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Abstract: The impact of climate change and global warmingwesddwide and global concern. Bangladesh is unfuately
home to many infectious diseases. Climate charigetkevents like temperature, rainfall, humidity have direct and indirect
adverse impacts on the outbreak of infectious diseamong children. A number of water, air and vebtwrne infectious
diseases including diarrhoea, measles, rubella;&zdr, malaria and dengete. are common in Bangladesh. A cross sectional
study was carried out to observe the impact ofaiéiactors on the incidence of air borne infedidisease among children in
Bangladesh. The methodology of the study incluaedyais of both secondary and primary data. Resulisved the long-term
changes of annual mean, maximum and minimum teryeraf study area over the study period (1964-2@dund to have in
general increasing trends in annual mean and amneh minimum temperature but the mean maximumeeghypre slightly
rising in recent past decades. Seasonal mean tatapes are also found to have increased trend.Idrgeterm changes in
annual rainfall that showed declining trend. Seaboainfalls also showed markedly reduced in wiated post autumn season.
The primary data reveals that temperature is thia anad rainfalls comes next as influencing factardir borne measles like
disease and their outbreak among children. Thelémzie of measles like disease was found positineledion with maximum
temperature and negatively correlated with avemrag@mum temperature and total annual rainfalls. ldeer, the current
understanding of the impact of climate change endiitbreak of air borne infectious disease is nfficgent. To address the
existing and future impact of climate change ondbtbreak of infectious diseases among childrematke sensitive infectious
disease surveillance and continuous monitoringetodnsidered and further studies are needed.
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especially in children, largely due to reductionniortality
from infectious diseases. Despite substantial g®gjrvaccine

Climate is a determinant of health. Climate andthesare Preventable airborne infectious diseases like nssagimain
important components of complex ecosystems. Clima@s important causes of ill health and prematurethdea
constrains the range of infectious diseases, wheremther Bangladesh. In the most receont national demographit
affects the timing and intensity of outbreaks. ilflections ~Nealth survey (year 2011) 62% of deaths among remld
involve an agent (or pathogen), host(s), and tiir@mment, Under the age of 5 years in Bangladesh were asciibe
Climate can influence pathogens, vectors, hostrdefg and infectious diseases. The use of vaccines resulisprofound
habitat. Infectious diseases continue to be thenguse of alteration of the environment in which parasitee lindeed,
morbidity and mortality worldwide. Bangladesh isthe goal of vaccination is to protect individualste® and
unfortunately home to many infectious diseasesr@helast Cconsequently decrease parasite prevalence. Uliynates

several decades Bangladesh has made remarkablegsag M2y even lead to the eradication of the diseaseThgse
reducing the human health burden of infectious atise epidemiological consequences of vaccination haveived a
considerable amount of attention, both from an eicgiand

1. Introduction
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a theoretical standpoint [2], [3]. There were saemearches likely to be influenced by climatic factors sindeetagent
and studies on climate change and its impactsmgBaesh at spends little to no time outside the human hosts€éhliseases
different times by both government and non-govemmme are susceptible to changes in human behavior, sgh

organization and institutions. There is very litttdormation
about climate change and airborne infectious des&asden
in Bangladesh.

1.1. Climate Change in Bangladesh

crowding, schooling, socio-cultural gathering anddequate
sanitation that may results from climatic changesectly

transmitted airborne infectious diseases includesagies,
rubella, mumps, and tuberculosis [7].

1. Meades

1.3.1.
The Bangladesh Country Study for the U.S. Country \eagies is the most contagious disease known to inian

Studies Program used an older version of the Gesdly

a major childhood killer in developing countrieaccounting

Fluid Dynamics Laboratory (GFDL) transient modeldan ¢y anout 900 000 deaths a year. The mean agdegtion is

projected that temperature would rise 1.3°C by 2Q3&er
mid-20th century levels) and 2.6°C by 2070. Theorep
estimated that winter warming would be greater thammer
warming. The study also estimated little changewinter
precipitation and an increase in precipitation wdgrithe
monsoon [4]. Second major work was also conductefbh
where they attempted to characterize changes oflBdesh
climate. The research showed that the annual aasbgral
mean temperatures are found to have in generatdnirg
trends in Bangladesh. The overall trend in meanuahn
temperature was found to be +0.10 and +0.210 Glpeade
for years 1948 to 2007 and 1980 to 2007 respewgtivel

about 9-12 months but varies among countries igelgrart
due to differences in passive immunity providedrfrmother
to child through trans placental antibody transfdildhood
nutrition and national vaccination schedules. Theastes
virus may ultimately be responsible for more cli&hths than
any other single microbe due to complications from
pneumonia, diarrhoea and malnutrition. Measles lisiman
disease and is not known to occur in animals. Aitio
vaccine initiatives have had considerable sucagessducing
its impact, measles continues to be a serious flodalth
burden. In earlier studies, pre-vaccine measladénce often
exhibited a strong annual or biannual pattern. &mids begin

