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SUMMARY

Rotavirus is a common viral cause of severe diarrhoea. For the underlying cause of rotavirus
seasonality, the meteorological factor has been suspected, whereas quantitative correlation
between seasonality and meteorological factor has not been fully investigated. In this study,

we investigated the correlation of temporal patterns of the isolation rate of rotavirus with
meteorological condition (temperature, relative humidity, rainfall) in Kolkata, India. We used
time-series analysis combined with spectral analysis and least squares method. A 1-year cycle
explained underlying variations of rotavirus and meteorological data. The 1-year cycle for
rotavirus data was correlated with an opposite phase to that for meteorological data. Relatively
high temperature could be associated with a low value of isolation rate of rotavirus in the
monsoon season. Quantifying a correlation of rotavirus infections with meteorological conditions
might prove useful in predicting rotavirus epidemics and health services could plan accordingly.

Key words: Analysis of data, climate — impact of, rotavirus, statistics, surveillance.

INTRODUCTION

Rotavirus is the most common aetiological agent of
severe diarrhoea in children worldwide [1]. Globally,
rotavirus accounted for 527000 deaths in children
aged <5 years in 2004, representing 5% of all deaths
in children in this age group. Twenty-three percent of
deaths due to rotavirus disease were estimated to oc-
cur in India alone [2]. Annually, India paid US$41-72
million in medical expenses for the treatment of rota-
virus diarrhoea [3]. For prevention of this disease and
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alleviation its economic burden on India, it is necess-
ary to understand the epidemiological factors of rota-
virus epidemics, for this the mechanism of seasonality
of such epidemics is of great interest [4—10].

An observational investigation of the seasonality of
rotavirus disease visually confirmed that higher num-
bers of rotavirus infections in the tropics were found
at colder and drier times of the year [6, 10]. This
temporal behaviour of rotavirus epidemics was con-
firmed in the case of Kolkata, India, with surveillance
data collected during the period 1979-1981 [11].
Furthermore, it was seen that seasonality of rotavirus
infections in Kolkata are inversely correlated with
three kinds of meteorological conditions: tempera-
ture, relative humidity and rainfall.
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More recently, in Kolkata, systematic surveillance
for diarrhoeal aetiologies in hospitalized patients was
conducted from November 2007 to December 2009.
Based on this surveillance, it was reported that rota-
virus epidemics in Kolkata indicated a regular, yearly
cycle with a peak in the winter months [12]. There is
considerable interest in discovering whether or not
temporal patterns of rotavirus epidemics in Kolkata
from 2007 to 2009 had an inverse correlation with tem-
perature, relative humidity and rainfall as has been
reported for the period 1979-1981 [11]. In addition, it
is possible that the occurrence of rotavirus infection in
the monsoon season in Kolkata is associated with
high temperature, as in the case of Bangladesh [4].

In order to investigate the relationship between
rotavirus epidemics and meteorological factors, some
studies have been conducted with a linear Poisson
regression model which has been widely used as one
method of time-series analysis [4, 5, 8, 9]. Conversely,
other studies interpreted the temporal variations
of rotavirus infections by the Susceptible/Exposed/
Infected/Recovered (SEIR) model, which is a well-
known nonlinear dynamical system for epidemics of
infectious diseases [13]. However, the linear Poisson
regression model using random noise has a weakness
in interpreting multiple periodicities with character-
istic fluctuations caused by nonlinear dynamics. Our
group has already proposed a newly devised method
for time-series analysis, which allowed us to make the
extremely precise determination of periodic structures
of nonlinear time-series including a short data se-
quence [14-17].

The aim of the present study was to investigate the
following two points for Kolkata during the period
2007-2009: (i) whether temporal patterns of rotavirus
infections were inversely correlated with those of tem-
perature, relative humidity and rainfall, as reported
previously [11], and (ii) whether the occurrence of rota-
virus infection in the monsoon season is associated
with high temperature, as is the case of Bangladesh
[4]. For aims (i) and (ii), we applied our method of
analysis to the time-series data of rotavirus infections
and meteorological conditions in Kolkata.

