
Seasonality of Rotavirus in South Asia: A Meta-Analysis
Approach Assessing Associations with Temperature,
Precipitation, and Vegetation Index
Jyotsna S. Jagai1,2*, Rajiv Sarkar3, Denise Castronovo4, Deepthi Kattula3, Jesse McEntee5,

Honorine Ward2,3, Gagandeep Kang3, Elena N. Naumova2,3,6*

1 National Health and Environmental Effects Research Laboratory, Office of Research and Development, U.S. Environmental Protection Agency, Research Triangle Park,

North Carolina, United States of America, 2 Department of Public Health and Community Medicine, Tufts University School of Medicine, Boston, Masschusetts, United

States of America, 3 Christian Medical College, Vellore, India, 4 Mapping Sustainability, LLC, Jupiter, Florida, United States of America, 5 The ESRC Centre for Business

Relationships, Accountability, Sustainability and Society, Cardiff University, Cardiff, Wales, United Kingdom, 6 Department of Civil and Environmental Engineering, Tufts

University School of Engineering, Medford, Massachusetts, United States of America

Abstract

Background: Rotavirus infection causes a significant proportion of diarrhea in infants and young children worldwide leading
to dehydration, hospitalization, and in some cases death. Rotavirus infection represents a significant burden of disease in
developing countries, such as those in South Asia.

Methods: We conducted a meta-analysis to examine how patterns of rotavirus infection relate to temperature and
precipitation in South Asia. Monthly rotavirus data were abstracted from 39 published epidemiological studies and related
to monthly aggregated ambient temperature and cumulative precipitation for each study location using linear mixed-
effects models. We also considered associations with vegetation index, gathered from remote sensing data. Finally, we
assessed whether the relationship varied in tropical climates and humid mid-latitude climates.

Results: Overall, as well as in tropical and humid mid-latitude climates, low temperature and precipitation levels are
significant predictors of an increased rate of rotaviral diarrhea. A 1uC decrease in monthly ambient temperature and a
decrease of 10 mm in precipitation are associated with 1.3% and 0.3% increase above the annual level in rotavirus
infections, respectively. When assessing lagged relationships, temperature and precipitation in the previous month
remained significant predictors and the association with temperature was stronger in the tropical climate. The same
association was seen for vegetation index; a seasonal decline of 0.1 units results in a 3.8% increase in rate of rotavirus.

Conclusions: In South Asia the highest rate of rotavirus was seen in the colder, drier months. Meteorological characteristics
can be used to better focus and target public health prevention programs.

Citation: Jagai JS, Sarkar R, Castronovo D, Kattula D, McEntee J, et al. (2012) Seasonality of Rotavirus in South Asia: A Meta-Analysis Approach Assessing
Associations with Temperature, Precipitation, and Vegetation Index. PLoS ONE 7(5): e38168. doi:10.1371/journal.pone.0038168

Editor: Cécile Viboud, National Institutes of Health, United States of America

Received December 22, 2011; Accepted May 3, 2012; Published May 31, 2012

This is an open-access article, free of all copyright, and may be freely reproduced, distributed, transmitted, modified, built upon, or otherwise used by anyone for
any lawful purpose. The work is made available under the Creative Commons CC0 public domain dedication.

Funding: This work was funded in part by the National Institute of Environmental Health Sciences (NIEHS ES 013171, ENN); CDC/IMCR, National Institutes of
Health (NIH), Ruth L. Kirschstein NIH National Research Trainee Fellowship (T90-DK070117-05, JSJ); FIC Global Infectious Disease Research Training grant (D43
TW007392, RS); PHS grants ‘‘Molecular epidemiology of cryptosporidiosis in India’’ (R03 TW2711, GK) and ‘‘Immune Response to Cryptosporidium in a Birth Cohort
of Children of South India’’ (NIAID R01 AI072222, HW); CDC/Indo-US Concept ‘‘Environmental Indicators for Diarrheal Infections in South India’’ (ENN); and the
Global Infectious Disease Research Training Grant (D43TW007392; GK). The funders had no role in study design, data collection and analysis, decision to publish,
or preparation of the manuscript.

Competing Interests: The authors have declared that no competing interests exist.

* E-mail: elena.naumova@tufts.edu (ENN); jagai.jyotsna@epa.gov (JSJ)

Introduction

Rotavirus causes a significant proportion of diarrhea in infants

and young children worldwide leading to dehydration, hospital-

ization and in some cases death. It has been estimated that the

proportion of hospitalizations for childhood diarrhea due to

rotavirus has increased from 22% to 39% from 1986 to 2004 [1]

and for 2004 there were an estimated 527,000 rotavirus-related

deaths annually worldwide [2]. Rotavirus is a common infection in

children worldwide and it is estimated that by age 5 nearly every

child will have an episode of rotavirus infection [3,4]. Children in

developing countries, such as those in South Asia, bear the greatest

burden of deaths, up to 82%, from rotavirus infection, primarily

due to malnutrition or lack of access to rehydration therapy [3]. A

recent review on the burden of rotavirus diarrhea estimated that

rotavirus is responsible for the death of approximately 122,000–

153,000 children annually in India alone [4]. As of 2006, there are

two live oral vaccines which have undergone large scale clinical

trials and are being introduced globally [5,6]. These vaccines may

have a significant impact in developing countries. Increased

understanding of the epidemiology and, in particular, seasonal

patterns of rotavirus in these countries is needed to ensure effective

vaccine intervention programs [6].
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Seasonal fluctuations in infectious diseases, and specifically in

rotavirus infection, are a well-known and well documented

phenomenon [7,8]. Rotavirus manifests at low endemic levels

with pronounced seasonal outbreaks with considerable geographic

variation. The virus is considered a winter disease with most cases

observed in the coldest time of the year [7–9]. A review of 34

studies conducted worldwide found that rotavirus is more common

in the cooler months in the temperate zones, yet the peak of

disease can vary from autumn to spring [7]. The strong winter

peak was seen primarily in the Americas, though in cities which

cover various climates such as Toronto, Ontario, Canada and

Houston, Texas, USA [7]. However in tropics (within 10N or 10S

of the Equator) the pattern is less defined and autumn/spring

peaks are more common [7]. A recent review considered the

tropical region specifically and associated monthly disease

incidence with meteorological variables for the same month.

The analysis found that a 1uC increase in mean temperature

resulted in a 10% decrease in rotavirus incidence and a 1 cm

increase in mean monthly rainfall was associated with a 1%

decrease in rotavirus incidence [8]. A review of 43 studies

conducted in Africa found that rotavirus was detected year-round

in nearly every country and generally exhibited distinct seasonal

peaks during the dry months [10]. Another study of hospitalization

for rotavirus which was conducted in three Australian cities found

that admissions for rotavirus diarrhea peaked in winter and spring

and was lowest in summer [11]. They also found that higher

temperature and humidity in the previous week were associated

with a decrease in rotavirus diarrheal admissions in all three cities

[11].

