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ABSTRACT

Traditionally, cholera has been viewed as a strictly faecal-oral infection but recently increased attention is being
paid to the environmental determinants of the disease. Therefore, this retrospective study was conducted to assess
the impact of climatic factors - temperature, water precipitation and relative humidity on the occurrence/outbreak
of cholera from 2008 to 2014 in Kathmandu district, Nepal. The monthly number of cholera cases was obtained
from District Public Health Office, Kathmandu and meteorological data from Department of Hydrology and
Meteorology, Nepal. The obtained data was entered into Microsoft Office Excel 2007 in a standard format and
transferred into Statistical Package for Social Sciences 21.0. Time series analysis was done by using
autoregressive integrated moving average (ARIMA) model. The yearly distribution of cholera cases in Kathmandu
district showed an increasing trend from 2008 onwards and reached a peak in 2010 after which the number of
cases follow a decreasing trend. The disease seems to be endemic in the district and cases appear throughout the
year with seasonal rise in cholera cases starting from July. Temperature (maximum and minimum), rainfall and
average relative humidity didn’t show any positive correlations with number of cholera cases. Further studies on
impact of climate change on cholera should be done dealing with data on daily basis and for a period of longer

duration.
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INTRODUCTION

Climate change is a significant and emerging threat to
public health. WHO has identified cholera and other
diarrhoeal diseases as one of the major health
consequences of climate change. Waterborne diseases
emerge after the too much or too little water.! Both
scarcities of water, that is essential for hygiene and
excess water mainly floods contributing to the spread of
contaminated water will increase the burden of
diarrhoeal disease. Globally, there are an estimated 3-5
million cholera cases and 100,000-120,000 deaths due to
cholera each year. Several studies have shown the
occurrence of cholera in Nepal®® and 26 districts have
been categorized by the Epidemiology and Disease
Control Division, Nepal as high risk outbreak prone
districts, expecting 1-3 diarrhoeal disease outbreaks per
year.' Traditionally, cholera has been viewed as a
strictly faecal-oral infection but recently increased
attention is being paid to the environmental determinants
of the disease.l"” Evidences suggest that climate change
contributes to increased morbidity and mortality in many
regions of the world.'® Therefore, it is of interest to
anticipate the potential impact of extreme climate events
such as abnormally hot temperatures, floods, etc on
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cholera. Changes in the number of Vibrio cholerae
reservoirs could lead to changes in the number of this
organism in the environment. Thus, climatic and/or
environmental changes can potentially be responsible for
the emergence of cholera in human populations.

MATERIALS AND METHODS

Study design

This retrospective study was done using secondary data
analysis. The study design was descriptive longitudinal
study from 2008 to 2014 for a period of 7 years.

Study population, sample size and selection criteria
The Kathmandu district, central region of Nepal, was
selected as the study site. Diarrhoeal diseases including
cholera are prevalent in this district. All cases of cholera
reported by District Public Health Office (DPHO) of
Kathmandu district were included in the analysis.

Data collection procedures and instruments

Epidemiological data on cholera were accessed in April
2016 from the DPHO, Kathmandu. Similarly, monthly
data on climate change i.e temperature (maximum and
minimum), relative humidity and rainfall from the

251



Sharma et al.

European Journal of Biomedical and Pharmaceutical Sciences ‘

meteorological station located at longitude 85.37292,
latitude 27.70386 and elevation 1337 was accessed in
March 2016 from Department of Hydrology and
Meteorology (DHM), Kathmandu.

Data analysis

The obtained data was entered into Microsoft Office
Excel 2007 in a standard format and transferred into
Statistical Package for Social Sciences 21.0. Time series
analysis was done by using autoregressive integrated
moving average (ARIMA) model. Premonsoon (March-
May), Monsoon (June-September), Postmonsoon
(October-November) and winter (December previous
year — February) were the four categorized seasons used.

RESULTS

The yearly distribution of cholera cases in Kathmandu
district showed increasing trend from 2008 onwards and
reached a peak in 2010 after which the number of cases
follow a decreasing trend.

The disease seems to be endemic in the district and cases
appear throughout the year with seasonal rise in cholera
cases starting from July (Fig. 1).

Monthly distribution of cholera cases in Kathmandu

100
]
60 A 1
0 — A I
S AAAVA R AN TEVY W
0
W 000000 O0Hdd A NNNMDMM” T T
AR SR SRS S AN
L N S A T R A SR N
o igligiigiisligliill
32r312t31é&tTsers2ci2rail
ESEESEETEgcEEcEEEECE
LA - I - - A - -
B a° a " a ° a ” a " g ° o
] [} [} [} ] ] [}
1] N n i} 1] 1] n
Fig:1. Monthly distribution of cholera cases in

Kathmandu.

