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1. Introduction

   Diarrhea remains the second most potent cause of death in under 

five-year-old children globally[1]. Nearly one in five child deaths, 

about 1.5 million each year, are due to diarrhea. The rotavirus is the 

main cause of acute diarrhea and is responsible for about 40% of 

all hospital admissions. More than half of these cases are in Africa 

and South Asia, where diarrhea is more likely than elsewhere to 

result in severe outcomes including death. Differences in seasonal 

prevalence of rotavirus disease occur globally. Observations 

from several countries have challenged the traditional dogma that 

rotavirus disease is seasonal in temperate settings but not in tropical 

countries[2]. In Indonesia, the prevalence of under five-year-old 

children admitted to hospital due to the rotavirus is between 39% 

and 67%, between 10% and 49% of these young patients being 

treated as outpatients[3]. In a 2009 study conducted in Bandung, 

the prevalence of rotavirus is 47%[4]. Unlike many bacteriological 

agents causing diarrhea, rotavirus occurs in both temperate and 

tropical areas. Rotavirus infection is a universal disease in children, 

regardless of the level of prevailing hygiene or the quality of food 

and water. Children in developed countries are infected at the same 

ages and just as frequently as those in less developed countries[5].

   Climate-related hazards in Indonesia are also caused by the 

location and movement of the tropical cyclones in the South Eastern 

Indian Ocean (January to April) and Eastern Pacific Ocean (May to 

December). Indonesia is a tropical country with dry season (April–

September or May–October) when the average rainfall decreases, 

and wet season (October–March or November–April)[6].

   Potential climate change in the tropics has been assessed in several 

studies, for example the study of Kolstad and Johansson, which 

predicted a temperature increase of 4% over land in the tropics 

by the end of this century[7]. However, considerable uncertainty 

remains concerning projections that might be made to relate 

incidence of diarrhea to such projected climate change[7].

   Both cold and dry spells of weather have been postulated as causes 
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of increase in hospital admissions for rotavirus related gastroenteritis. 

Many attempts have been made to suggest that exposure to inclement 

weather may increase the rate of rotavirus infection. It has even been 

speculated that changes in the relative indoor humidity may also be 

an important factor in the rate of rotavirus infection among young 

infants. Other studies suggested that monthly rainfall might be 

one of the most important environmental determinants of rotavirus 

infectivity[8].

   The aim of this study was to identify real correlations between 

climate variations (temperature, rainfall, humidity, and wind speed), 

and the incidence of rotavirus diarrhea in Bandung, Indonesia.

2. Materials and methods

   The subjects of the study were children aged less than five years 

old with acute diarrhea in the Dr. Hasan Sadikin General Hospital 

over a period from April 2009 to December 2012. Fresh stool 

specimens were obtained from enrolled children within 24 h of 

their admission, and stored between 4–8 °C before being tested at 

the Laboratory of Microbiology by using ProSpecTTM Rotavirus 

Microplate Assay for the detection of rotavirus antigen. Weather 

information such as the highest and lowest temperatures, humidity, 

rainfall, and wind speed were monthly obtained from Bandung 

Meteorology, Climatology, and Geophysics Agency.

   The data were analyzed using Epi InfoTM 7, Chi-square test and the 

Pearson correlation test. Dara was considered to be significant at P < 

0.05.

3. Results

   Tests were carried out on 945 stool specimens. Rotavirus antigen 

was detected in 427 of them (45.2%). Rotavirus infection rate was 

proportionally higher in boys than that in girls: 258 of the total 427 

infected children were boys, while 169 of them were girls. The 

proportions were 60% and 40% for boys and girls, respectively. The 

peak period for rotavirus positive identification turned out to be the 

calendar month of January (71.0%) (Table 1). During the dry season 

(April–September), rotavirus were found positive in 250 out of 552 

samples (45.3%) and 177 out of 393 (45.0%) during the wet season 

(October–March), which showed no significant correlation to the 

seasonal distribution of rotavirus (P = 0.939).

Table 1
Seasonal distribution of rotavirus in 2009–2012.

Month No. of stool specimen Rotavirus positive
2009 2010 2011 2012 ∑ % Positive

January   62 -   33    4 7 44 71.0
February   61 -   11   12 5 28 45.9
March   58 -    9   15 5 29 50.0
April   74   16  14   11 1 42 56.8
May   90   17    9   16 6 48 53.3
June   81   15    7   13 8 43 53.1
July 110   20  18    7 7 52 47.3
August   92   14  14    3 5 36 39.1
September 105   15    7    2 5 29 27.6
October   60    4    7    3 0 14 23.3
November   84   18    3    9 5 35 41.7
December   68   14    3    6 4 27 39.7

Total 945 133 135 101  58 427 45.2

   The monthly average distribution of climate variation showed that 

the highest temperature, rainfall, humidity and wind speed were 

25.525 °C, 376.8 mm, 82.9% and 3.56 kn, respectively, while the 

lowest were 23.675 °C, 31.8 mm, 72.1%, and 2.94 kn, respectively 

(Table 2).

