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A live attenuated influenza A(HIN1)pdm 2009 vaccine was developed and distributed in India in 2010. We estimated
the vaccine effectiveness (VE) against laboratory-confirmed pandemic HINT (pH1N1) infections in patients with
influenza-like illness who visited five tertiary care hospitals in Pune, India during June-December 2010. Swab specimens
were analyzed for influenza pHIN1 by reverse transcriptase polymerase chain reaction (RT-PCR). VE was estimated using
the test-negative case-control study design and logistic regression. A total of 784 patients (253 cases, 531 controls) were
analyzed. The unadjusted overall VE was 75.5% (95% confidence interval [Cl] 42.1-89.7), while the adjusted VE was 76%
(95% Cl 42.1-89.7). We conclude that the live attenuated influenza A(H1N1)pdm 2009 vaccine was effective in our study
population, which has opened prospects for using this platform for trivalent formulations.

Introduction

In the spring of 2009, a new type of HINT1 influenza A virus
infection was detected in Mexico. Due to its quick spread, it
caused a major concern worldwide."? This led the World health
Organization (WHO) to declare a pandemic of its highest level 6
on 11 June 2009. This action indicated widespread transmission
in the community."?

The first case in India was reported in Hyderabad on 16 May
2009,% and the first death was of a 14-y-old girl in Pune, on 3
August 2009. Hyderabad is situated 557 km southeast to Pune.
These events and the quick spread in the community caused panic
in public.’ From May 2009 until the week ending on 2 January
2011, India reported 46142 laboratory confirmed influenza
A(HINDpdm 2009 cases and 2728 deaths.®” Maharashtra state
alone reported 9972 proven cases of influenza A(HIN1)pdm
2009 and 937 deaths. These were the largest numbers in any state
of India.® The city of Pune in Maharashtra reported the highest
numbers of cases and deaths among all cities of India.’

To meet the challenge, Serum Institute of India Led (SIIL),
Pune-following a technology transfer, including transferring
reassortant strain from Russia which was facilitated by
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WHO- developed a live attenuated influenza vaccine (LAIV)
against the A(HIN1)pdm 2009 strain. This monovalent vaccine
(Nasovac ) was administered by intranasal spray. SIIL also
developed an inactivated A(HIN1)pdm 2009 vaccine which was
licensed after clinical trials;® however only LAIV was marketed
since its production was more economical, faster, and less resource
intensive as compared with the inactivated vaccine.

The vaccine was found highly effective in preventing
influenza A(HIN1)pdm 2009 in ferrets.” After immunogenicity
and safety was demonstrated in clinical studies (Prasad S
Kulkarni, unpublished data),”® the vaccine was licensed by
the Drug Controller General of India (DCGI) on 3 July 2010.
One intra-nasal dose of 0.5 ml was recommended for adults
and children >3 y of age. More than 2.5 million doses were
distributed India of which over one million doses were used in
Maharashtra alone.

Since Pune had the maximum number of influenza A(HIN1)
pdm 2009 cases in the country and most of the vaccine was
used in this city, a case control study was conducted in Pune to
estimate the effectiveness of Nasovac . During the pandemic,
other inactivated HIN1 vaccines as well as trivalent inactivated
vaccines containing pHIN1 were available in India.

Volume 10 Issue 3

Do not distribute.

I0Science.

©2014 Landes B



Subjects enrolled (N = 835)

A 4

—>

Subjects not Eligible for
Analysis (N =51)

Subjects Eligible for
Analvsis (N = 784)

\ 4
CASE (N = 253) |

‘ )

.

\ 4
| CONTROL (N =531) |

v

| '

| Vaccinated (N = 6) | | Unvaccinated (N = 247) |

| Vaccinated (N = 48) ‘ | Unvaccinated (N = 483) ‘

Figure 1. Subject disposition.

Although inactivated vaccines were also used in the city
during this period, the numbers are estimated to be much lower
than with live vaccine.

Although India falls in the northern hemisphere, the seasonal
pattern of influenza is more like southern hemisphere, with major
peaks in the month of June to September which is related with the
monsoon across major parts of the country and minor peaks in
winter i.e., November to January.