The number of cholera cases were highest during
Monsoon followed by winter and about similar number
of cases appeared during pre-monsoon and post-
monsoon period.

Table 1: Seasonal variation of cholera cases

Season Cholera cases

Pre- monsoon (March-May) | 169

Monsoon (June-Sep) 479

Post-monsoon (Oct-Nov) 174

Winter (Dec-Feb) 347
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Fig: 2. Time plots of number of cholera cases per
month and monthly maximum temperature (°C) in
Kathmandu, 2008—2014.

100
’ =
0 166 -8 3
-
5 [+
SATIRANARIRATCNN
0115 r
(] 4Um-h
2 A s
£ 66 7
[IVELE I L w9
[ T 1 )
F -
16 == 0 v
RPN OQOMedrdNNNMmMM T TS
0000 0Hd"dddddrddrddddd
ChoCPOCPOCPOCPACPOC 2D
tfonTonfonfonfonlonfa
-!Em-\Em-yEm-\Em-aEmﬁEmﬂzm

Fig: 3. Time plots of humber of cholera cases per
month and monthly minimum temperature (°C) in
Kathmandu, 2008—2014.
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Fig: 4. Time plots of number of cholera cases per
month and monthly rainfall (mm) in Kathmandu,
2008—2014.
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Fig: 5. Time plots of number of cholera cases per
month and average relative humidity (%) in
Kathmandu, 2008—2014.

Temperature (maximum and minimum), rainfall and
average relative humidity have not shown positive
correlations with cholera occurrence.

Table: 2. Correlation of Climatic variables with
cholera

Climatic variable Pearson P-
correlation | value

Maximum -.045 .681
temperature
Minimum temperature -.006 975
Rainfall .085 441
Relative humidity
(AM) .058 .601
Relative humidity
PM) 151 171
Aver_age relative 118 284
humidity

DISCUSSION

Temperature, salinity, rainfall and plankton have proven
to be important factors in the ecology of V. cholerae,
influencing the transmission of the disease in those
regions of the world where the human population relies
on untreated water as a source of drinking water.!**!

Climatologists predict a 1.4 to 5.8°C rise in mean
temperatures over the next 100 years.[“] Increasing
temperatures would be expected to expand the range and
increase the prevalence of V. cholerae. Changes in
sunlight and/or UV intensity could increase the rates of
induction and propagation of the CTX® phage and,
thereby, increase the potential for the emergence of new
toxigenic V. cholerae strains.™

Analysis of the frequency of specific disease cases
throughout the year is a logical first-order assessment of
the potential role of climate in disease transmission. For
cholera, a distinct seasonal pattern is evident, particularly
in regions of endemicity.™ Our study showed that the
disease is endemic in Kathmandu. Cholera is firmly
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endemic in some areas such as the South Asian countries
- Bangladesh and India where cholera infections occur
every year. Several additional studies describe the
pattern of two annual El Tor cholera peaks: a smaller
spring outbreak in April before the monsoons followed
by a larger fall outbreak from September to December
after the monsoon™®®) In Pakistan, classical cholera
typically increases from November to January and from
April to May? while in Kolkata, India, seasonal patterns
of cholera cases peak in April, May, and June.!??

Torres, 2001 incorporated seasonality into a model of
endemic cholera and showed that cholera infections
occurred 2 to 4 months after the onset of V.
cholerae growth in the environment.”® Furthermore,
only transient environmental  reservoirs  of V.
cholerae were required to maintain endemism in poor
communities. This organism can persist within a given
geographical location for many years, offering an
explanation of reappearance of cholera after years of
quiescence or seeming absence. !

Other climatic variables related to water levels such as
rainfall have also been involved to explain cholera
patterns since early times. Floods and droughts can affect
not only the concentration of the bacterium in the
environment, but its survival through the effect of
salinity, pH or nutrient concentrations, as well as human
exposure to the pathogen, sanitary conditions and
susceptibility to disease.[® It is likely that high rainfall
favor multiplication of the bacteria and contamination of
water sources by the bacteria.?® However, in this study,
cholera shows an irregular trend with temperature and
rainfall variability.

According to Huq et al. (2005), environmental sampling
and analysis of the environmental and clinical data
revealed significant correlations of water temperature,
water depth, rainfall, conductivity, and copepod counts
with the occurrence of cholera toxin producing
bacteria.’?”!