DATA
Rotavirus data

Surveillance data used in our study were collected
at the Infectious Discases and Beliaghata General
Hospital (ID&BGH) in Kolkata between November
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2007 and December 2009 [12]. For data collection,
every fifth hospitalized patient with diarrhoea or dys-
entery without other associated illness on two ran-
domly selected days in a week was enrolled, resulting
in 45004 patients. Of these 45004 patients, stool spe-
cimens were collected from 2519 cases for aetiological
study. In Figure 1, monthly data of cases enrolled via
surveillance, positive cases of rotavirus from stool
specimens, and isolation rate of rotavirus are il-
lustrated. In the present study, the time-series analysis
was conducted for monthly data of isolation rate of
rotavirus gathered over 26 months from November
2007 to December 2009 (26 data points).

Meteorological data

Data on daily maximum and minimum temperature,
relative humidity and rainfall were collected in the
study region by the Meteorological Department,
Kolkata [18], and the time span and number of data
were identical to those for the rotavirus data. Daily
average temperatures were computed as the mean
of the daily maximum and minimum values. The
monthly means for average temperature, relative
humidity and total rainfall were calculated from daily
records.

Season was categorized as pre-monsoon (March—
May), monsoon (June-September), post-monsoon
(October—November) and winter (December—
February).

METHODS

We used the method of time-series analysis combined
with spectral analysis based on the maximum entropy
method (MEM) in frequency domain and least
squares method (LSM) in time domain, as proposed
in our previous work [14—17]. The time-series analysis
revealed an association between rotavirus epidemics
and meteorological factors, which are not visually
apparent. For explanation of the present method of
time-series analysis, we used the time-series data of
the isolation rate of rotavirus shown in Figure 1.

Setting up the original data for analysis

The pre-processing of the original data of the iso-
lation rate of rotavirus (Fig. 1) was conducted by
the choice of an equal sampling interval, and the
modified time-series data thus obtained are illustrated
in Figure 2a. As a result, 26 data points of the original
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Fig. 1. Monthly data on enrolled cases from the surveillance data, positive cases of rotavirus from stool specimens, and

isolation rate of rotavirus.

data (Fig. 1) were translated into 25 data points in the
modified data (Fig. 2a).

Spectral analysis

We assumed that the modified time-series data x(¢)
(where r=time) in Figure 2a are composed of sys-
tematic and fluctuating parts [19]:

x(t) =systematic part + fluctuating part. (1)

To investigate temporal patterns of x(¢) (Fig. 2a), we
performed MEM spectral analysis, which is useful for
investigating periodicities of short time-series, such as
the time-series data used in the present study [14-17].
The MEM spectral analysis produces a power spectral
density (PSD), from which we can obtain power rep-
resenting the amount of amplitude of x(¢) at each
frequency (note the reciprocal relationship between
the scales of frequency and period). The formulation
of MEM-PSD has been described previously [15]. In
Figure 3a, PSD for the modified data (Fig. 2a) is
shown.

LSM

The validity of the results of MEM spectral analysis
was confirmed by calculation of the least squares fit-
ting (LSF) curve to the modified data (Fig. 2a) with
MEM estimated periods. In Figure 2a, the LSF curve
calculated with six MEM estimated periodic modes is
shown. The level of the reproducibility of the modi-
fied time-series data by the optimum LSF curve is
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evaluated by Pearson correlation coefficient (p) with
SPSS version 17.0J (SPSS, Japan). Formulation of the
LSF curve is described in the Appendix.

To investigate seasonality of the modified data
(Fig. 2a), the LSF curve of the modified data
was calculated with a seasonal cycle corresponding to
a l-year period (737), and is illustrated in Figure 4. By
subtracting the LSF curve (Fig. 4) from the modified
data (Fig. 2a), we obtained the residual time-series
(Fig. 5a).

Cross-correlation

To investigate correlation of rotavirus infections with
meteorological conditions (temperature, relative hu-
midity, rainfall) in detail, we calculated the cross-
correlation, r, between a series of rotavirus data and
meteorological data. The calculation of a cross-
correlation was conducted by using the residual time-
series (Fig. 5a). Cross-correlation is a measure of
similarity of two series as a function of a time-lag, d,
applied to one of them. The formulation of cross-
correlation is given in the Appendix.