Results

Demographics

Data was collected from 835 subjects. From these, 51 subjects
(6.1%) were excluded due to non-eligibility. Thus, data from 784
subjects (Fig. 1 and Table 1) were analyzed which included 253
(32.27%) cases and 531(67.73%) controls. The age ranged from 3 y
in both groups to 79 and 87 y, respectively. There was no difference
in age, gender distribution, body mass index (BMI), or in the
numbers of subjects with high risk conditions or those hospitalized
for influenza like illness (ILI). However, there were more deaths
among cases than among controls. 168 (66.40%) cases and 369
(69.49%) controls were interviewed personally or by telephone
in addition to checking their hospital records, whereas from 85
(33.60%) cases and 162 (30.51%) controls, the information was
collected from the hospital records alone. (P = 0.411).

Out of 6 vaccinated cases, 5 subjects received Oseltamivir /
Zanamivir as a treatment of ILI, out of which one received within
21 d of vaccination. While out of 48 vaccinated controls, 43
received Oseltamivir / Zanamivir out of which 9 received within
21 d of vaccination.

Vaccine effectiveness (VE)

The unadjusted overall VE was 75.5% [95% CI 42.1- 89.7].
The adjusted overall VE was similar, 76.0% (95% CI 42.1-89.7).
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The effect of confounders on overall VE was found insignificant
as follows; age (P value = 0.2436), gender (P value = 0.6711),
and presence of high risk medical conditions as per the Advisory
Committee on Immunization Practices (ACIP) criteria (P value
= 0.0890). VE when different intervals between vaccination
and onset of ILI were considered, are presented in Table 2.
When estimated among people from whom the swabs had been
collected within 4 d from the onset of illness, the VE was 77.3%
(95% CI 34.8-92.1)

Discussion

The study demonstrated good effectiveness of the newly
developed, locally manufactured vaccine. The overall vaccine
effectiveness against laboratory confirmed disease was 75.5%.
Similar design, in which the testnegative individuals have
served as controls to the test-positive group have been previously
described to assess the effectiveness of seasonal and pandemic
vaccines in North America and Europe.'''¢

Our results are comparable to the earlier inactivated A(HIN1)
pdm 2009 influenza vaccines in three case control studies which
assessed  effectiveness against laboratory-confirmed HINI
infection: 73.4% effectiveness in Korea,"” 72% effectiveness
in England and Scotland'® and 86% effectiveness in Manitoba
(Canada)” reported. A trivalent influenza vaccine for 2010
influenza season showed effectiveness of 79% in another case
control study in Australia,?® and recently, a meta-analysis of five
observational studies showed the median VE to be 69% (range
60- 93%) for monovalent A(HIN1)pdm 2009 vaccine.” Another
case control study in Spain found adjusted effectiveness of 54%
against laboratory-confirmed influenza-related hospitalizations
during the 2010-2011 influenza season.?? Although in our study,
majority of patients (around 95%) were hospitalized, the overall
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Table 1. Demographic characteristics

Characteristics (nC=a;<;3) (EO:;I;I) Pvalue
Male N (%) 146 (57.7) 313(58.9) 0.757
Mean(SD) 28.98(12.9) 30.43(18.8)
Age Median 27 26 0.770
Range 3.00-79.00 3.00-87.00
Mean(SD) 160.08 (16.3) 154.77 (21.1)
Height Median 164 161.50 0.017
Range 74.00-185.00 86.00-188.90
Mean(SD) 61.32(16.1) 56.44 (20.8)
Weight Median 63 58 0.020
Range 15.00-102.00 7.26-102.00
Mean(SD) 23.58 (4.4) 22.77 (5.5)
BMI Median 23.40 22.95 0.100
Range 11.50-36.90 9.90-47.10
High risk conditions N (%) 54 (21.3) 144 (27.1) 0.095
Swabs were obtained within 4 d after onset of ILI N (%) 206 (81.4) 399 (75.1) 0.106
Hospitalizations for ILI N (%) 240 (94.9) 505 (95.1) 0.862
Deaths N (%) 8(3.2) 3(0.6) 0.007
Vaccinated N (%) 6(2.4) 48 (9.1)
0.001
Unvaccinated N (%) 247 (97.6) 483 (91.0)
Treatment with anti-viral medications N (%) 252 (99.6) 500 (94.2) <0.0001

effectiveness was better than this. To our knowledge, this is the
only study which assessed effectiveness of any HIN1 vaccine in
India. In fact, case control studies are rare in India and in many
developing countries.