In the context of Nepal, only few studies™ %% have
been documented regarding the association of climate
change with cholera outbreak. Bhandari et al., 2012
concluded that the association among climate variables
and diarrheal disease occurrence cannot be neglected and
recommended further prospective longitudinal study
adjusting influence of non-climatic factors. Gautam et
al., 2012 reported a small cholera outbreak in winter
season in Saptari district of eastern Nepal in 2007.1

The limitation of this study lies in the fact that time
series analysis has been done based on data of 7 years.
However, researchers suggest that the data of longer
period at least 30 years should be analyzed to study the
impact of climate change on human health.
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CONCLUSIONS

The time series analysis showed that none of the climatic
variables i.e maximum and minimum temperature,
relative humidity and rainfall are significant predictors
for cholera in Kathmandu, Nepal.

ACKNOWLEDGEMENTS

The authors would like to thank District Public Health
Office, Kathmandu and Department of Hydrology and
Meteorology, Kathmandu for providing data required for
the study.

FUNDING

This paper is based on research financed under the
Climate Change Research Grants Program implemented
by the Nepal Academy of Science and Technology. The
Program is part of the Mainstreaming Climate Change
Risk Management in Development project. This project is
a component of Nepal’s Pilot Program for Climate
Resilience and is executed by the Ministry of Science,
Technology and Environment, Nepal, financed by the
Climate Investment Funds, administered by the Asian
Development Bank with technical assistance from
ICEM, METCON and APTEC.

REFERENCES

1. Dhimal M, Bhusal C. Impacts of Climate Change on
Human Health and Adaptation Strategies for Nepal
Journal of Nepal Health Research Council, 2009;
7(15): 140-1.

2. Shakya G, Kim DW, Clemens JD, Malla S,
Upadhyaya BP, Dumre SP, et al. Phenotypic and
genetic characterization of Vibrio cholerae O1
clinical isolates collected through national
antimicrobial resistance surveillance network in
Nepal. World journal of microbiology &
biotechnology. 2012;28(8):2671-8. Epub
2012/07/19.

3. Shrestha SD, Malla S, Adhikari BR, Shakya G,
Basnyat SR, Sharma S. Antibiotic susceptibility
patterns of Vibrio cholerae isolates. INMA; journal
of the Nepal Medical Association, 2010; 49(179):
232-6. Epub 2010/07/01.

4. Sharma SP. Hepatitis E and cholera outbreak in
Kathmandu. CMAJ : Canadian Medical Association
journal = journal de [I'Association medicale
canadienne, 2006; 175(8): 860. Epub 2006/10/13.

5. Tamang MD, Sharma N, Makaju RK, Sarma AN,
Koju R, Nepali N, et al. An outbreak of El Tor
cholera in Kavre district, Nepal. Kathmandu Univ
Med J (KUMJ), 2005; 3(2): 138-42. Epub
2006/01/18.

6. Pokhrel BM, Kubo T. Outbreaks of cholera in
Nepal. The Southeast Asian journal of tropical
medicine and public health, 1996; 27(3): 574-9.
Epub 1996/09/01.

7. Yamamoto K, Shrestha J, lida T, Yoh M, Honda T.
Molecular epidemiology of Vibrio cholerae O1
isolated in Nepal by southern hybridization with a
cholera toxin gene probe. Journal of diarrhoeal

www.ejbps.com

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

European Journal of Biomedical and Pharmaceutical Sciences

diseases research, 113-7.
1995/06/01.

Anniss OE. Cholera epidemic in Nepal. Nursing
mirror and midwives journal, 1966; 122(6): i-ii.
Epub 1966/05/06.

Gimlette GH. Report on the Cholera Epidemic of
1885 in Nepal; with a Short Description of the
Topography and Inhabitants of the Valley. British
medical journal, 1886; 1(1325): 963-6. Epub
1886/05/22.

Annual Report. In: Department of Health Services
MoHaP, Government of Nepal, editor, 2011.

Lal A, lkeda T, French N, Baker MG, Hales S.
Climate variability, weather and enteric disease
incidence in New Zealand: time series analysis. PloS
one, 2013; 8(12): e83484. Epub 2014/01/01.

Patz JA, Campbell-Lendrum D, Holloway T, Foley
JA. Impact of regional climate change on human
health. Nature, 2005; 438(7066): 310-7. Epub
2005/11/18.