Table 2
Monthly average distribution of climate variation and rotavirus positive rate 
in 2009–2012.

Month Climate variation RP (%)
T (°C) Rainfall (mm) Humidity (%) WS (kn)

January 24.090 220.7 81.5 2.94 71.0
February  24.315 353.3 82.4 3.56 45.9
March 24.395 295.8 80.4 3.24 50.0
April 24.705 212.0 80.4 3.00 56.8
May 25.525 225.4 80.1 3.00 53.3
June 24.060 101.3 78.0 3.00 53.1
July 23.675   99.0 76.8 3.00 47.3
August 24.195   31.8 73.2 3.00 39.1
September 24.870   99.5 72.1 3.00 27.6
October 24.590 213.9 76.8 3.00 23.3
November 24.430 376.8 82.9 3.00 41.7
December 24.550 319.5 81.3 3.22 39.7

T: Temperature; WS: Wind speed; RP: Rotavirus positive.

   Figure 1 shows that rotavirus infection occured year-round with 

peaks and troughs. The highest peak was in January with 71% 

rotavirus positive in an average temperature of 24.09 °C. The lowest 

(23.3%) was in October with an average temperature of 24.59 °C. A 

negative correlation between temperature and rotavirus was found 

(r = -0.427), suggesting that when the temperature increased, the 

prevalence of rotavirus was low.
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Figure 1. Monthly distribution of rotavirus in relation to temperature in 2009–
2012.

Month

   Analysis of seasonal periods showed that in the dry season there 

was a low correlation between temperature and rotavirus positive 

identification (r = -0.257) while in the wet season there was a 

slightly stronger correlation (r = -0.938).

   In monthly distribution, we found that November had the highest 

rainfall with a rotavirus positive identification rate of 41.7%. August 

had the lowest rainfall with a rotavirus positive identification rate 

of 39.1% (Figure 2). There was no significant correlation between 

rainfall and rotavirus positive identification (r = 0.101). The 

increased humidity was shown to increase the number of rotavirus 

positive identifications (Figure 3). Thus, humidity has a moderate 

correlation with rotavirus positive identification (r = 0.536). Wind 

speed as one of the contributing climate variables (Figure 4) showed 

no significant correlation at all (r = -0.069).
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Figure 2. Monthly distribution of rotavirus positive identification in relation to 
rainfall during 2009–2012.
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Figure 3. Monthly distribution of rotavirus positive identificantion in 
relation to humidity in 2009–2012.
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Figure 4. Monthly distribution of rotavirus positive identification in 
relation to wind speed during 2009–2012.

Wind speed Rotavirus positive

4.0

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0

80

70

60

50

40

30

20

10

0

   
   

 W
in

d 
sp

ee
d 

(k
n)

 R
ot

av
ir

us
 p

os
iti

ve
 (

%
)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Month

4. Discussion

   It is to be observed that the hospitalization rate of rotavirus infected 

infant patients is much higher in the children younger than five years 

old than that in the children greater than five years old. Our study 

demonstrated that the rotavirus data of 4-year periodic mode were 

correlated with meteorological data available from the Dr. Hasan 

Sadikin General Hospital, Bandung, Indonesia (Table 1) over a 45-

month period, April 2009 to December 2012.

   The results of the study showed no statistically significant correlation 

between the seasonal distribution of rotavirus and the dry and the wet 

seasons (P = 0.939). Rotavirus infection was positively identified 

in 250 out of 552 specimens (45.3%) in the dry season (April–

September), and in only 177 out of 393 specimens (45.0%) during the 

wet season (October–March). As a seasonal period, the dry season 

showed a low correlation whereas the wet season showed a slightly 

stronger correlation with the rate of rotavirus infection.

   In a tropical country like Indonesia, the temperature is relatively 

similar between dry and wet seasons (average temperature 23.6–

25.5 °C). This is similar to a previous study in terms that in the tropics 

the number of rotavirus detections was influenced by changes in 

climate, with the highest number of infections found in the colder and 

drier times of the year[9].