The interval from the ILI onset to specimen collection
might affect the VE estimates. Earlier studies,”*>* have used
as their cut-off an interval of 4 d. In India patients usually visit
first a general practitioner before then perhaps being referred to
a tertiary care hospital where the facilities for swabbing nasal/
throat exist. Therefore, we selected an interval of 7 d, but found
still an overall VE of 75.5%. However, if only those people were
examined from whom a swab was obtained within 4 d, VE was
almost similar, 76.7%.

Most studies'>"7*?% have examined the results also for the
vaccination-to-disease interval of > 14 d. We looked at our results
for >7, >14, or >21 d postvaccination, and found the VE to be
75.0%, 76.7%), and 78.9%. This demonstrated that the vaccine
gave protection from day 7 d onwards.

In India, the uptake of seasonal influenza vaccines is generally
low. It is not part of the government’s immunization program,
although it is recommended by the Indian Academy of Pediatrics
for children at risk. However, in case of this pandemic, the public
awareness was very high which resulted in widespread use of the
vaccine in Pune which had the maximum activity of the infection.

The price of the vaccine was affordable (around 4 US dollars)
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which meant that people from all classes could take the vaccine.
On some occasions, free vaccination camps were conducted by
non-governmental organizations. Thus the study population was
quite representative of the general population in the city.

Our study has many strengths. It was done in a real life
situation at a place where the infection and the vaccine usage
was most prevalent in India. The test negative design afforded
a right control group. Using the laboratory confirmed cases
only gave a validated result. The study had some limitations.
An age-stratified VE would have been useful, however this
was not possible because of small number of cases. Second, the
date of vaccination was not available in some subjects. For this
reason, VE was calculated after imputing this date as that when
the vaccine become available. Although date of vaccination is
important during pandemic situations to avoid misclassification
of exposure, this approximation has been used also in other case-
control studies.’® Protection due to sub-clinical infections cannot
be ruled out in some cases. Also some persons may have received
vaccine after the infection. However any such effect would have
happened in the control arm as well, thus nullifying any impact
on the effectiveness figure.

To conclude, a single dose of the intranasal Indian-made
vaccine (Nasovac®) was found well protective against laboratory
confirmed A(HIN1)pdm 2009 infection in subjects =3 y of age.
Significant, close to 80% effectiveness was observed from day
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Table 2. VE stratification according to interval between date of vaccination and onset of ILI

Period Unadjusted VE %, (Cl) Adjusted VE %, (Cl)
Overall 75.5% (95% Cl142.1-89.7) 76.0% (95% Cl142.1-89.7)
Period 1
(Difference between date of Vaccination and
lliness Onset Date is greater than 7 d) 75(408-89.5) 75.1(40.9-89.5)
Period 2
(Difference between date of Vaccination and
Iliness Onset Date is greater than 14 d) 76.7 (40.4-909) 76.5(39.8-908)
Period 3
(Difference between date of Vaccination and
lliness Onset Date is greater than 21 days) 78.9(40-92.5) 78.6(39.2-92.5)

7 postvaccination. The results demonstrate high effectiveness
of the LAIV platform. Based on the same platform, a trivalent
formulation has been developed and assessed clinically in India.
It is under regulatory process of marketing authorization.

Subjects and Methods

Setting and population

The present retrospective case control study was conducted
at five tertiary care hospitals of Pune in 2011-2012. Since the
vaccine was licensed for use in age group 23 vy, the potential
subjects of age =3 y who presented to the hospitals with the
symptoms and signs of ILI during 19 July 2010-31 December
2010 were identified from hospital records and were contacted
telephonically. ILI was defined as a fever 2100 °F and a cough
and/or sore throat. Since A(HIN1)pdm 2009 had already
become a major public health problem, most of such patients
were swabbed for confirming the diagnosis.

The vaccine was launched in India on 05 July 2010, hence
individuals reporting ILI from 19 July 2010 (i.e., two weeks
after the launch of the vaccine) were selected. Confirmed cases
in Pune started tapering in September and came down to zero
in the second half of December and hence individuals reporting
ILI until 31 December 2010 were selected. The vaccination
campaigns were conducted by private physicians in hospitals and
clinics on payment of charges. On some occasions, free vaccination
camps were conducted by non-governmental organizations. Thus
the study population was quite representative of the general
population in the city.