The core of seasonality in infectious diseases is thought to be

related to temporal oscillations in the governing transmission

cycles of pathogenic agents and host susceptibility. Seasonal factors

operate at many levels, creating temporal changes in human

behavior, including sanitation and hygiene practices, and proba-

bility of environmental exposures [7,12–16]. Despite growing

attention to disease seasonality, a solid theoretical underpinning

for seasonal peaks is limited. Better insight into the nature of

disease seasonality can be gained from understanding the

association with meteorological and environmental drivers. With

increasing monitoring of rotavirus worldwide [10,17], a more

detailed documentation of seasonality will soon be available.

In developing countries consistent meteorological monitoring

data is limited therefore satellite imagery can be advantageous and

used as a proxy for the combined effects of temperature and

precipitation. Remote sensing data are primarily used to derive

characteristics related to vegetation cover, landscape structure,

and water content. The Vegetation Index (VI) is a measure of

density of plant growth which is calculated from remote sensing

data. Very low values of VI (0.1 and below) correspond to barren

areas of rock, sand, or snow. Moderate values represent shrub and

grassland (0.2 to 0.3), while high values indicate temperate and

tropical rainforests (0.6 to 0.8). Measures of the VI have been used

in previous epidemiological studies [18] and has demonstrated

predictive properties for onchocerciasis in Ethiopia [19], schisto-

somiasis in Brazil [20], West Nile Virus in New York City [21],

and cryptosporidiosis for specific climates in Africa [22].

The objective of this study is to increase the understanding of

seasonality of rotavirus diarrhea and associations with meteoro-

logical characteristics in South Asia. We assembled a set of time

series representing monthly rate of rotavirus from 39 studies

conducted in South Asia and examined the relationships between

disease rate and meteorological factors, namely precipitation and

ambient temperature. We also consider the association between

rate of rotavirus and vegetation index, a remote sensing measure of

the combined effects of temperature and precipitation.

Methods

Outcome Data
We conducted a meta-analysis of studies published on rotavirus

infection from 1966 to 2010 in South Asia, defined as India,

Pakistan, Bangladesh, Sri Lanka, Nepal, and Bhutan. Literature

was gathered using the Ovid MEDLINE search engine. The

keywords used in the search were rotavirus infections or rotavirus.

These keywords were combined with seasonality and seasons,

resulting in 567 citations. The search was further narrowed by

adding the keywords Asia, Asia Central, Asia Western, Asia Southeastern

resulting in a total of 152 citations after duplicate citations were

removed. This database of studies was supplemented with

references from review articles of rotavirus [7,8,16] and with

studies from our own archives that included studies which do not

appear in Ovid MEDLINE as they are published in South Asian

scientific journals. This resulted in a total of 166 studies for

evaluation. Studies were evaluated based on the following four

criteria:

1) studies must provide observational data on rotavirus in

humans who are not immuno-compromised (i.e., HIV/

AIDS patients);

2) studies must include at least a full year of data to cover all

seasons;

3) studies must provide disease incidence or prevalence data on

a daily, weekly, or monthly aggregation;

4) studies must provide data for a single location (i.e., hospital,

village, etc).

Studies which did not meet the criteria were excluded (Figure 1).

A total of 40 studies met the study criteria of which 26 studies

presented data in the published journal article (2 presented data on

the same cohort; therefore the duplicate study was not included).

We contacted the authors of 11 studies; 6 were able to provide

data in the requested format. The remaining 8 studies provided

monthly data aggregated over the entire study period. The final

analysis comprised data from 39 studies. Data on rotavirus were

aggregated on a monthly basis producing 47 time series, reflecting

discrete time periods and locations (Table 1). Four studies

provided data for more than one location or period of time.

Exposure Data: Temperature and Precipitation
Based on the latitude and longitude of the study location for

each times series, we supplemented monthly rotavirus data with

time specific monthly mean ambient temperature and monthly

cumulative precipitation, obtained from the National Climatic

Data Center databases (792 of 1046 months = 75.7%). When

meteorological data specific to the time of the study were

unavailable (254 of 1046 months = 24.3%), normals for monthly

average temperature and cumulative precipitation were gathered

from Global Historical Climatology Network. Each study location

was classified based on the Köppen Climate Classification [23].

Using the study locations’ latitude and longitude information each

study location was superimposed on a map of Köppen Climate

Classification and using a GIS spatial overlay each location was

classified into a specific climate category. For the purposes of

analysis we used only the four major classifications; moist tropical

climates (Climate A), arid and semiarid climates (Climate B),

humid mid-latitude areas (Climate C) and colder temperate areas

(Climate D) (Figure 2).
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Exposure Data: Vegetation Index
Vegetation index (VI) data were obtained from two sources: the

Global Inventory Monitoring and Mapping Studies (GIMMS)

data for locations with study dates from 1981 to 2000 and the

NASA’s Moderate-resolution Imaging Spectroradiometer

(MODIS) Terra satellite for locations with study dates from

2000 to 2007. GIMMS data are hosted by the Global Land Cover

Facility of the University of Maryland [24], and are derived from

Advanced Very High Resolution Radiometer (AVHRR) sensors

on board the National Oceanic and Atmospheric Administration’s

(NOAA) satellite series: NOAA-7, NOAA-9, NOAA-11, NOAA-

14 and NOAA-16. GIMMS processing aims to create a consistent

time series of the Normalized Difference Vegetation Index (NDVI)

from the AVHRR satellite series by correcting for differences in

Figure 1. Study selection flow chart. Flow chart of selection of studies utilized in the meta-analysis including inclusion and exclusion criteria.
doi:10.1371/journal.pone.0038168.g001
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solar illumination angles and sensor view angles over the period of

record, caused by satellite overpass time drift. GIMMS processing

also reduces NDVI variations that arise from sensor band

calibration, volcanic aerosols, cloud cover and water vapor. We

acquired GIMMS data on a bimonthly basis as a normalized

difference vegetation index (NDVI) composite product with 1 km

spatial resolution [24]. MODIS Terra data are hosted by NASA’s

Warehouse Inventory Search Tool (WIST) and are available from

2000 to present at temporal resolutions of 16 days and 1 month

and spatial resolutions of 250 m, 500 m, 1 km and 0.25 degrees.

From the MODIS Terra satellite, we acquired monthly composite

Enhanced Vegetation Index (EVI) data at 1 km resolution. We

chose 1 km spatial resolution to remain consistent with the

GIMMS data. Although MODIS data are available on a

bimonthly basis, we acquired monthly composite data to help

remove errors caused by clouds, sun glare, and the satellite

instrument itself [25] and to match the monthly rotavirus time

series. The MODIS sensor has many advantages over the

AVHRR satellite series for calculating vegetation indices. MODIS

offers a higher spatial resolution and also has narrower bandwidths

in the red and near infrared that improve its sensitivity to

chlorophyll and produces less distortion from atmospheric water

vapor [25].

