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Rotavirus was first identified as a human pathogen just over 40 years ago, and work on this pathogen in India started shortly thereafter.
Subsequent studies have confirmed its pre-eminent role in gastroenteritis in children in India. Standardized surveillance has enabled the
documentation of the high burden of disease, and has demonstrated that there is considerable geographic and temporal variation in strain
circulation. Internationally licensed vaccines, vaccine candidates based on indigenous strains and out-licensed strains have been tested
for safety, immunogenicity and efficacy; three vaccines are now licensed in India and are used in the private sector. Public sector
vaccination has begun, and it will be path-breaking for Indian vaccinologists to measure impact of vaccine introduction in terms of safety
and effectiveness. So far, India has kept pace with international epidemiologic and vaccine research on rotavirus, and these efforts should
continue.
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n 1973, Ruth Bishop and colleagues published a
paper in the Lancet describing virus particles in
epithelial cells of the duodenal mucosa of children
with acute non-bacterial gastroenteritis [1]. Two
years later, lan Holmes, the el ectron microscopist —who
had seen the round-wheel shaped structures in the
samples that Bishop provided — visited Southern India
and taught Minnie Mathan at the Christian Medical
College, Vellore how to recognize these distinctive
viruses. The first paper on rotavirus from India was
published in 1977 [2] that described the virus to be
associated with 26% of severe gastroenteritis. Shortly
thereafter, Dr. Panicker in Calicut (asit wasthen known),
contacted Dr. Mathan to analyze samples from an
outbreak of gastroenteritis, and their joint work
demonstrated that rotavirus wasthe cause of the outbreak
and subsequently that rotavirus disease was seasonal [ 3].

Scientists learnt that it was possible to distinguish
rotaviruses based on the patterns of migration of the 11
segments of double-stranded RNA. Electropherotyping
methods were established that showed different
circulating typesof rotavirus, with variationsby location.
Subsequently, enzyme immunoassays become available,
and several researchers in India began to identify
rotavirus infections not only in children with acute
diarrhea, but also in animals[4,5]. Bhan, et al. [6] from
All India Institute of Medical Sciences (New Delhi)
showed that a large proportion of neonates in their
nursery were asymptomatically infected with rotavirus.
When these babies were followed up over time, it was
shown that these children were protected from severe
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rotavirus gastroenteritis, and that the strainsisol ated from
these children were al similar based on
electropherotyping [6]. Dr. Bhan, who later became the
Secretary of the Department of Biotechnology (DBT;
Government of India), collaborated with Roger Glass,
whom he had met when Dr. Glass had worked in
Bangladesh. Dr. Glass went on to the Centers of Disease
Control and Prevention in Atlanta, and supported the
characterization of the 116E neonatal strain that had been
isolated in AIIMS, by Dr Bimal Das. Hiswork, based on
sequencing of the strain, showed that the strain was
unusual, in belonging to the G9P[11] serotype, because
most strains detected up to that time from humans had
been G1-4 and in being a natural reassortant strain,
carrying the P[11] gene of bovine origin [7]. Further
studies explored why neonates were infected when
mothers had transferred anti-rotavirus antibodies to their
infants. It was shown that theinfected children did mount
an antibody response, and it was postulated that the
presence of the bovine capsid protein allowed the
children to get infected even though transplacental or
breast milk antibodieswerereceived from themother [8].

A similar story emerged in Bangal ore, where C Durga
Rao and his colleagues identified a strain that
asymptomatically infected neonates resulting in
subsequent decreases in rotavirus infection and disease.
The strain, called 1321, was aso a bovine human
reassortant, but unlike 116E, which has only one bovine
gene, it consisted of mainly bovinegenes|[9].