RESULTS

Temporal variations of rotavirus data and
meteorological data

Under the same procedure as used for analysis of the
original data of the isolation rate of rotavirus (Fig. 1),
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Fig. 2. Comparison of the optimum modified time-series data and least squares fitting curve calculated with the six dominant
periodic modes (——) with the modified data (- - -) for (@) isolation rate of rotavirus, (b) temperature, (¢) relative humidity and

(d) rainfall.

we obtained the modified time-series data for the
meteorological conditions (temperature, relative
humidity, rainfall). The modified time-series data thus
obtained are illustrated in Figure 2(a—d).

Rotavirus infections (Fig. 2a) were observed
throughout the year, and the frequency of detection
was higher during winter and pre-monsoon
(December—May) with peaks in February 2008 and
March 2009, when low temperature, low relative
humidity and low level of rainfall were observed
(Fig. 2b—d). On the other hand, low values of the
isolation rate of rotavirus (Fig. 2a) were observed
in the monsoon and post-monsoon seasons
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(June—November), i.e. months of high temperature,
high relative humidity and high level of rainfall
(Fig. 2b—d). The seasonal pattern of temperature
(Fig. 2b) indicates high values during pre-monsoon
(March—May), monsoon (June—September) and post-
monsoon (October—November) periods. Regarding
relative humidity (Fig. 2c¢), the seasonal pattern
indicates high values during monsoon and post-
monsoon periods; a small peak was also observed in
winter (December—February) in 2009. The seasonal
pattern of rainfall (Fig. 2d) indicates two peaks with
high values during the post-monsoon and monsoon
periods.
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Fig. 3. Power spectral density of modified time-series

data for: (a) isolation rate of rotavirus, (b) temperature,
(c) relative humidity and (d) rainfall.

Spectral analysis and LSF analysis

PSDs for the modified time-series data (Fig. 2)
are shown in Figure 3. Therein, in each PSD, the
most prominent spectral line was observed at
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f=1-0 [f(1/year); frequency] corresponding to the
l-year cycle. In Figure 3a, a spectral peak in the low-
frequency range of PSD (f<1-0) reflects longer-term
oscillations that the 1-year cycle (2:38 years). Some
distinct spectral peaks in the high-frequency range of
PSD (f>1-0) reflect the shorter-term oscillations than
the 1-year cycle. The reason for spectral peaks in
the high-frequency range, f>1-0, can be explained as
follows: (i) shorter-term oscillations rather than the
1-year cycle superposing on the 1-year cycle, (ii) the
harmonics corresponding to integer multiples (e.g.
f=2:0) of the dominant spectral line at f=1-0, and
(ii1) the superposition of (i) and (ii).

Six dominant spectral-peak frequency modes are
shown in Table 1 with the corresponding periods and
intensities (powers) of the spectral peaks. In Figure 2,
each LSF curve calculated with six dominant periodic
modes reproduces the modified data well. Thus, the
periodic modes detected by MEM spectral analysis
for each modified data (Fig. 3, Table 1) were con-
firmed to be appropriate. The good fitness of each
LSF curve to the modified data was supported by the
result that the values of p between the modified data
and the LSF curve cover the high level: 0-96, 0-98,
0-96 and 0-97 of the rotavirus, temperature, relative
humidity and rainfall data, respectively.

Seasonal cycle of rotavirus data and metrological data

The LSF curves calculated with the I-year cycle
(T=1-0) were normalized in amplitude, and were
overlapped as shown in Figure 4. In the figure, the
oscillation is shown in opposite phase between the
LSF curve for rotavirus infection and the curve for
meteorological condition (temperature, relative hu-
midity, rainfall). The peaks of the LSF curves for
temperature, rainfall and relative humidity data pre-
cede those of the rotavirus data by 5, 6 and 7 months,
respectively. The value of p between the LSF curve of
rotavirus data and that of each metrological data is
strongly negative: —0-944, —0-982 and —0-751 for
temperature, rainfall and relative humidity, respect-
ively.