The Normalized Difference Vegetation Index (NDVI) measures

vegetation cover, and over time can be used to monitor plant

growth. NDVI is calculated as follows [26]:

NDVI~
rnir{rred

rnirzrred

Where rnir is the reflectance in the near-infrared portion of the

electromagnetic spectrum and rred is the reflectance in the red

region. In the red region of the electromagnetic spectrum, sunlight

is absorbed by chlorophyll, causing low red-light reflectance. In

the near-infrared portion of the spectrum, the leaf’s spongy

mesophyll causes high reflectance. NDVI values range from 21.0

to 1.0, where healthy vegetation has increasingly positive values

and decreasing negative values indicate rock, soil, snow, ice or

clouds [27].

Figure 2. Map of study locations on Köppen Climate. Study locations mapped on Köppen Climate Classification system (Climate categories: A -
moist tropical climates, B - arid and semiarid climates, C - humid mid-latitude areas, D - colder temperate areas) with indication of source of remote
sensing data (GIMMS – Global Inventory Monitoring and Mapping Studies, MODIS – NASA’s Moderate-resolution Imaging Spectroradiometer) and
number of years of data available.
doi:10.1371/journal.pone.0038168.g002
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The Enhanced Vegetation Index (EVI) is a modification on

NDVI that adds adjustment factors for soil and aerosol scattering.

Liu and Huete [28] defined EVI as follows:

EVI~G|
rnir{rred

rnirz C1|rred{C2|rblueð ÞzL

where L is a soil adjustment factor. C1 and C2 are coefficients that

correct the red band for aerosol scattering by factoring in the blue

band. Reflectance values for the near-infrared, red, and blue

wavelengths are designated by rnir, rred, and rblue, respectively.

Usually, G = 2.5, C1 = 6.0, C2 = 7.5, and L = 1.

Although MODIS Terra provides both NDVI and EVI

products, we chose to analyze the EVI product for several

important reasons. EVI is better at correcting for distortions

caused by reflected light from particles in the air and from the

ground cover below the vegetation. In areas with heavy vegetation,

EVI is more sensitive to small changes and does not become

saturated as easily as NDVI. NDVI responds mostly to variations

in the red band which occur from chlorophyll, whereas EVI

depends more upon the near-infrared band that is responsive to

structural variations in the canopy [25].

Vegetation indices were not available for four studies prior to

1981. The only instrument acquiring daily global imagery was the

AVHRR sensor on board the NOAA-6 satellite, which was

launched in 1979. NOAA-6 has a daylight overpass time of 0730

hours whereas NOAA-7, launched in 1981, has a daylight

overpass time of 1430 hours. NDVI products are not created

from the NOAA satellites with early morning daylight overpass

times (NOAA-6 and NOAA-8), because the lower solar zenith

angle produces inconsistent and less intense radiance measure-

ments than the afternoon solar illumination conditions from the

other NOAA satellites [29]. Landsat multispectral scanner MSS

offers an alternative to the AVHRR sensor for vegetation studies

prior to 1981 [30]. However, due to its 18-day repeat cycle

Landsat MSS does not produce enough cloud-free images to

create a monthly time series for measuring seasonal vegetation

dynamics [29].

Each study area was defined by locating the city on aerial

imagery within Google Earth and creating a polygon around the

city measuring 40 square kilometers that avoided large water

bodies. ESRI’s ArcMap 9.2 software and the Arc2Earth extension

converted the polygon KML files to ArcGIS format. Bimonthly

GIMMS data were acquired as geo-referenced TIF images in a

geographic coordinate system, which are fully compatible with

ArcGIS 9.2. Duke University’s Marine Geospatial Ecology Toolset

converted the monthly MODIS data from the HDF file format to

ArcGIS rasters. For quality control, each study location polygon

was overlaid onto the satellite imagery in conjunction with global

country data to ensure proper alignment. We used Python scripts

and ArcToolbox’s Zonal Statistics function to create a time series

of the mean vegetation index for each study area. For the GIMMS

data, bimonthly statistics were averaged to create one monthly

value.

Data Standardization
The studies selected for this analysis used different measures for

rotavirus outcome. Of the 39 studies, 25 studies (64.1%) presented

outcome data as number of cases, 13 studies (33.3%) presented

outcome as percent positive stools, and one study (2.6%) presented

the outcome as incidence. In order to standardize different

outcome measures the raw values were normalized into z-scores

on a time series-by-time series basis. The z-score was calculated

using the mean and standard deviation for the complete duration

(all months) of each study as follows:

Zij~
uij{�uui

si

where Zij is the z-score for the actual value for outcome, uij

(rotavirus cases, incidence or percent positive stools), for time series

i in month j and �uui and si are the mean and standard deviation for

each time series, respectively. We also standardized exposure

characteristics (temperature, precipitation and vegetation index) to

adjust for location specific variations and assess relative associa-

tions [22].

Data Analysis: Mixed Effects Models
The relationship between the normalized outcome and mete-

orological parameters was examined using a regression model

adapted to time series data. We applied a linear mixed effects

model to link the z-score of monthly rotavirus values with z-score

of temperature, z-score of precipitation, and z-score of VI

individually and control for the length of the time series at each

study location. The mixed effects regression model was defined as

follows:

Yij~b0zb1Xijzb0izb1iXijzeij ,

where Yij is the rotavirus z-score, and Xij is the exposure of interest

(temperature z-score, precipitation z-score, or VI z-score), the

fixed effects: b0 is the population intercept, b1 is the population

slope, and random effects: b0 is the study intercept and b1 is the

study slope. The mixed effects model accounts for unequal lengths

of times series included in the analysis, so studies which contribute

less data have a smaller effect on the overall results. This model

also allows us to explore the relationship between temporal

fluctuations in rotavirus and meteorological conditions of each

study as compared to the overall pattern for all studies. We

examined the relationships overall for all locations as well as for

tropical climates (Climate A) and humid mid-latitude climates

(Climate C). As there were only two studies, for the same location,

in the arid/semi arid (Climate B) category we did not examine

relationships for this climate category.

We considered four regression models. Model 1 was defined as

the synchronous model and assessed the association between

rotavirus z-score and temperature, precipitation, and VI z-score

individually. In Model 2, the exposure was lagged by one month to

assess whether increased rotavirus rates are associated with

temperature, precipitation and VI exposure from the previous

month. Model 3 was the synchronous model (Model 1) adjusted

for the distance from the equator. In Model 3, we included the

square of the study location’s latitude to emphasize proximity to

the equator and the interaction with the exposure in the regression

model as a fixed effect for each individual exposure predictors to

control for the location’s distance from the equator. By adjusting

for the distance from the equator we can account, in part, for

heterogeneity in the interaction between annual temperature and

precipitation levels and overall climate characteristics. Finally, in

Model 4 the exposure was lagged by one month and the model

was adjusted for the distance from the equator. Regression

parameters were tested at a= 0.05 significance level. All analysis

was conducted using R Software (Version 2.9.2).