While these studies were being done, through the
1980s and early 1990s, various enzyme immunoassays

VoLumE 53—JuLy 15, 2016



GKANG

and electrophoresis techniques were used to identify
rotaviruses from children in out-patient and in-patient
settings, and wherever studies were done, rotaviruses
were associated with a significant proportion of acute
diarrheal disease, up to 20-50% with winter peaks,
particularly in the North [10]. The enzyme immunoassay
kitswere expensiveand the National Institute of Virology
developed reagents for a similar test for rotavirus [11],
but it was not widely used, becausetesting for rotavirusin
routine practice was hon-existent. Specific serafor typing
of thetwo outer capsid proteinsbecame available through
international collaborations and the diversity of
rotaviruses in India and the change in strains was
increasingly evident. When polymerase chain reaction
(PCR)-based techniques were well established in the
1990s, they confirmed the finding of high diversity and
the occurrence of unusual strains, possibly due to
zoonoticinfections[12].

In paralel to the several small surveillance studies,
the two neonatal strains of rotavirus that had been
identified in Delhi and Bangalore were adapted to cell
culture and grown to make vaccine candidates. The DBT
(India) and the National Institutes of Heath (US)
supported rotavirus vaccine development through the
Indo-US Vaccine Action Program (VAP) that was
established in the 1980sthrough severa grants. Inthelate
1990s, the VAP decided to support a new company,
Bharat Biotech International Limited, to take the
development of 116E and 1321 vaccines forward. Initia
phase| testing had been conducted in the USwith support
from the CDC and NIH, but the studies were repeated in
Indiaand extended into phase Il [9]. In phasell, the 321
strain was found to be less immunogenic with only 30%
of children seroconverting, whereas the 116E strain
seroconverted more than 80% of children, and hence
only the 116E strain was taken forward into phase I11.
Other studies in neonates had shown that strains, that
resembled 1321, infected children in Vellore, and that
these children were not protected from subsequent
rotavirusinfection or diarrhea[13]. Whiletheindigenous
vaccine candidate was undergoing clinical testing, the
Indian Council for Medical Research (ICMR) decided to
make a large investment in rotavirus surveillance and
established a multi-site network, which unlike severa
previous studies that had al differed in study design and
diagnostic approaches, used similar methods for
recruitment and testing. This standardized approach
reveal ed that unlike previous studieswhich had estimated
that rotavirus caused about 20% of hospitalized
gastroenteritis, the proportion that were testing positive
wascloser to 40%[12]. Inaddition to the studiesfocused
on burden of disease and vaccination, Indian researchers
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initiated more basic studies on the biology of rotavirus—
studying structure and function of rotaviral proteins, thus
complementing the work that isbeing conducted in other
settings[14,15].

Despite the basic research and the multitude of
hospital-based studies, there have been very few
community-based studies on rotavirus in India. The
largest birth cohort study to evaluate rotavirus infection
was conducted in Vellore between 2001 and 2006 [16,
17]. This study showed that unlike the previous birth
cohort studies in other parts of the world — athough
rotavirus infection was common and rotavirus was the
most important pathogen causing diarrhea in the
community — the protection afforded by prior rotavirus
infection was less than that seen in other birth cohorts
[16]. Thisled to the question of how well vaccineswould
work, and modelling studies based on the Vellore data
estimated a protection of about 50% in disadvantaged
populations[18].

Whilethe indigenous vaccine candidate wasin phase
Il and Il studies, the two internationally licensed
vaccines underwent immunogenicity bridging studies at
multiplesitesin India. Based on 58% immunogenicity for
Rotarix and 83% for Rotateq — but by different ways of
assessing immunogenicity — Rotarix and Rotateq, were
licensed [19, 20], and used in the private market, with the
Indian Academy of Pediatrics, reviewing their
performance and making recommendations for their use
[21]. In 2014, the results of the efficacy trial with 116E
became available, and at 55% efficacy, the performance
of this vaccine was comparable to that of Rotarix and
Rotateq in Africa and other countries in Asia [22]. This
was despite the fact that the very close monitoring and
early treatment of children in the efficacy tria
considerably reduced theincidence of severedisease.