Shorter-term cycle of rotavirus data and
metrological data

In Figure 5, the residual data are shown for isolation
rate of rotavirus, temperature, relative humidity and
rainfall. The value of r is shown in Figure 6 for tem-
perature, relative humidity, and rainfall. It is notable
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Table 1. Characteristics of the six dominant spectral peaks shown in Figure 3

Rotavirus Temperature Relative humidity Rainfall
Period Period Period Period
f (year) Power f (year) Power f (year) Power f (year) Power
0-43 2-38 17-01 0-31 3-36 0-45 0-62 1-61 2-084 0-54 1-86 0-60
1-05 0-95 94-67 1-01 0-99 11-44 1-06 0-95 46-912 1-01 0-99 17-45
1-68 0-60 12-38 2:06 0-49 2:32 1-94 0-52 6914 1-85 0-54 212
2-12 0-47 16-14 2-82 0-35 0-04 278 0-36 2-318 3:25 0-31 1-20
2-83 0-35 18:79 4-98 0-20 0-18 3-38 0-30 2-499 471 0-21 0-69
3-57 0-28 14-14 5-54 0-18 0-16 4-46 0-22 1-029 5-60 0-18 1-92
(@ and 6¢, respectively), this sort of tendency for r values
08 r at d=3 and 4 was not observed.
sz
55 o2
g5 oo DISCUSSION
L o 4
E g 02 The significant result of our study was to demonstrate
s g y
04 that the 1-year periodic mode for rotavirus data was
06, > 1 5 8 10 75 correlated in an opposite phase to that for the
meteorological data recorded from November 2007 to
(®) 06 December 2009 in Kolkata, India (Fig. 4): i.e. rota-
s virus infections increase as the values of temperature,
& g ' relative humidity and rainfall data decrease, and vice
E% 02 versa. It should be noted that our present result is
% 8 00 comparable with that of Saha et al.’s study using data
% g 024 recorded from July 1979 to June 1981 in Kolkata [11],
@ - 04 irrespective of today’s increasing availability to detect
06 p 4 5 8 10 1o rotavirus (the ELISA test for Saha et al.’s study [11]
and the polyacrylamide gel electrophoresis (PAGE)
2 o and silver staining tests in the present study [12]). For
04 detection of rotavirus, specificity of PAGE was re-
g ported as 100 %, higher than that of ELISA, although
S 02
E% ' p ELISA showed slightly higher sensitivity than PAGE
£3 00 [20]. Therefore, in our study, incidence of rotavirus
< g 02t may be more accurate than the earlier study, provid-
04 ing more appropriate conclusions in the analysis of
06, P 4 6 8 10 12 the effects of meteorological conditions on rotavirus

Time lag (d—month)

Fig. 6. Cross-correlations (r) between the residual data
of isolation rate for rotavirus and that for: («) temperature,
(b) relative humidity and (¢) rainfall.

that, in the case of temperature (Fig. 6a), the positive
values of r were observed at d=3 and 4. This result
indicates that relative high values of rotavirus infec-
tions also occur after 3 and 4 months of high tem-
perature, although the opposite phase was observed
between rotavirus and temperature data (Fig. 4).
With regard to relative humidity and rainfall (Fig. 65
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infections.

In our study, temporal patterns of rotavirus infec-
tions and meteorological conditions were elucidated
by conducting a time-series analysis combined with
MEM spectral analysis and LSM. As a result, we ob-
tained valuable knowledge on the temporal structures
of the time-series data which had remained unre-
solved until now. In previous studies, the correlation
between rotavirus infections and meteorological con-
ditions were investigated with the linear Poisson re-
gression model [4, 5, 8, 9]. However, this model, which
assumed the fluctuating part in equation (1) as
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random noise, has a weakness for interpreting
multiple periodic structures with characteristic fluc-
tuations caused by nonlinear dynamics. On the other
hand, the method of time-series analysis conducted
in our study is applicable to any time-series without
any restriction, and enables us to elucidate multi-
ple periodicities of seasonal variations in detail
(Table 1).