The regression parameters can be interpreted in terms of the z-

score; a one unit change in z-score of an exposure variable is

associated with an estimated change in z-score of dependant

variable. A one unit change in z-score is equivalent to the standard
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deviation estimate of the given time series, thus to express the

estimated effect in the original units of the explanatory variable the

regression parameter can be divided by the value of the

corresponding standard deviation estimate. Assuming that the

majority of values of monthly measures of rotavirus infections are

within the range of six standard deviations, we can then express

the effect in terms of percent change by dividing the estimated

effect in the original units of explanatory variable by 6 and

multiplying the result by 100%.

Data Analysis: Poisson Harmonic Regression
To evaluate varying seasonal patterns based on study location,

we conducted a seasonality assessment. Annual seasonal patterns

were examined for study locations that included rotavirus data for

3 or more years using Poisson harmonic regression. There were six

study locations which included sufficient data for detailed

seasonality analysis. Seasonality is characterized as systematic,

periodic fluctuations within the course of a year. It is assessed by

several parameters: 1) the time when the seasonal curve reaches its

maximum, 2) annual maximum value (peak), and 3) annual

minimum value (nadir) [31]. These seasonal parameters are

calculated based on values predicted by the harmonic regression:

ln (E½yt�)~b0zb1 sin (2pvt)zb2 cos (2pvt)

zb3 sin (4pvt)zb4 cos (4pvt)zet

where yt is a time-series rotavirus z-score, t is time in months, v is

frequency (v = 1/12), b0 is intercept, b1, b2, b3, and b4 are

regression parameters, and et is the error term. We use two

harmonics to account for the double peak seen in several time

series. Using the estimate for the regression parameters, we

calculated peak timing and intensity based on the d – method [32].

The relative intensity, a measure of the shape of the seasonal

pattern from peak to nadir, is calculated by dividing the estimated

seasonal maximum value by the estimated seasonal minimum

value.

Results

A total of 47 time series were used in this analysis to assess the

relationship between monthly rotavirus rate in South Asia with

ambient temperature and precipitation. All study locations

provided a total of 1046 months of data; on average, each study

location had 22 months of data. The scatterplots of independent

variables with rotavirus z-score demonstrate a stronger association

in temperature for both climate categories than in precipitation

and vegetation index (Figure 3). Descriptive analysis illustrates the

average values of temperature, cumulative precipitation, and

vegetation index for all study locations and also for each climate

subcategory (Table 2). As all studies are from South Asia, there is

little difference in the average temperature range by climate

categories. The primary variation by climate category is seen in

precipitation. The vegetation index is similar for moist tropical

areas (A) and humid mid-latitude areas (C); but averaged much

smaller values in the arid and semiarid region (B).

The highest levels of rotavirus are seen in the colder, drier

months of the year (,December–March). When assessing

synchronized relationships (Model 1), all exposure parameters,

temperature, precipitation, and VI z-score were significant

negative predictors of rotavirus z-score and this relationship held

for both the tropical (Climate A) and humid-mid latitude (Climate

C) climates (Table 3). For all studies, a one unit increase in

temperature z-score, precipitation z-score and VI z-score resulted

in a 20.379 (95% CI: 20.435, 20.323), 20.246 (95% CI:

20.305, 20.188), and 20.253 (95% CI: 20.314, 20.193) unit

decrease in the rotavirus z-score, respectively. Therefore, the

overall effect of a 1uC decrease in monthly ambient temperature is

associated with 0.078 unit increase above the annual rotavirus

level, which is proportional to 1.3% increase in rotavirus

infections. Similarly, a decrease of 10 mm in precipitation is

associated with 0.3% increase in rotavirus infections. A decrease of

0.1 units in vegetation index for a seasonal change – compared to

the annual norm of 0.3 – is associated with a 3.8% increase above

the annual rotavirus level. In the tropical climates (Climate A)

temperature is more strongly associated with a decrease in

rotavirus and in the humid mid-latitude climate (Climate C)

temperature and precipitation have similar negative association

with rotavirus z-score. In the tropical climates a decrease of 1uC
from annual average of 26.2uC in monthly ambient temperature is

associated with 0.13 unit increase above the rotavirus annual level,

or a 2.2% increase in rotavirus infections, while in the humid mid-

latitude climate (Climate C) a decrease of 1uC in temperature

below annual mean of 24.2uC results in lesser but significant

Figure 3. Histograms of independent variables and scatterplots showing relationships with rotavirus z-score. Histograms showing
distribution of independent variables (temperature – Panel A, precipitation – Panel C, vegetation index – Panel E) by climate, tropical climates (A) in
red and mid-latitude climates (C) in blue. Scatterplots showing the relationship between independent variables and rotavirus z-score (temperature –
Panel B, precipitation – Panel D, vegetation index – Panel F) by climate, tropical climates (A) in red and mid-latitude climates (C) in blue.
doi:10.1371/journal.pone.0038168.g003

Table 2. Descriptive characteristics for all studies and by climate category.

EXPOSURE VARIABLE ALL STUDIES CLIMATE A MOIST TROPICAL CLIMATE B ARID AND SEMIARID CLIMATE C HUMID MID-LATITUDE

TEMPERATURE (uC) 25.5564.81 26.2463.33 26.7064.22 24.2266.53

PRECIPITATION (MM) 90.136129.47 111.286147.88 24.20636.30 58.82683.37

# OF TIME SERIES 47 30 2 15

MONTHS 1046 649 36 361

VEGETATION INDEX 0.3160.11 0.3360.90 0.1360.02 0.3060.11

# OF TIME SERIES 43 26 2 15

MONTHS 972 575 36 361

Mean and standard deviation for temperature and precipitation, vegetation index, number of time series and number of months covered.
doi:10.1371/journal.pone.0038168.t002
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increase of 0.7% increase. VI demonstrated a similar negative

association with rotavirus z-score in both climates.

All three exposures remained significant when lagged associa-

tions were considered (Model 2) though the strength of the

relationships decreased. This was also seen for both climate

categories (Table 3). Overall for all locations, when adjusting for

latitude (distance of the study location from the equator (Model 3))

only the relationship with temperature z-score remained signifi-

cant suggesting that the association is stronger for locations farther

from the equator. This is seen clearly when considering the

relationship by climate category; in the humid mid-latitude climate

(Climate C), which is further from the equator, the relationship

with temperature is stronger than in the tropical climate (Climate

A), which are locations closer to the equator. Overall for

precipitation z-score and VI z-score the relationship becomes

insignificant after adjusting for latitude. Similar associations were

seen after adjusting for latitude and lagging the exposure variable

(Model 4).