concludes that warming has been more rapid in tecefs garly as September and as late as DecembemuaryaThe

decades.
1.2. Climate and Human Health

Knowledge of the interactions between climate aedlth
date back to the time of Aristrotole, but our ursti@nding of
this subject has recently progressed rapidly detaogy has
become more advanced. Evidence is mounting thaigesain
the broad-scale climate system may already be taftpc
human health, including mortality and morbidity rfro
extreme heat, cold, drought or storms; changeis and water
quality; and changes in the ecology of infectioisedses [6].
Climate change also brings new challenges to timéraioof
infectious diseases. Many of the major killers aighly
climate sensitive as regards to temperature, hiyniaind
rainfall, including air born (measles) and the walb®rn
(diarrhoeal) diseases, as well as diseases ingjutialaria,
kala azar, dengue and other infections carrieddoyors.

1.3. Climate Change and Air Borne I nfectious Diseases
Outbreak

Climate is one of several important factors inflcieg the
incidence of infectious diseases. The combinatibhigher
temperatures and potential increases in summeiptedon
could create the conditions for greater intensityspread of
many air borne infectious diseases. The causestbfaaks of
infectious disease are quite complex and oftenatchave a
simple relationship with increasing temperatureclvange in
precipitation. Pathogens of air borne infectiousedses are

epidemics were peak in the spring, often in lateddar early
April [1].

Prior to the availability of measles vaccine, messl|
infected over 90% of children before they reachegdars of
age. Though childhood immunization program has etigk
increases its coverage in Bangladesh but still inasvone of
the major causes of mortality and morbidity in dhgin.

1.3.2. Transmission

The highly contagious viruses spread by coughind an
sheezing, close personal contact or direct comtitletinfected
nasal or throat secretions. The virus remains actwd
contagious in the air or on infected surfaces forta two
hours. It can be transmitted by an infected pefsom four
days prior to the onset of the rash to four daysrahe rash
erupts. Transmission, which is primarily by largspiratory
droplets, increases during the late winter andyesgting in
temperate climates and after the rainy season dpical
climates.

1.3.3. Measles Outbreak

Measles outbreaks can be particularly deadly imtoas
experiencing or recovering from a natural disasteronflict.
The major factors that determine the epidemic sprefa
measles are the accumulation of the susceptible renwd
migrant that have not suffered from disease in mroanity
and the inevitable exposure to infection. Measletbr@aks
can result in epidemics that cause many deathgcisly
among young, malnourished children. Epidemics midy s

normally transmitted directly between two human teos occur every 2 or 3 years in areas where therewsvkiccine

through physical contact or droplet exposure.
transmission cycle of these diseases compriseglsvoents:
pathogen and human host. Generally, these diseasdsast

Theoverage. According to the current measles costrategy of

Bangladesh measles outbreak is defined as an eccarof 3
or more suspected measles cases in one month umah r
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ward/urban mahalla.

1.3.4. Rubella

Rubella is an acute, usually mild viral diseasditianally
affecting susceptible children and young adults ldweide.
Rubella is an airborne infectious disease usuatigurs in
seasonal pattern, with epidemics every 5-9 yeatshamans
are the only known host. However, the extent arribgieity
of epidemics is highly variable in both industrad and
developing countries [8]. The public health impoda of
rubella is due mainly to the teratogenic poterntdfahe viruses
if infection occurring just before conception or aarly
pregnancy may result in miscarriage, fetal deatbpagenital
defects known as congenital rubella syndrome.

Clinically sign symptoms of rubella mimics’ measlés

Bangladesh case definition of measles covered laubel| =

disease.

2. Materials and M ethods

The methodology of the study includes analysis athb
secondary and primary data. This was a cross gsattio

comparative study. Infectious disease related datae

collected from twenty Upazila Health Complex, oristritt

hospital, two Civil Surgeon office and one City foration of
the study area Rajshahi and Naogaon district audfiedm MIS
of DGHS, Dhaka. Time series of climate factors datae
collected from Bangladesh Meteorological Departnigimika
and from local weather station, Rajshahi for theogeof years
1964 to 2011. Primary data were collected fromstiey area
for the period of years 2009 to 2011. All collecttata were

analyzed by using computed based statistical sEt&RSS 19.