Constantin de Magny G, Colwell RR. Cholera and
climate: a demonstrated relationship. Transactions of
the  American Clinical and Climatological
Association, 2009; 120: 119-28. Epub 2009/09/22.
DeFries RS, Houghton RA, Hansen MC, Field CB,
Skole D, Townshend J. Carbon emissions from
tropical deforestation and regrowth based on satellite
observations for the 1980s and 1990s. Proceedings
of the National Academy of Sciences of the United
States of America, 2002; 99(22): 14256-61. Epub
2002/10/18.

Lipp EK, Hug A, Colwell RR. Effects of global
climate on infectious disease: the cholera model.
Clinical microbiology reviews, 2002; 15(4): 757-70.
Epub 2002/10/05.

Glass RI, Becker S, Hug M, Stoll BJ, Khan MU,
Merson MH, et al. Endemic cholera in rural
Bangladesh, 1966-1980. American journal of
epidemiology, 1982; 116(6): 959-70. Epub
1982/12/01.

Samadi AR, Hug MI, Shahid N, Khan MU, Eusof A,
Rahman AS, et al. Classical Vibrio cholerae biotype
displaces EL tor in Bangladesh. Lancet, 1983;
1(8328): 805-7. Epub 1983/04/09.

Merson MH, Black RE, Sack DA, Svennerholm
AM, Holmgren J. Maternal cholera immunisation
and scecretory IgA in breast milk. Lancet, 1980;
1(8174): 931-2. Epub 1980/04/26.

Sack RB, Siddique AK, Longini IM, Jr., Nizam A,
Yunus M, Islam MS, et al. A 4-year study of the
epidemiology of Vibrio cholerae in four rural areas
of Bangladesh. The Journal of infectious diseases,
2003; 187(1): 96-101. Epub 2003/01/01.

Pascual M, Cazelles B, Bouma MJ, Chaves LF,
Koelle K. Shifting patterns: malaria dynamics and
rainfall ~variability in an African highland.
Proceedings Biological sciences / The Royal
Society, 2008; 275(1631): 123-32. Epub 2007/11/15.
Martin AR, Mosley WH, Sau BB, Ahmed S, Hug I.
Epidemiologic analysis of endemic cholera in urban

1995; 13(2): Epub

254



Sharma et al. European Journal of Biomedical and Pharmaceutical Sciences

East Pakistan, 1964-1966. American journal of
epidemiology, 1969; 89(5): 572-82. Epub
1969/05/01.

22. Emch M, Feldacker C, Islam MS, Ali M.
Seasonality of cholera from 1974 to 2005: a review
of global patterns. International journal of health
geographics, 2008; 7: 31. Epub 2008/06/24.

23. Torres KC, Johnson ML. Testing of metal
bioaccumulation models with measured body
burdens in mice. Environmental toxicology and
chemistry / SETAC, 2001; 20(11): 2627-38. Epub
2001/11/09.

24. Colwell RR. Global climate and infectious disease:
the cholera paradigm. Science, 1996; 274(5295):
2025-31. Epub 1996/12/20.

25. Sedas VT. Influence of environmental factors on the
presence of Vibrio cholerae in the marine
environment: a climate link. Journal of infection in
developing countries, 2007; 1(3): 224-41. Epub
2007/01/01.

26. Munyuli MT, Kavuvu JM, Mulinganya G, Bwinja
GM. The Potential Financial Costs of Climate
Change on Health of Urban and Rural Citizens: A
Case Study of Vibrio cholerae Infections at Bukavu
Town, South Kivu Province, Eastern of Democratic
Republic of Congo. Iranian journal of public health,
2013; 42(7): 707-25. Epub 2014/01/16.

27. Hug A, Sack RB, Nizam A, Longini IM, Nair GB,
Ali A, et al. Critical factors influencing the
occurrence of Vibrio cholerae in the environment of
Bangladesh. Applied and environmental
microbiology, 2005; 71(8): 4645-54. Epub
2005/08/09.

28. Joshi HD, Dhimal B, Dhimal M, Bhusal CL. Public
health impacts of climate change in Nepal. Journal
of Nepal Health Research Council, 2011; 9(1): 71-5.
Epub 2011/04/01.

29. Bhandari GP, Gurung S, Dhimal M, Bhusal CL.
Climate change and occurrence of diarrheal
diseases: evolving facts from Nepal. Journal of
Nepal Health Research Council, 2012; 10(22): 181-
6. Epub 2013/01/03.

30. Gautam S, Jha P, Khanal B, Tamrakar D, Yadav
DK. Cholera: small outbreak in winter season of
eastern Nepal. North American journal of medical
sciences, 2012; 4(12): 657-8. Epub 2012/12/29.

www.ejbps.com 255