Poisson harmonic regression was used to analyze the seasonal

patterns for six time series which provided monthly rotavirus data

for more than 3 years. The seasonal patterns vary by location but

typically demonstrate a peak in the winter months. The seasonality

assessment demonstrated a winter peak for all the locations

(Table 4). The estimate for peak timing of seasonal peak ranged

from late October to late February. Figure 4 shows the annual

time series of rotavirus z-score superimposed for the years of the

study for 2 locations, Chandigarh, India which is in the humid

mid-latitude climate (C) and Matlab, Bangladesh which is in the

tropical climate (A).

Discussion

Our findings provide a quantitative link between the rate of

rotavirus and meteorological parameters in South Asia. We found

that higher rate of rotavirus is associated with cold, dry months.

Our study demonstrates that the strength of these associations vary

by climate category. The use of standardized z-scores allows for

direct comparisons of detected effects across geographical zones

with different weather conditions and across various measures of

disease. This study also demonstrates the utility of the remote

sensing vegetation index in assessing seasonal associations.

The seasonal pattern seen in rotavirus varies by climatic region

and is also associated with local weather. Our findings agree with a

review of studies in tropical regions which found that a reduction

of rotavirus rates was associated with increases in temperature and

precipitation [8]. Our analysis focuses on South Asia, which

includes both temperate and tropical areas, whereas the Levy et al.

study includes just the tropics; only seven out of 39 studies were

included in both analyses. The similarity of findings indicates that

both studies capture a unique and stable phenomenon suggesting

an effect of climate and local weather on the seasonal pattern of

rotavirus infection: an increase in rate of rotavirus in cooler and

drier times of the year for a given location. The Levy et al. study

acknowledged the diversity of climates prevalent even within the

defined tropical band [8]. In our study we controlled for various

climatic regions by classifying each study using Köppen Climate

Classification. Most of the study locations we examined fell into

only two broad classifications, tropical climates (Climate A) and

humid mid-latitude climates (Climate C). With the limited number

of studies we were only able to use the broadest categories though

the Köppen Climate Classification system provides more detail.

Within the broad tropical climate (A) category there are three

subcategories which are distinguished by precipitation patterns

and in the mid-latitude climate (C) category there are six

subcategories which are distinguished by type of summer as well

as precipitation patterns [23]. However, we did demonstrate

different degree of association between meteorological character-

istics and rotavirus prevalence by climate category. In tropical

climates (Climate A) an increase in temperature was associated

with a greater decrease in rotavirus than in humid mid-latitude

climates (Climate C). We also found that temperature is a stronger

predictor of rate of rotavirus after controlling for the study latitude

Table 3. Regression parameters and confidence intervals for Models 1–4 for all studies and by climate category (analysis was not
conducted for Climate B because there was only one location in this category).

EXPOSURE VARIABLE
ALL STUDIES CLIMATE A MOIST TROPICAL CLIMATE C HUMID MID-LATITUDE

ESTIMATE 95% CI ESTIMATE 95% CI ESTIMATE 95% CI

MODEL 1{ TEMPERATURE 20.379* (20.435, 20.323) 20.444* (20.513, 20.375) 20.310* (20.408, 20.211)

PRECIPITATION 20.246* (20.305, 20.188) 20.259* (20.334, 20.185) 20.271* (20.370, 20.171)

VEGETATION INDEX 20.253* (20.314, 20.193) 20.240* (20.320, 20.161) 20.281* (20.380, 20.182)

MODEL 2{ TEMPERATURE 20.288* (20.347, 20.229) 20.363* (20.434, 20.291) 20.209* (20.314, 20.105)

PRECIPITATION 20.186* (20.242, 20.130) 20.209* (20.284, 20.134) 20.173* (20.261, 20.084)

VEGETATION INDEX 20.154* (20.217, 20.091) 20.161* (20.242, 20.081) 20.135* (20.241, 20.029)

MODEL 31 TEMPERATURE 20.331* (20.552, 20.111) 0.173 (20.094, 0.441) 22.051* (23.138, 20.963)

PRECIPITATION 20.190 (20.421, 0.041) 20.085 (20.378, 0.208) 20.759 (21.874, 0.356)

VEGETATION INDEX 20.076 (20.319, 0.167) 0.117 (20.198, 0.431) 21.255* (22.363, 20.147)

MODEL 4" TEMPERATURE 20.328* (20.558, 20.098) 0.128 (20.151, 0.407) 21.858* (23.022, 20.695)

PRECIPITATION 20.040 (20.247, 0.194) 0.014 (20.282, 0.310) 0.545 (20.182, 1.273)

VEGETATION INDEX 20.076 (20.319, 0.167) 0.302 (20.015, 0.619) 20.955 (22.122, 0.212)

Significant parameters (p,0.05) are indicated with an asterisk (*).
{Synchronous model.
{Model with exposure lagged by one month.
1Synchronous model adjusted for distance from the equator.
"Model with exposure lagged by one month and adjusted for distance from the equator.
doi:10.1371/journal.pone.0038168.t003
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or distance from the equator in the humid mid-latitude climate (C)

whereas the relationship decreased for the moist tropical climate

(A); this suggests the viral transmission pattern might depend on

broad range of environmental conditions, which can also be

drivers for temporality in social behaviors and health practices.

The primary reasons for seasonal fluctuation in rotavirus

prevalence are still unknown. Typically for a virus, it is not

expected that the seasonal relationship would be primarily driven

by a favorable environment for the pathogen. Temporal and

geographic trends have been better recognized in temperate than

tropical climates, perhaps because though temperatures vary

across seasons, temperatures do not reach the lower levels seen in

temperate climates, or patterns of disease prevalence are not as

marked. It has been suggested the seasonal pattern seen in

rotavirus may be driven by airborne transmission of the disease

[16,33,34]. The drop in humidity and rainfall dries the soils which

may increase the aerial transport of the contaminated fecal matter.

In the U.S. the seasonal pattern in rotavirus shifts by geographic

location with peak activity occurring first in the Southwest from

October through December and last in the Northeast between

March and May [13,34]. Influenza has also demonstrated strong

seasonal patterns [15,35,36] and associations with humidity [37].

A seasonal pattern similar to that of rotavirus has been

demonstrated for influenza in the U.S., with peak activity

beginning in the Southwest in mid-December and shifting to the

Northeast towards mid-January [36].

The seasonal pattern seen in rotavirus may be influenced by

socio-demographic factors. Pitzer et al. suggest that the seasonal

pattern seen in rotavirus in the U.S. is influenced by spatiotem-

poral patterns in birth rate and that young children experiencing

their first infection of rotavirus are the primary drivers of

epidemics and therefore of the seasonal patterns [9]. As mentioned

by Bobak et al., in populations with reliable data, birth rates vary

by season of the year [38]. In the U.S. most births occur in the

summer and early fall and the fewest births are seen in the spring

which can be explained by temperature and light effects [12,39].