A case was defined as a patient whose throat or nasal swab
was collected within 7 d of the disease onset, and the influenza
A(HIN1)pdm 2009 strain was identified by reverse transcriptase
polymerase chain reaction (RT-PCR). All samples were tested
by rRT-PCR following the Centers for Disease Control and
Prevention (CDC) protocol.” The controls were ILI patients
whose throat or nasal swab were found negative for the A(HIN1)
pdm 2009 virus.

An individual was excluded from the study if he or she was
younger ®han 3y, had received inactivated HIN1 vaccine, the
Nasovac  vaccination status remained unknown, evidence of
previous laboratory confirmed influenza in the 2009-10 season,
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ILI developed within 7 d of vaccination, or the swab test result was
not available. The majority of swabs were tested at the National
Institute of Virology (NIV), Pune, which is a WHO and CDC
—qualified reference laboratory for the PCR methodology. A few
swabs were tested at two private laboratories namely Religare
laboratories and Dr Lal’s Pathology Lab, Pune although they also
followed the same methodology. During the study period, most
of the hospitalized ILI patients were swabbed in large hospitals.

Study procedures

All potential subjects identified from hospital records were
contacted by telephonic calls and/or home visits and interviews
were conducted. The information obtained from the personal/
telephonic interviews was verified using the hospital records. In
case of non-traceable individuals who were eligible as per the
criteria, interviews were not possible and relevant information was
collected from the hospital records, if it was available. If the records
did not have required information, such subjects were not included.

Demographic and clinical information including date
of birth/ age, gender, date of onset of ILI, date of specimen
collection, influenza vaccination status, vaccination date in case
of vaccinated subjects, and history of medical conditions was
collected for eligible individuals.

Individuals were defined as high risk if they had any of the
following medical conditions that increased the risk of influenza
complications like chronic pulmonary (including asthma),
cardiovascular (except hypertension), renal, hepatic, neurologic,
hematologic, or metabolic disorders (including diabetes mellitus);
residents of nursing homes and other chronic-care facilities;
morbidly obese (body-mass index is 40 or greater); health-care
personnel; household contacts and caregivers of children aged
younger than 5 y and adults aged 50 y and older; and household
contacts and caregivers of persons with medical conditions that
put them at higher risk for severe complications from influenza.

Study vaccine

Nasovac  is manufactured by Serum Institute of India Ltd. It
is stored at 2—-8 °C until use, and_is used in a one-dose regimen.
The virus strain used in Nasovac  is antigenically similar to the
A/California/7/2009 strain and is attenuated, cold-adapted, and
temperature-sensitive virus designed for vaccination.

The vaccine strain is derived from highly stable, attenuated
influenza A master donor viruses (MDV). This MDV is
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attenuated in nature and replicates efficiently at 25 °C-33 —°C
but does not replicate efficiently at temperatures above 39 °C;
these phenotypic traits have respectively been designated as
attenuated (att), cold-adapted (ca), and temperature-sensitive (ts)
phenotypes. Genetic reassortment method is used to generate
vaccine strain such that the genome composition consists of the
six internal genes namely PB1, PB2, PA, NP, M, and NS of the
MDYV and the two HA and NA gene segments of the wild type
virus A/California/07/2009. This 6:2 reassortant virus possess
stable phenotypic traits of the MDV and the antigenic properties
conferred by the HA and NA of the WHO recommended
pandemic HINI virus. Embryonated hens eggs are used as a
substrate for seed virus preparation and bulk vaccine consisting
of partially purified monovalent virus pool.

After reconstitution with 2.5 ml of sterile water, each vial
consists of 5 doses (each of 0.5 ml). 0.25 ml of reconstituted
vaccine was administered in each nostril. Each dose of 0.5 ml
contains not less than 10" EID5( of the live attenuated influenza
virus re-assortant of the A(HIND)pdm 2009 virus, partially
hydrolysed gelatin 2.5% and sorbitol 5.0%. The batches of
Nasovac were marketed after the in-house quality control
testing and the release by the Central Drug Laboratories (CDL),
Kasauli.

Statistical analysis

Using an o error of 0.05, a power of 0.80, and an odds ratio
of 0.4 in a population with 20% vaccine coverage, 181 cases
and 181 controls were required. SAS 9.2 was used for statistical
testing. For age, the mean, standard deviation (SD), median, and
range are given, whereas the gender was expressed as the number
and percentage. Demographic and baseline characteristics
between the cases and controls were compared by Fisher’s exact
test (categorical data) / Kruskal Wallis test (continuous data). For
vaccine effectiveness, potential confounders considered were age,
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