   A study by Nguyen et al.[10] in 6 hospitals in North and South 

Vietnam found that, in the north, rotavirus infection was detected at 

rates above the annual median for 5 consecutive months in winter or 

spring and below the median in the summer and fall. This pattern was 

not presented in the south, where rotavirus infection occurred year 

round with hardly any seasonal variation. Rotavirus was detected in 

all sites every month of screening and never absented[10]. This is in 

contrast with another study in Southern Jordan, where the rotavirus 

infection rate is 39.9% in children. The lowest rate of infection occurred 

in winter[11]. However, this is similar to findings by Sumi et al. in 

Kolkata, India, where rotavirus infections 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[12]. In South Asia, the highest rate of rotavirus infection was seen 

in the colder and drier months[13]. Another research found that, during 

the pre-rotavirus vaccine era, rotavirus caused marked winter seasonal 

peaks of gastroenteritis in the US[14]. Narci et al. also reported that the 

greater number of cases was to be found in winter[15]. The ongoing 

research into peak rotavirus activity in Japan has shifted gradually from 

winter to early spring for some unknown reasons[16].

   In our study, temporal patterns of rotavirus infection and 

meteorological conditions were contributors. Our result identified the 

calendar month of January as the peak period for rotavirus infection 

(Table 1). The results of our study were similar to those obtained in 

other similar studies in other geographical areas. Our study showed 

that the rotavirus has a negative correlation with mean monthly 

temperature, similar to previous studies on the correlation between 

rotavirus infections and meteorological conditions[5,7,17].

   A systematic review of 26 studies from 15 countries in tropical 

regions by Levy et al. consistently suggested an inverse relationship 

between monthly rotavirus incidence and climatological variation with 

a significant negative association with temperature[5]. Another study 

showed that higher temperatures were associated with a decrease 

in rotavirus diarrhea admissions in three Australian cities[7]. A 

significant positive association between the number of hospital visits 

for rotavirus diarrhea and temperature is also suggested by another 

study[17]. Temperature and precipitation in the previous month remain 

to be significant predictors and the association with temperature is 

stronger in tropical climates[12]. Hospitalization for rotavirus infection 

is strongly associated with mean temperatures in the Mediterranean 

island of Mallorca (Spain)[13].

   High humidity seems to increase the identification of rotavirus 

within a moderately significant correlation (Figure 3). However, a 

Bangladesh study seems to suggest a negative association between 

high temperature, together with low humidity and the incidence of 

rotavirus diarrhea. Hashizume et al. showed that factors associated 
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with high temperature, low humidity and high river level increase 

the incidence of rotavirus diarrhea[18]. Furthermore, a study of three 

Australian cities showed that higher humidity may be associated with 
the decrease in rotavirus diarrhea admissions[7]. The increase in the 
prevalence of rotavirus during the drier and cooler months with lower 
relative humidity is consistent with some previous observations from 
other settings[19,20]. In a previous study, a significant relationship 
was noted between the mean relative humidity and the rate of virus 
detection. The rotavirus detection rate varies inversely with the 
humidity and reaches the highest when mean relative humidity is at 
its lowest. No virus is detected when mean relative humidity is at its 
highest and a higher relative air humidity would seem to lead to low 
viral detection rates[21,22].
   No significant correlation seems to link rainfall (Figure 2) to rates 
of rotavirus infection at all. A study on relevant temperature and 
dependent transmissions of rotavirus infection in both Great Britain 
and Netherlands found no evidence of an association between the 
number of rotavirus infection cases and rainfall[19]. In a previous 
study, contrasting the correlation between rotavirus infection and 
meteorological conditions, a relationship between monthly rotavirus 
incidence and climatological variables was consistently found to 
have a significant negative association with rainfall[5,11]. The low 
viral detection rates could indeed be associated with a higher rainfall 
index[22].
   The wind speed (Figure 4) showed no correlation at all with 
rotavirus infection, contradicting the findings of one study (which 
took place on the Mediterranean island of Mallorca, Spain) where 
the rate of rotavirus-induced hospitalization was positively associated 
with wind speed[19].
   Our study showed that rotavirus infections will occur year-round 
with peaks and troughs, but without there being any significant 
correlation to either the dry or the wet season. Rotavirus infection 
is shown to have a negative correlation to temperature, a moderate 
correlation only to humidity, and no significant correlation at all can 
be identified that would associate rotavirus-induced infection with 
either rainfall or wind speed.

Conflict of interest statement

   We declare that we have no conflict of interest.

Acknowledgments

   The authors wish to acknowledge all study participants, their 
caregivers, their nursing, clinical, and research staff. We must also 
acknowledge the help given to this study by the Laboratory of 
Microbiology, Gadjah Mada University.

References

[1]    World Health Organization. Diarrhoea: why children are still dying 

and what can be done. Geneva: World Health Organization; 2009. 

[Online] Available from: http://www.who.int/maternal_child_adolescent/

documents/9789241598415/en/ [Accessed on 15th July, 2015]

[2]    Patel MM, Pitzer VE, Alonso WJ, Vera D, Lopman B, Tate J, et al. 

Global seasonality of rotavirus disease. Pediatr Infect Dis J 2013; 32(4): 

e134-47.