Seasonal patterns in birth rates have been demonstrated in South

Asia, though specific regional patterns are not clear [12,39]. In

regions with distinct periods of very high temperatures, a drop in

births at this time can be noticeable, especially in developing

countries, which may, in part, explain our findings in the tropical

(A) climates. Seasonality of newborn susceptibility might be

insufficient to warrant disease seasonality.

It is likely that seasonal patterns can be reinforced by changes in

rotavirus genotype. In the temperate climate of England and

Wales, where rotavirus infections are highly seasonal, a child’s risk

of a laboratory-confirmed rotavirus infection in the first year of life

was significantly higher for children born in summer compared to

those born in the winter [40]. The authors suggested that maternal

immunity and age-specific levels of exposure to rotavirus could

explain the findings. Our preliminary findings suggest that the

seasonal pattern for rotavirus may vary by strain type [41]. A

similar meta-analysis approach may be used to assess the differing

seasonality by strain type.

School schedules and holiday travel may also affect the seasonal

pattern of rotavirus infections by changing the probability of

exposure to the virus. Other viral diseases, influenza in particular,

have demonstrated associations with holiday travel and school

schedules [42]. In many countries, vacations and family travels are

somewhat synchronized and it may be difficult to separate the

independent effects. Given the potential airborne transmission of

rotavirus it can be expected that the seasonal pattern may be

driven by crowdedness. Rotavirus is most prevalent in children

under 5 years of age. Over 70% of the studies considered were
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conducted in children less than 5 years of age and therefore, our

results are mostly driven by the seasonal patterns seen for this age

group. The degree to which seasonal patterns in children under 5

years of age in South Asia can be affected by school schedules and

holiday travel needs to be further investigated.

The studies used in our analysis covered a large time span

(1976–2009) and it was difficult to gather temperature and

precipitation data specific to the study time for the earlier study

periods and studies in more rural areas. For the studies in which

averages were used, temperature and precipitation may not

represent the weather specific to the year for which rotavirus data

is available. This may limit the precision of our estimates of

associations with meteorological factors. Humidity has also been

shown to be associated with rotavirus seasonality [8,11]. An

analysis of birth cohort data from Vellore, India, demonstrated a

positive correlation between humidity and the strain-specific

incidence of rotavirus diarrhea [41]. However, humidity is another

factor for which consistent data was difficult to obtain for all study

locations. To overcome this limitation, we consider the use of

remote sensing data to provide a proxy for meteorological

characteristics for areas in which direct measures of temperature

and precipitation are not available. The Vegetation Index (VI) is a

measure of the combined effect of temperature and precipitation

and is therefore a strong proxy for humidity as well. Study specific

temperature and precipitation data was available for only 75% of

study months whereas VI measures were available for 93% of

study months. A strength of this analysis is the demonstration of

the use of VI as a proxy for the combined effect of temperature

and precipitation.

The precision of our estimates may also be affected by the

coarse monthly temporal aggregation. The incubation period for

rotavirus is short, approximately 2 days, and the disease is highly

infectious which suggests that the seasonal peak of disease may be

very short [33]. A finer temporal aggregation, of weeks or days, for

rotavirus data would allow us to capture the short peak more

accurately using Poisson harmonic regression. Our sub-analysis of

seasonality characteristics in locations with sufficiently long time

series data demonstrates that the form of the seasonal pattern

might be more complex then typically observed in temperate

climates, which usually exhibit one well defined winter peak. The

ongoing global rotavirus monitoring and surveillance efforts will

soon provide valuable information for detailed seasonality

characterization.

The seasonal pattern seen in rotavirus may be influence by our

ability to measure infection in a systematic manner. Due to the

long time span covered by studies used in this analysis, 1976–2009,

various diagnostic methods were used for rotavirus. Enzyme

immunoassay is currently the most common technique while

earlier studies were likely to use electron microscopy. It is

estimated that a child with rotavirus diarrhea excretes 109 to

1012 viruses per gram of stool during the acute phase of diarrhea

[16,33]. The enzyme immunoassay, which is based on VP6

antigen detection, and electron microscopy, by which the 70 nm

viral particles are visualized, both have a limit of detection of 105

to 106 viral particles per gram of stool, and hence are unlikely to

miss cases of rotavirus diarrhea in acute illness. Since both

methods have similar limits of detection, it is unlikely that

differences in methods would affect detection of seasonal patterns

of infection. The use of various diagnostic methods required over

time required standardization of data to z-score. While necessary

for this analysis, this approach reduces the effect of temporal

heterogeneity but can’t eliminate potential bias, which might

lessen the observed effects. To improve our understanding of

rotavirus seasonality, better capacity and standardization of global

monitoring and surveillance efforts are required [17].

Understanding seasonal patterns of rotavirus allows for testing

of efficacy of vaccines currently in use [5,6]. The details of seasonal

patterns can be used to target vaccination programs, test efficacy

of the vaccine implementation programs and the vaccine itself [6].

In particular, it may be useful to consider appropriately timed

Figure 4. Annual time series of rotavirus z-score superimposed for years of the study for two locations. Panel A is data for a study
conducted in Chandigarh, India [44] and Panel B is data for a study conducted in Matlab, Bangladesh [65]. Data are shifted by 6 months in order to
center the winter peaks.
doi:10.1371/journal.pone.0038168.g004
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immunization booster programs in settings which have reported

poor efficacy of rotavirus vaccine which wanes further in the

second year of life, and have demonstrated strong seasonality [43].

The typical schedule for rotavirus immunization in developing

countries includes vaccination at 6, 10, and 14 weeks of age and is

constrained by the very young mean age of primary rotavirus

infections and the increased background risk of adverse events

after six months of age. However, if booster vaccination programs

were to be considered for older children lacking immunity, pre-

rotavirus season vaccination may be substantially more effective

than post-season vaccination. Proper assessment of seasonality and

dependency on climate characteristics also provides insights on

effects of vaccination strategies, including potential shifts in

seasonal peaks and duration of outbreaks.

Conclusion
In this study, we found the highest rate of rotavirus was seen in

the colder, drier months in South Asia. This study capitalizes on

previously published methodology for assessing the relationships

between meteorological characteristics and disease outcomes

[22,31]. With expansion of remote sensing and improved weather

monitoring, global weather forecasting on a very refined spatial

scale is feasible. A better understanding of the links between

disease ecology and environmental conditions warrants the

discovery of underlying governing principles of transmission of

rotaviral infection. Based on the findings, higher of rates of

rotaviral infection during the relatively cold and dry periods in

South Asia, innovative strategies for global disease forecasting,

early warning systems, timing of vaccination programs, and other

preventive measures can be developed at the regional level.
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Köppen-Geiger climate classification. Hydrol Earth Syst Sc Diss 4: 439–473.

24. Global Land Cover Facilty, GLCF (2011) Global Inventory Modeling and

Mapping Studies. University of Maryland. Available: http://www.landcover.

org/data/gimms/. Accessed 2011 Feb 8.