For the 1-year period listed in Table 1, the acro-
phase of LSF curves calculated with the 1-year cycle
for temperature is observed in June and that for
rainfall and relative humidity lag behind (July and
August, respectively). This result might reflect a
meteorological phenomenon of the monsoon season;
as the temperature rises, there are increases in rainfall
and relative humidity. Our result that the cross-
correlation, r, between rotavirus infections and tem-
perature (Fig. 6a) indicates the positive values at d=3
and 4 might relate to the fact that, in Kolkata, the
temperature exceeded 29 °C in April in 2008 and
2009 (Fig. 2b), and after 3-4 months, low values
of isolation rates of rotavirus were observed (Fig. 2a).
Thus, it can be considered that, in Kolkata, rela-
tively high temperature in the monsoon season
(June—September) is associated with the occurrence of
rotavirus infection, as in the case of Bangladesh [4].
The reason for the occurrences of rotavirus infections
in the monsoon season in Kolkata may be exerted
through complex temperature-dependent pathways,
as considered in the case of Bangladesh [4]. To under-
stand the correlation of rotavirus infections with high
temperature in Kolkata in detail, further accumu-
lation of surveillance data of rotavirus infection will
be necessary.

In the present study, asymptomatic infection of
rotavirus was not investigated. Philips et al. [21] re-
ported that the highest prevalence of asymptomatic
rotavirus infection in England was in children aged
<2 years (20-30%), with almost one-third of chil-
dren in this age group being infected. There was no
marked seasonality in the prevalence of asymptomatic
rotavirus infection in children aged <5 years. In ad-
dition, Cox & Medley [22] reported that, in UK, anti-
rotavirus IgM was seen in all age groups throughout
the year with little obvious seasonal variation in the
distribution of antibody levels, and this phenomenon
is in contrast to the distinct seasonality of sympto-
matic rotavirus infections. With respect to the case
of Kolkata, the epidemiological relationship between
symptomatic and asymptomatic rotavirus infection
remains unclear, and more work is needed to under-
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stand the role of seasonality in asymptomatic rota-
virus infections.

Maximum peaks of rotavirus infections in the cold
season (February 2008 and March 2009) in our study
(Fig. 2) were similar to studies in other geographical
areas of India [23-28]. Based on previous studies, two
routes for rotavirus infection can be considered for
the cold season, i.e. outdoor and indoor transmission.
If an infection is transmitted outdoors, based on lab-
oratory evidence [29-31], an important effect of low
temperature might be the prolonged survival of the
virus in the environment, increasing the possibility
of exposure to infectious virus. On the other hand, if
an infection is transmitted indoors, based on a case-
control study conducted in England and Wales [32],
one possible interpretation for the cold weather effect
on rotavirus infections could be low ambient tem-
peratures encouraging individuals to stay indoors,
thereby increasing their exposure to contaminated air
and surfaces.

For the route of transmission of rotavirus infec-
tions in the cold season in Kolkata, one possibility
is that, based on strong evidence that rotavirus is
a waterborne pathogen, the increase of rotavirus
infections in winter results from a lack of clear water
because of low rainfall (Fig. 2a, d). However, the fol-
lowing three reasons suggest that water alone may not
be responsible for all rotavirus transmission [10]:
(1) the high rates of infection in the first 3 years of
life regardless of sanitary conditions, (ii) the failure
to document faecal-oral transmission in several
outbreaks of rotavirus diarrhoea, and (iii) the marked
spread of rotavirus over large geographical areas
during winter in temperature zones. On the other
hand, airborne spread of aerosolized particles may
be responsible for the seasonal pattern of rotavirus
disease in Kolkata [10], and wind might play a role
in dispersal of the aerosolized particles [28].

With a mechanical force such as rotavirus trans-
mission in India, it is possible that wind plays an im-
portant role in epidemic patterns which can affect the
temporal patterns of rotavirus epidemics, in accord
with a study of rotavirus in Pune, India [28]. In order
to understand underlying cause of rotavirus in India
and to use the results obtained effectively for health
service, it is necessary to conduct a systematic study
to quantify the impact of wind on rotavirus epidemic
pattern for the whole of India. It is expected that the
present method of time-series analysis will contribute
to the investigation of the temporal patterns of wind
and the estimation of its correlation with rotavirus
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epidemics, as well as for temperature, relative
humidity and rainfall, as conducted in the present
study.

