel pictures) using sequence-specific primers. Figure 3  a and b in-
dicate that the amplification is specific for the lineage. While influenza B (Yamagata) gives a 
388 bp product, the influenza B (Brisbane) yields a 284 bp product after amplification. Each iso-
late is respectively run using both primer sets and electrophoresed identically. 

 
Unlike temperate climate countries, in tropical countries 
like India the incidence of influenza virus infection has 
been reported during the rainy season23,24. Mumbai, being 
located in the western region of India, has a significant 
tropical wet and dry climate, which experiences monsoon 
season from June to September and a post-monsoon sea-
son from October to December. Enhanced influenza  
activity during the monsoon season was observed during 
the study period. Pune also has tropical monsoon climate 
where similar outbreaks of influenza have been reported 
during the rainy season5. 
 However, the northern part of the country is considera-
bly cooler in the winter months. The peak influenza  
activity in winter with higher influenza activity during 
the rainy season has been noted in different cities like 
Delhi, Kolkata and Chennai with secondary peak of  
influenza infection in the winter months25. Thus, regional 
differences in the circulation of influenza virus in India 
may be due to the climatic diversity in the northern and 
southern parts of the country. 
 The exact mechanism of influenza activity is poorly 
understood. However, seasonal changes in the virus  

survival and its transmissibility play a key role. In addi-
tion, host susceptibility to infection, social behaviour and 
then interaction can also affect influenza activity26–28. It has 
also been suggested that metrological factors can directly 
affect influenza activity. In the temperate regions, a 
higher activity of influenza might be due to the cold tem-
peratures, low indoor humidity and minimal solar radia-
tion11. On the other hand, high humidity as well as rainy 
season in several tropical regions have revealed a link  
between increased influenza activities29–31. 

Conclusion 

This study provides virological perspective of influenza 
B infection and strain diversity in Mumbai region. The 
study finds influenza/B/Yamagata lineage as the pre-
dominant circulating virus sub-type. The data relevant to 
Mumbai region may not be representative of the whole 
country considering the climatic diversity across India. 
However, considering the distinct presence of two strains 
of IBV, it is probable that such co-circulation may be 
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present in other parts of the country. This study shows 
that there is a scope of evaluating whether a quadrivalent 
vaccine should replace the existing trivalent vaccine. 
Since this was a fixed timeline study (January 2012–
December 2012), it is limited in strength of forecasting 
whether such prevalence data would be obtained over the 
years. Therefore, continued surveillance of the circulating 
influenza viruses and determination of regional differ-
ences in influenza seasonality in India will help deter-
mine influenza control and possible vaccination 
programmes among priority populations. 
 

1. Zhang, N. et al., Applicability of a sensitive duplex real-time PCR 
assay for identifying B/Yamagata and B/Victoria lineages of  
influenza virus from clinical specimens. Appl. Microbiol. Biotech-
nol., 2012, 3, 797–805. 

2. Prachayangprecha, S. et al., Epidemiology of seasonal influenza in 
Bangkok between 2009 and 2012. J. Infect. Dev. Ctries., 2013, 7, 
734–740. 

3. Ramamurty, N. et al., Influenza activity among the paediatric age 
group in Chennai. Indian. J. Med. Res., 2005, 121, 776–779. 

4. Yang, J. R. et al., Phylogenetic and evolutionary history of  
influenza B viruses, which caused a large epidemic in 2011–2012 
Taiwan. PLoS ONE, 2012, 10, e47179. 

5. Yeolekar, L., Kulkarni, P., Pawar, S. and Rao, B., Influenza sur-
veillance in Pune, India: reappearance of B/Victoria/2/87-
likeinfluenza virus strain in 2002. Curr. Sci., 2004, 86, 966–968. 

6. Zhu, N. et al., Molecular characterization of influenza B viruses 
isolated in east-central China in 2009–2010. Virus Genes, 2013, 
46, 28–38. 

7. Chi, X. S., Bolar, T. V., Zhao, P., Rappaport, R. and Cheng, S. M., 
Cocirculation and evolution of two lineages of influenza B viruses 
in Europe and Israel in the 2001–2002 season. J. Clin. Microbiol., 
2003, 41, 5770–5773. 

8. Motta, F. C., Siqueira, M. M., Lugona, A. K., Straliotto, S. M., 
Fernandes, S. B. and Krawczuk, M. M., The reappearance of  
Victoria lineage influenza B virus in Brazil, antigenic and molecular 
analysis. J. Clin. Virol., 2006, 36, 208–214. 

9. Shaw, M. W. et al., Reappearance and global spread of variants of 
influenza B/Victoria/2/87 lineage viruses in the 2000–2001 and 
2001–2002 seasons. Virology, 2002, 303, 1–8. 

10. McCullers, J. A., Saito, T. and Iverson, A. R., Multiple genotypes 
of influenza B virus circulated between 1979 and 2003. J. Virol., 
2004, 78, 12817–12828. 

11. Lin, J. et al., Influenza seasonality and predominant subtypes of 
influenza virus in Guangdong, China, 2004-2012. J. Thorac. Dis., 
2013, 5, S109–S117. 