[3]    Soenarto Y, Aman AT, Bakri A, Waluya H, Firmansyah A, Kadim M, et 

al. Burden of severe rotavirus diarrhea in Indonesia. J Infect Dis 2009; 

200(Suppl 1): S188-94.

[4]    Prasetyo D, Martiza I, Soenarto Y. Surveillance of rotavirus diarrhea in 

Hasan Sadikin Hospital Bandung. Bandung Med J 2010; 42: 155-60.

[5]    Levy K, Hubbard AE, Eisenberg JNS. Seasonility of rotavirus disease in 

the tropics: a systematic review and meta-analysis. Int J Epidemiol 2009; 

38: 1487-96.

[6]    Ministry of Environment, Republic of Indonesia. Indonesia country 

report: climate variability and climate change and their implication. 

Jakarta: Ministry of Environment, Republic of Indonesia; 2007, p. 3-5.

[7]    Kolstad EW, Johansson KA. Uncertainties associated with quantifying 

climate change impacts on human health: a case study for diarrhea. 

Environ Health Perspect 2011; 119(3): 299-305.

[8]    D’Souza RM, Hall G, Becker NG. Climatic factor associated with 

hospitalizations for rotavirus diarrhoea in children under 5 years of age. 

Epidemiol Infect 2008; 136: 56-64.

[9]    Cook SM, Glass RI, LeBaron CW, Ho MS. Global seasonality of 

rotavirus infections. Bull World Health Organ 1990; 68(2): 171-7.

[10]  Nguyen VM, Nguyen VT, Huynh PL, Dang DT, Nguyen TH, Phan VT, 

et al. The epidemiology and disease burden of rotavirus in Vietnam: 

sentinel surveillans at 6 hospitals. J Infect Dis 2001; 183: 1707-12.

[11]  Nafi O. Rotavirus gastroenteritis among children aged under 5 years in 

Al Karak, Jordan. East Mediterr Health J 2010; 16(10): 1064-9.

[12]  Sumi A, Rajendran K, Ramamurthy T, Krishnan T, Nair GB, Harigane 

K, et al. Effect of temperature, relative humidity and rainfall on rotavirus 

infections in Kolkata, India. Epidemiol Infect 2013; 141: 1652-61.

[13]  Jagai JS, Sarkar R, Castronovo D, Kattula D, McEntee J, Ward H, et 

al. Seasonality of rotavirus in South Asia: a meta-analysis approach 

assessing associations with temperature, precipitation, and vegetation 

index. PLoS One 2012; 7(5): e38168.

[14]  Payne DC, Wikswo M, Parashar UD. Rotavirus. In: VPD surveillance 

manual. 5th ed. Atlanta: Centers for Disease Control and Prevention; 

2011.

[15]  Narci H, Ugur M, Kisinma A, Turan H. Age distribution and seasonal 

pattern of rotavirus infection in children under 5 years. Jundishapur J 

Microbiol 2012; 6(1): 16-9.

[16]  Suzuki H, Sakai T, Tanabe N, Okabe N. Peak rotavirus activity shifted 

from winter to early spring in Japan. Pediatr Infect Dis J 2005; 24: 257-

60.

[17]  Atchison CJ, Tam CC, Hajat S, van Pelt W, Cowden JM, Lopman BA. 

Temperature-dependent transmission of rotavirus in Great Britain and 

Netherlands. Proc Biol Sci 2010; 277: 933-42.

[18]  Hashizume M, Armstrong B, Wagatsuma Y, Faruque AS, Hayashi 

T, Sack DA. Rotavirus infections and climate variability in Dhaka. 

Bangladesh: a time series analysis. Epidemiol Infect 2008; 136: 1281-9.

[19]  Hervás D, Hervás-Marsip J, Rosell A, Mena A, Pérez JL, Hervás JA. Are 

hospitalizations for rotavirus gastroenteritis associated with meteorologic 

factors? Eur J Clin Microbiol Infect Dis 2014; 33(9): 1547-53.

[20]  Mustafa A, Makki A, Siddig O, Haithami S, Teleb N, Trivedi T, et al. 

Baseline burden of rotavirus disease in Sudan to monitor the impact of 

vaccination. Pediatr Infect Dis J 2014; 33(Suppl 1): S23-7.

[21]  Paul MO, Erinle EA. Influence of humidity on rotavirus prevalence 

among Nigerian infants and young children with gastroenteritis. J Clin 

Microbiol 1982; 15(2): 212-5.

[22]  Cardoso Dd, Soares CM, Dias e Souza MB, de Azevedo Mda S, Martins 

RM, Queiróz DA, et al. Epidemiological features of rotavirus infection 

in Goiânia, Goiás, Brazil, from 1986 to 2000. Mem Inst Oswaldo Cruz 

2003; 98(1): 25-9.