APPENDIX
LSF calculation

LSF calculations are performed using an appropriate
function:

N
X()=ap+ Zp {ay sin 2xf,t) + b, cos 2xf,0)}, (Al)

where f,, (=1/T,; where T, =the period) is the fre-
quency of the nth component, g, a constant, @, and b,,
(n=1, 2, 3, ..., N,) the amplitude, and N, the total
number of components. The optimum values of para-
meters a,, a, and b, (n=1, 2, 3, ..., N,) in equation
(A1), with the exception of N,, are determined exactly
from T,, estimated by MEM spectral analysis.

Cross-correlation

For a series of residual data for rotavirus x(i) and for
the meteorological condition y(i), where i=0, 1, 2, ...,
N —1 (N is the total number of the series), the cross-
correlation r at delay d is defined as

N—1
> {0 —m)Oi—d)—m,)}
r(d) = ——==2 :
N—1 2 N—1 . 9
S (x=me)*y | 5 0ti=d)—my)

(A2)

where m, and m, are the means of the corresponding
series. In the present study, equation (A2) is com-
puted for d=0, 1, 2, 11. We set the initial data point of
the first series (x(0) and »(0)) as November 2008
(N =15). When the index in the series is <0 (i — d<0),
the data point of y(i—d) corresponds to ¢ month
previous points from y(0) (November 2008).

ACKNOWLEDGEMENTS

This study was supported in part by a Grant-in-
Aid of Scientific Research (Grant no. 22406017) and
the Japan Initiative for Global Research Net-
work on Infectious Diseases (Okayama University,
Japan — National Institute of Cholera and Enteric
Diseases, India) from the Ministry of Education,
Culture, Sports, Science, and Technology of Japan.

https://doi.org/10.1017/50950268812002208 Published online by Cambridge University Press

DECLARATION OF INTEREST

None.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

. Hashizume WM,

World Health Organization. Rotavirus surveillance
worldwide —2009. Weekly Epidemiological ~Record
2011; 86: 174.

. Parashar UD, et al. Global mortality associated with

rotavirus disease among children in 2004. Journal of
Infectious Diseases 2009 ; 200 (Suppl. 1): S9-S15.

. Tate JE, et al. Disease and economic burden of

rotavirus diarrhoea in India. Vaccine 2009; 27S:
F18-F24.

et al. Rotavirus infections and
climate variability in Dhaka, Bangladesh: a time series
analysis. Epidemiology and Infection 2008; 136: 1281—

1289.

. Atchison CJ, et al. Temperature-dependent trans-

mission of rotavirus in Great Britain and The
Netherlands. Proceedings of the Royal Society, Series B
2011; 277: 933-942.

. Cook SM, et al. Global seasonality of rotavirus infec-

tions. Bulletin of the World Health Organization 1990;
68: 171-177.

. Trabeisi A, et al. Rotavirus strain diversity in the

centre coast of Tunisia from 2000 through 2003.
Journal of Infectious Diseases 2010; 202 (Suppl. 1):
S252-S257.

. D’Souza RM, Hall G, Becker NG. Climatic factors

associated with hospitalizations for rotavirus diarrhoea
in children under 5 years of age. Epidemiology and
Infection 2008 ; 136: 56—64.

. Jos¢ MV, Bobadilla JR, Bishop RF. Oscillatory fluc-

tuations in the incidence of rotavirus infections by
serotypes 1, 2, 3 and 4. Journal of Diarrhoeal Diseases
Research 1996; 14: 194-200.

Levy K, Hubbard AE, Eisenberg JNS. Seasonality of
rotavirus disease in the tropics: a systematic review and
meta-analysis. International Journal of Epidemiology
2009; 38: 1487-1496.

Saha MR, et al. Role of rotavirus as the cause of acute
paediatric diarrhoea in Calcutta. Transactions of the
Royal Society of Tropical Medicine and Hygiene 1984
78: 818-820.

Nair GB, et al. Emerging trends in the etiology of en-
teric pathogens as evidenced from an active surveillance
of hospitalized diarrhoeal patients in Kolkata, India.
Gut Pathogens 2010; 2: 4.