25. National Aeronautics and Space Administration Earth Observatory (2011)

Measuring Vegetation (NDVI & EVI). NASA. Available: http://

earthobservatory.nasa.gov/Features/MeasuringVegetation/measuring_

vegetation_4.php. Accessed 2011 Feb 9.

26. Rouse JW, Haas RH, Schell JA, Deering DW (1974) Monitoring vegetation

systems in the Great Plains with ERTS. Greenbelt, MD: NASA. pp 3010–3017.

27. U.S. Geological Survey, USGS (2011) What is NDVI? Available: http://ivm.cr.

usgs.gov/whatndvi.php. Accessed 2011 Feb 21.

28. Liu HQ, Huete A (1995) A feedback based modification of the NDVI to

minimize canopy background and atmospheric noise. IEEE T Geosci Remote

33: 457–465.

29. Goward SN, Tucker CJ, Dye DG (1985) North American vegetation patterns

observed with the NOAA-7 Advanced Very High Resolution Radiometer.

Vegetatio 64: 3–14.

30. Deering DW, Rouse JW, Haas RH, Schell JS (1975) Measuring forage

production of grazing units from Landsat MSS data. 10th International

Symposium on Remote Sensing of Environment, Ann Arbor, MI. pp

1169–1178.

31. Naumova EN, Jagai JS, Matyas B, DeMaria A, Jr., MacNeill IB, et al. (2007)

Seasonality in six enterically transmitted diseases and ambient temperature.

Epidemiol Infect 135: 281–292.

32. Naumova EN, MacNeill IB (2007) Seasonality Assessment for Biosurveillance

In: Auget JL, Balakrishnan N, Mesbah M, Molenberghs G, eds. Advances in

Statistical Methods for the Health Sciences. Boston, MA: Birkhauser. pp

437–450.

33. Parashar UD, Bresee JS, Gentsch JR, Glass RI (1998) Rotavirus. Emerg Infect

Dis 4: 561–570.

34. Torok TJ, Kilgore PE, Clarke MJ, Holman RC, Bresee JS, et al. (1997)

Visualizing geographic and temporal trends in rotavirus activity in the United

States, 1991 to 1996. National Respiratory and Enteric Virus Surveillance

System Collaborating Laboratories. Pediatr Infect Dis J 16: 941–946.

Seasonality of Rotavirus in South Asia

PLoS ONE | www.plosone.org 13 May 2012 | Volume 7 | Issue 5 | e38168



35. Viboud C, Bjornstad ON, Smith DL, Simonsen L, Miller MA, et al. (2006)

Synchrony, waves, and spatial hierarchies in the spread of influenza. Science
312: 447–451.

36. Wenger JB, Naumova EN (2010) Seasonal synchronization of influenza in the

United States older adult population. PLoS One 5: e10187.
37. Shaman J, Pitzer VE, Viboud C, Grenfell BT, Lipsitch M (2010) Absolute

humidity and the seasonal onset of influenza in the continental United States.
PLoS Biol 8: e1000316.

38. Bobak M, Gjonca A (2001) The seasonality of live birth is strongly influenced by

socio-demographic factors. Hum Reprod 16: 1512–1517.
39. Lam DA, Miron JA (1991) Seasonality of births in human populations. Soc Biol

38: 51–78.
40. Atchison CJ, Tam CC, Lopman BA (2009) Season of birth and risk of rotavirus

diarrhoea in children aged ,5 years. Epidemiol Infect 137: 957–960.
41. Sarkar R, Gladstone BP, Ajjampur SSR, Kang G, Jagai JS, et al. (2008)

Seasonality of pediatric enteric infections in tropical climates: Time-series

analysis of data from a birth cohort on diarrheal disease. Epidemiology 19(6):
S307–308.

42. Shi P, Keskinocak P, Swann JL, Lee BY (2010) The impact of mass gatherings
and holiday traveling on the course of an influenza pandemic: a computational

model. BMC Public Health 10: 778.

43. Armah GE, Sow SO, Breiman RF, Dallas MJ, Tapia MD, et al. (2010) Efficacy
of pentavalent rotavirus vaccine against severe rotavirus gastroenteritis in infants

in developing countries in sub-Saharan Africa: a randomised, double-blind,
placebo-controlled trial. The Lancet 376: 606–614.

44. Singh V, Broor S, Mehta S, Mehta SK (1989) Clinical and epidemiological
features of acute gastroenteritis associated with human rotavirus subgroups 1

and 2 in northern India. Indian J Gastroenterol 8: 23–25.

45. Ram S, Khurana S, Khurana SB, Sharma S, Vadehra DV, et al. (1990)
Bioecological factors & rotavirus diarrhoea. Indian J Med Res 91: 167–170.

46. Yachha SK, Singh V, Kanwar SS, Mehta S (1994) Epidemiology, subgroups
and serotypes of rotavirus diarrhea in north Indian communities. Indian Pediatr

31: 27–33.

47. Broor S, Husain M, Chatterjee B, Chakraborty A, Seth P (1993) Temporal
variation in the distribution of rotavirus electropherotypes in Delhi, India.

J Diarrhoeal Dis Res 11: 14–18.
48. Patwari AK, Srinivasan A, Diwan N, Aneja S, Anand VK, et al. (1994)

Rotavirus as an aetiological organism in acute watery diarrhoea in Delhi
children: reappraisal of clinical and epidemiological characteristics. J Trop

Pediatr 40: 214–218.

49. Bahl R, Ray P, Subodh S, Shambharkar P, Saxena M, et al. (2005) Incidence of
severe rotavirus diarrhea in New Delhi, India, and G and P types of the infecting

rotavirus strains. J Infect Dis 192 Suppl 1: S114–119.
50. Sharma S, Ray P, Gentsch JR, Glass RI, Kalra V, et al. (2008) Emergence of

G12 rotavirus strains in Delhi, India, in 2000 to 2007. J Clin Microbiol 46:

1343–1348.
51. Chakravarti A, Chauhan MS, Sharma A, Verma V (2010) Distribution of

human rotavirus G and P genotypes in a hospital setting from Northern India.
Southeast Asian J Trop Med Public Health 41: 1145–1152.

52. Kang G, Arora R, Chitambar SD, Deshpande J, Gupte MD, et al. (2009)
Multicenter, hospital-based surveillance of rotavirus disease and strains among

Indian children aged ,5 years. J Infect Dis 200 Suppl 1: S147–153.

53. Sherchand JB, Nakagomi O, Dove W, Nakagomi T, Yokoo M, et al. (2009)
Molecular epidemiology of rotavirus diarrhea among children aged ,5 years in

nepal: predominance of emergent G12 strains during 2 years. J Infect Dis 200
Suppl 1: S182–187.