12. WHO, CDC protocol of real-time RTPCR for swine influenza 
A(H1N1), World Health Organization, Geneva, April 2009; http:// 
www.who.int/csr/resources/publications/swineflu/CDCrealtime- 
RTPCRprotocol_20090428.pdf. 

13. WHO, Selection of clinical specimens for virus isolation and of 
viruses for shipment from National Influenza Centres to WHO 
Collaborating Centres – revised, World Health Organization,  
Geneva, December 2010; http://apps.who.int/csr/disease/influenza/ 
influenzanetwork/2010_12_06_clinical_specimens_for_virus_isolation_ 
and_virus_for_shipment_from_nic_to_who_collaborating_center.pdf 

14. Balish, A. L., Katz, J. M. and Klimov, A. I., Influenza: propaga-
tion, quantification, and storage. Curr. Protoc. Microbiol., 2006, 
15G.1.1–15G.1.24. 

15. Hsiung, G. D. and Fong, K. Y., Hemagglutination and the hemag-
glutination-inhibition test. In Diagnostic Virology Illustrated by 

Light and Electron Microscopy, Yale University Press, New  
Haven, London, 1982, 3rd edn, pp. 35-41. 

16. Hirst, G. K., The quantitative determination of influenza virus and 
antibodies by means of red cell agglutination. J. Exp. Med., 1942, 
75, 49–64. 

17. WHO, WHO information for molecular diagnosis of influenza  
virus in humans – update, World Health Organization, Geneva, 
August 2011; http://www.who.int/influenza/resources/documents/ 
molecular_diagnosis_influenza_virus_humans_update_201108.pdf 

18. Centers for Disease Control and Prevention. Influenza Activity – 
United States, 2012–13 season and composition of the 2013–14  
influenza vaccine. MMWR. Morb. Mortal. Wkly. Rep., 2013, 62, 
473–479. 

19. WHO, Influenza virus activity in the world, World Health Organi-
zation, Geneva, May 2013; http://www.who.int/influenza/gisrs_ 
laboratory/updates/summaryreport_20130524/en/ 

20. Roy, T. et al., Surveillance and molecular characterization of  
human influenza B viruses during 2006–2010 revealed co-
circulation of Yamagata-like and Victoria-like strains in eastern 
India. Infect. Genet. Evol., 2011, 11, 1595–1601. 

21. World Health Organization, Review of the 2012–2013 winter  
influenza season, northern hemisphere. Wkly. Epidemiol. Rec., 
2013, 88, 225–232. 

22. Ellis, J. S. and Zambon, M. C., Molecular diagnosis of influenza. 
Rev. Med. Virol., 2002, 12, 375–389. 

23. Mukherjee, A. et al., Prevalence and epidemiology of pandemic 
H1N1 strains in hospitals of Eastern India. J. Public. Health, Epi-
demiol., 2010, 2, 171–174. 

24. Agrawal, A. S. et al., Comparative evaluation of real-time PCR 
and conventional RT-PCR during a 2 year surveillance for  
influenza and respiratory syncytial virus among children with 
acute respiratory infections in Kolkata, India, reveals a distinct 
seasonality of infection. J. Med. Microbiol., 2009, 58, 1616–1622. 

25. Chadha, M. S. et al., Multisite virological influenza surveillance in 
India: 2004–2008. Influenza Other Respir. Viruses, 2012, 6, 196–203. 

26. Tamerius, J., Nelson, M. I., Zhou, S. Z., Viboud, C., Miller, M. A. 
and Alonso, W. J., Global influenza seasonality: reconciling pat-
terns across temperate and tropical regions. Environ. Health Per-
spect., 2011, 119, 439–445. 

27. Dowell, S. F., Seasonal variation in host susceptibility and cycles of 
certain infectious diseases. Emerg. Infect. Dis., 2001, 7, 369–374. 

28. Dowell, S. F. and Ho, M. S., Seasonality of infectious diseases and 
severe acute respiratory syndrome – what we don’t know can hurt 
us. Lancet. Infect. Dis., 2004, 4, 704–708. 

29. Chew, F. T., Doraisingham, S., Ling, A. E., Kumarasinghe, G. and 
Lee, B. W., Seasonal trends of viral respiratory tract infections in 
the tropics. Epidemiol. Infect., 1998, 121, 121–128. 

30. Mello, W. A. et al., The dilemma of influenza vaccine recommen-
dations when applied to the tropics: the Brazilian case examined 
under alternative scenarios. PLoS ONE, 2009, 4, e5095. 

31. Moura, F. E., Perdigão, A. C. and Siqueira, M. M., Seasonality of 
influenza in the tropics: a distinct pattern in northeastern Brazil. 
Am. J. Trop. Med. Hyg., 2009, 81, 180–183. 

 
ACKNOWLEDGEMENTS. We thank the National Centre for  
Disease Control, New Delhi for financial support; and WHO Collabo-
rating Center for Reference and Research on Influenza, Melbourne, 
Australia, for providing the reagents and necessary protocols. We also 
thank King Edward Memorial Hospital and L. H. Hiranandani Hospital, 
Mumbai for clinical assistance. 
 
Received 16 October 2014; revised accepted 27 October 2015 
 
doi: 10.18520/cs/v110/i5/823-827 

 

 