Pitzer VE, et al. Demographic variability, vaccination,
and the spatiotemporal dynamics of rotavirus epi-
demics. Science 2009; 325: 290-294.

Luo T, et al. Study on the effect of measles control
programmes on periodic structures of disease epidemics
in a large Chinese city. Epidemiology and Infection 2011;
139: 257-264.

Ohtomo K, et al. Relationship of cholera inci-
dence to El Nifo and solar activity elucidated by


https://doi.org/10.1017/S0950268812002208

16.

17.

18.

19.

20.

21.

22.

23.

Rotavirus infections and meteorological conditions

time-series analysis. Epidemiology and Infection 2010;
138: 99-107.

Sumi A, et al. Time series analysis of incidence data of
influenza in Japan. Journal of Epidemiology 2011; 21:
21-29.

Sumi A, et al. MEM spectral analysis for predicting in-
fluenza epidemics in Japan. Environmental Health and
Preventive Medicine 2012; 17: 98-108.

Rajendran K, et al. Influence of relative humidity
in Vibrio cholerae infection: a time series model.
Indian Journal of Medical Research 2011; 133: 138—
145.

Armitage P, Berry G, Matthews JNS. Statistical
Methods in Medical Reseach, 4th edn. Oxford: Black-
well Science, 2002.

Arens M, Swierkosz EM. Detection of rotavirus
by hybridization with a nonradioactive synthetic
DNA probe and comparison with commercial enzyme
immunoassays and silver-stained polyacrylamide
gels. Journal of Clinical Microbiology 1989; 27:
1277-129.

Phillips G, et al. Asymptomatic rotavirus infections
in England: prevalence, characteristics, and risk
factors. American Journal of Epidemiology 2010; 171:
1023-1030.

Cox MJ, Medley GF. Serological survey of anti-group
A rotavirus IgM in UK adults. Epidemiology and
Infection 2003 ; 131: 719-726.

Bahl R, et al. Incidence of severe rotavirus
diarrhea in New Delhi, India, and G and P types of
the infecting rotavirus strains. Journal of Infectious
Diseases 2005; 192 (Suppl. 1): S114-S119.

https://doi.org/10.1017/50950268812002208 Published online by Cambridge University Press

24.

25.

26.

217.

28.

29.

30.

32.

1661

Yachha SK, et al. Epidemiology, subgroups and
serotypes of rotavirus diarrhea in north Indian
communities. Indian Pediatrics 1994; 31: 27-33.
Phukan AC, Patgiri DK, Mahanta J. Rotavirus as-
sociated acute diarrhoea in hospitalized children in
Dibrugarh, North-East India. Indian Journal of Path-
ology and Microbiology 2003 ; 46: 274-278.

Maiya PP, et al. Actiology of acute gastroenteritis in
infancy and early childhood in southern India. Archives
of Disease in Childhood 1977; 52: 482—485.

Paniker CKJ, Mathew S, Mathan M. Rotavirus and
acute diarrhoeal disease in children in a southern Indian
coastal town. Bulletin of the World Health Organization
1982; 60: 123-127.

Purohit SG, Kelkar SD, Vijaya Simha K. Time series
analysis of patients with rotavirus diarrhoea in Pune,
India. Journal of Diarrhoeal Disease Research 1998 ; 16:
74-83.

Ansari S, Springthorpe V, Sattar S. Survival and ve-
hicular spread of human rotaviruses: possible relation
to seasonality of outbreaks. Reviews of Infectious
Diseases 1991 ; 13: 448-461.

Moe K, Harper GJ. The effect of relative humidity and
temperature on the survival of bovine rotavirus in
aerosol. Archives of Virology 1983; 76: 211-216.

. Moe K, Shirley JA. The effects of relative humidity and

temperature on the survival of human rotavirus in fae-
ces. Archives of Virology 1982; 72: 179-186.

Sethi D, et al. A study of infectious intestinal disease in
England: risk factors associated with group A rotavirus
in children. Epidemiology and Infection 2001; 126:
63-70.


https://doi.org/10.1017/S0950268812002208