In parallel with the vaccine testing, a number of
studies estimated the burden of disease in India and the
cost-effectiveness of rotavirus vaccines, and al studies
demonstrated that in India, the vaccines would be cost-
effective at the price at which vaccineswere availablefor
the Indian private and public markets [23,24]. India's
birth cohort of 27 million isthe largest in the world, and
unfortunately even though the number of diarrheal deaths
is decreasing rapidly, the number of deaths attributed to
rotavirus is numerically the largest for any country.
Giventhat mortality dueto diarrheal diseaseisdecreasing
with access to care, rehydration and better nutrition, the
impact of vaccines should be measured not only as
reductioninmortality but also in averted hospitalizations,
as emphasized in an editorial in thisissue[25]. Thereis
also a need to revisit cost-effectiveness, since mortality
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has decreased and costing studies which informed earlier
estimateswere coll ected adecade ago and excluded costs
in children admitted with gastroenteritis who required
higher levelsof care, which are now available, along with
limited more recent estimates[26,27].

The severa studies by theICMR and DBT aswell as
academic researchersin India over decades, resulted in a
situation that when aff ordable rotavirus vaccines became
available for the national immunization program, the
evidence basefor vaccineintroduction and the cost utility
of rotavirus vaccines aready existed, and it was possible
for the National Technical Advisory Group on Immuni-
zation to recommend to the Ministry of Health and
Family Welfare that the vaccine should be introduced for
the children who need it the most. The recommendation
was accepted and a phased introduction began in 2016
with Odisha, Andhra Pradesh, Haryana and Himachal
Pradesh, but will roll out nation-wide as supply becomes
availablefor therest of India

Other than for polio, which was a global eradication
effort, and hence different from rotavirus, there have been
few systematic efforts to assess the impact of a newly
introduced vaccinein India In countries where vaccines
have been introduced nation-wide, there have been
remarkable effects of reduction in severe rotavirus
gastroenteritis, all-cause gastroenteritis and all-cause
gastroenteritis mortality as well as reductions in
gastroenteritis in unvaccinated age groups, indicating a
herd effect [28]. Such studiesare planned for Indiawhich
will assess the effectiveness of the vaccine in routine use
as well as monitor its safety [25,29]. Several concerns
have been raised in the mediaabout the saf ety of rotavirus
vaccines and the potential for intussusception. Both
Rotarix and Rotateq have been associated with a small
increased risk where they have been given to several
hundreds of thousands of children [28]. Rotavac, the
vaccine that will, at least, initially, be used in the public
health immunization system in India, has not been tested
in such large numbers, and whilethe studies conducted so
far have shown no risk, there need to be continued
monitoring both through the post-marketing surveillance
required by the Drugs Controller General of Indiaaswell
asinthe public healthimmunization system.

The ICMR has been preparing for the monitoring of
impact through expanded surveillance, which showsthat
the burden continues to be high [30,31], and similar
studies have also been conducted by other researchers
across India [32-35]. While the epidemiologic and
vaccine studies were conducted during the past decade,
there were aso efforts to understand the basis of
the immune response to rotavirus and rotavirus vaccines
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FiG. 1 Peer-reviewed publicationson rotavirusfromindia.

[36, 37] and the reasons why rotavirus vaccination
efficacy was less in developed than in developing
countries. Several reasons have been proposed, including
high levels of maternal antibodies, environmental
enteropathy, and malnutrition or micronutrient
deficiencies. Studies are being conducted on approaches
to improve performance of vaccines, but with little
success so far [38, 39]. One question that remains
unanswered is how well rotavirus vaccines perform in
children of upper socio-economic status in India, and
such astudy hasnever been done.

Other companies in India are aso working on
rotavirusvaccines, with Serum Institute of India, Shantha
Biotechnics and Hilleman Laboratories all having
rotavirus vaccine programs at various stages of
development. Overall, rotavirus has been one vaccine
preventable disease where India has kept pace with the
rest of the world in conducting comprehensive research,
with over 500 studies resulting in publications in peer-
reviewed journals (Fig. 1). We have now developed at
least one indigenous vaccine, and whether it is this
vaccine or othersthat are used, we should ensure that we
continue to conduct appropriate research to monitor this
important cause of childhood gastroenteritis, its
treatment and prevention.
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