54. Phukan AC, Patgiri DK, Mahanta J (2003) Rotavirus associated acute diarrhoea

in hospitalized children in Dibrugarh, north-east India. Indian J Pathol
Microbiol 46: 274–278.

55. Mishra V, Awasthi S, Nag VL, Tandon R (2010) Genomic diversity of group A
rotavirus strains in patients aged 1–36 months admitted for acute watery

diarrhoea in northern India: a hospital-based study. Clin Microbiol Infect 16:

45–50.
56. Nath G, Singh SP, Sanyal SC (1992) Childhood diarrhoea due to rotavirus in a

community. Indian J Med Res 95: 259–262.
57. Nishio O, Matsui K, Oka T, Ushijima H, Mubina A, et al. (2000) Rotavirus

infection among infants with diarrhea in Pakistan. Pediatr Int 42: 425–427.
58. Qazi R, Sultana S, Sundar S, Warraich H, un-Nisa T, et al. (2009) Population-

based surveillance for severe rotavirus gastroenteritis in children in Karachi,

Pakistan. Vaccine 27 Suppl 5: F25–30.
59. Stoll BJ, Glass RI, Huq MI, Khan MU, Holt JE, et al. (1982) Surveillance of

patients attending a diarrhoeal disease hospital in Bangladesh. BMJ 285:
1185–1188.

60. Khan MU, Eeckels R, Alam AN, Rahman N (1988) Cholera, rotavirus and

ETEC diarrhoea: some clinico-epidemiological features. Trans R Soc Trop Med

Hyg 82: 485–488.

61. Tabassum S, Shears P, Hart CA (1994) Genomic characterization of rotavirus

strains obtained from hospitalized children with diarrhoea in Bangladesh. J Med

Virol 43: 50–56.

62. Unicomb LE, Bingnan F, Rahim Z, Banu NN, Gomes JG, et al. (1993) A one-

year survey of rotavirus strains from three locations in Bangladesh. Arch Virol

132: 201–208.

63. Unicomb LE, Kilgore PE, Faruque SG, Hamadani JD, Fuchs GJ, et al. (1997)

Anticipating rotavirus vaccines: hospital-based surveillance for rotavirus

diarrhea and estimates of disease burden in Bangladesh. Pediatr Infect Dis J
16: 947–951.

64. Tanaka G, Faruque AS, Luby SP, Malek MA, Glass RI, et al. (2007) Deaths

from rotavirus disease in Bangladeshi children: estimates from hospital-based
surveillance. Pediatr Infect Dis J 26: 1014–1018.

65. Rahman M, Sultana R, Ahmed G, Nahar S, Hassan ZM, et al. (2007)

Prevalence of G2P[4] and G12P[6] rotavirus, Bangladesh. Emerg Infect Dis 13:
18–24.

66. Qadri F, Saha A, Ahmed T, Al Tarique A, Begum YA, et al. (2007) Disease

burden due to enterotoxigenic Escherichia coli in the first 2 years of life in an
urban community in Bangladesh. Infect Immun 75: 3961–3968.

67. Ahmed K, Ahmed S, Mitui MT, Rahman A, Kabir L, et al. (2010) Molecular

characterization of VP7 gene of human rotaviruses from Bangladesh. Virus
Genes 40: 347–356.

68. Black RE, Brown KH, Becker S, Alim AR, Huq I (1982) Longitudinal studies of
infectious diseases and physical growth of children in rural Bangladesh. II.

Incidence of diarrhea and association with known pathogens. Am J Epidemiol

115: 315–324.

69. Bingnan F, Unicomb L, Rahim Z, Banu NN, Podder G, et al. (1991) Rotavirus-

associated diarrhea in rural Bangladesh: two-year study of incidence and

serotype distribution. J Clin Microbiol 29: 1359–1363.

70. Zaman K, Yunus M, Faruque AS, El Arifeen S, Hossain I, et al. (2009)

Surveillance of rotavirus in a rural diarrhoea treatment centre in Bangladesh,

2000–2006. Vaccine 27 Suppl 5: F31–34.

71. Saha MR, Sen D, Datta P, Datta D, Pal SC (1984) Role of rotavirus as the cause

of acute paediatric diarrhoea in Calcutta. Trans R Soc Trop Med Hyg 78:

818–820.

72. Nair GB, Ramamurthy T, Bhattacharya MK, Krishnan T, Ganguly S, et al.

(2010) Emerging trends in the etiology of enteric pathogens as evidenced from

an active surveillance of hospitalized diarrhoeal patients in Kolkata, India. Gut
Pathog 2: 4.

73. Purohit SG, Kelkar SD, Simha V (1998) Time series analysis of patients with

rotavirus diarrhoea in Pune, India. J Diarrhoeal Dis Res 16: 74–83.

74. Tatte VS, Gentsch JR, Chitambar SD (2010) Characterization of group A

rotavirus infections in adolescents and adults from Pune, India: 1993–1996 and

2004–2007. J Med Virol 82: 519–527.

75. Moe K, Hummelman EG, Oo WM, Lwin T, Htwe TT (2005) Hospital-based

surveillance for rotavirus diarrhea in children in Yangon, Myanmar. J Infect Dis

192 Suppl 1: S111–113.

76. Ananthan S, Saravanan P (2000) Genomic diversity of group A rotavirus RNA

from children with acute diarrhoea in Chennai, South India. Indian J Med Res

111: 50–56.

77. Bhat P, Macaden R, Unnykrishnan P, Rao HG (1985) Rotavirus & bacterial

enteropathogens in acute diarrhoeas of young children in Bangalore.

Indian J Med Res 82: 105–109.

78. Brown DW, Mathan MM, Mathew M, Martin R, Beards GM, et al. (1988)

Rotavirus epidemiology in Vellore, south India: group, subgroup, serotype, and

electrophoretype. J Clin Microbiol 26: 2410–2414.

79. Banerjee I, Ramani S, Primrose B, Moses P, Iturriza-Gomara M, et al. (2006)

Comparative study of the epidemiology of rotavirus in children from a

community-based birth cohort and a hospital in South India. J Clin Microbiol
44: 2468–2474.

80. Paniker CK, Mathew S, Mathan M (1982) Rotavirus and acute diarrhoeal

disease in children in a southern Indian coastal town. Bull World Health Organ
60: 123–127.

81. Ahmed K, Batuwanthudawe R, Chandrasena TG, Mitui MT, Rajindrajith S,

et al. (2010) Rotavirus infections with multiple emerging genotypes in Sri Lanka.
Arch Virol 155: 71–75.

82. Nyambat B, Gantuya S, Batuwanthudawe R, Wijesinghe PR, Abeysinghe N,

et al. (2009) Epidemiology of rotavirus diarrhea in mongolia and sri lanka,
march 2005–february 2007. J Infect Dis 200 Suppl 1: S160–166.

Seasonality of Rotavirus in South Asia

PLoS ONE | www.plosone.org 14 May 2012 | Volume 7 | Issue 5 | e38168