Pc program, and expressed as mean + SD or in fiegue in
percentage. The level of significance was expressedvalue
and p value <0.05 was considered as a level offisigmce.
Result used to find out the correlation associatietween
climatic variables temperature, rainfalls and iecice of air

borne infectious diseases. In addition, immunizagtatus and

incidence of vaccine preventable infectious diseats
analyzed. Primary data collection tools include sedwld
survey, active case search at hospital facilitied m-depth
interview with diseased individual or from attendamhe
systemic random sampling technique was carriediroshe
household of the study areas. A total of 60 clgstecluding
420 samples were selected according
proportional to size (PPS) methods which is seifgiwed. The
main purpose of primary data collections were ttecb the
data on air borne infectious disease, vaccinatiatus of the
children, perception on climatic variables (tempee
rainfall), seasonal changes of climatic factics

3. Resultsand Discussion
3.1. Analysis of Secondary data

The time series climatic data comprised monthlyamulal
mean, maximum and minimum temperature for the peoio
1964-2011 and monthly and annual mean rainfall tfa

to probabilit 15

period of 1964-2011. The data were analyzed to fimgl
seasonal, intra-seasonal and annual changes.

The long-term changes of annual maximum, mean and
minimum temperature of study area over the studyogde
(1964-2011) (Figure 1), found to have in generatéasing
trends in annual mean and annual mean minimum textyse
but the mean maximum temperature slightly was @desong in
recent past decades. The study revealed that thrieglast
47 years (1964-2011) the annual mean temperatarejah
mean minimum temperature has increased by@.and 3.8
C respectively but the annual mean maximum tempes dias
decreased by 4C.
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Figure 1. The annual mean minimum, mean and mean maximum
temperatures in Rajshahi region during the period 1964-2011.

The long-term seasonal mean temperatures are @lsal f
to have increasing trend over the study period 412@&11)
(Figure 2). The highest average maximum temperaua®
30.55C observed in the month of April in pro monsoon
season and the lowest average temperature was'CSmthe
month of January in winter season.
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Figure 2. The annual winter mean, monsoon mean and summer mean
temperatures in Rajshahi region during the period 1964-2011.

The figure 3 indicates that the long-term monthigimum
temperature in the study area over the study period
(1964-2011) was lowest in the month of January and
December which corresponds to the coldest montkerobd
in winter season of Bangladesh.
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Figure 3. Monthly average maximum and minimum temper aturesin Rajshahi
region during the period 1964-2011.
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Figure 5. Incidence of Measles like casesin Bangladesh during the period of

The figure 3, also shows that the long-term monthl)}ggo'zon

maximum temperature in the study area over theygtedod
(1964-2011) was highest in the month of April andyMvhich
corresponds to hottest months observed
monsoon season of Bangladesh.

3.2. Trendsin Rainfall in Sudy Area

The long-term changes in annual rainfall in thedgtarea
over the period (1968-2011) showed (Figure 4), idix]
trends from last two decades. The average annudhlitavas
1489 mml/year.
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Figure 4. Annual average rainfall in Rajshahi during the year 1964-2011

The long-term seasonal rainfall in the study aFégure 4),
showing markedly reduced in winter and post autgseason.
Most of the rainfall occurred in monsoon seasoit ihialso
declined in the study area over the study peri®@$412011).

3.3. Climate Sensitive | nfectious Disease Profile

In Bangladesh a good number of people suffer fram
borne infectious disease like measles and othexctiolus
disorders. The following figure show the annuaideace of
air borne climate sensitive diseases like meastes their
trend in Bangladesh.

Seasonal incidences of climate sensitive infectdissases
and their outbreak in each year over the studypewiere also

in summeer/Pfhserved. To explore the association between alimat

sensitive infectious diseases and climate factorsetation
analysis was carried out using both secondary aimapy
data. Climate factors such as annual and seasaimdélf,
annual mean maximum and minimum temperature and
climate sensitive diseasesd. Measles) were analyzed to find
out the association between impacts of climate gaam the
outbreak of infectious diseases in the study aPemrson’s
Coefficient method was applied to detect the exteft
association between incidences of each diseaselandaltic
factors. Data on climatic factors and incidence<lohate
sensitive infectious diseases from year 2000 td 2¢dre used
to find out the correlation.

A positive correlation implies that the greater Hagiation
in the climatic factors the larger the number daidences of
diseases. The results of the correlation analysisvden
climatic factors and climate sensitive infectiousedses are
shown below.
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Figure 6. Incidence of Meades outbreak and cases in study area during the
study period

a Figure 6 shows most of the outbreak occurred indkar

April and May, whereas number of cases highestanl AMay
and June. These 4 months corresponds to the susaason
of Bangladesh. Measles were found (Table 1) to pasiive
correlation with both seasonal rainfall and annaegrage
maximum temperature and negative correlation withual
rainfall. In winter there were significant positivapacts of
rainfall with the increased number of patient. Nega



American Journal of Health Research 2015; 3(1): 1-7 5

correlation also found between measles like diseas®l  annual average minimum temperature in th gariod.
Table 1. Values of Correlation coefficient of climatic variables and Meadesin study area during the study period (2000-2011)

Correlation on incidence of Measles and climate factors

Sl. No Climate variables Disease Value of Correlation coefficient
A Total annual rainfall (N=12) Measles -0.475

B Total seasonal rainfall (N=12)

1 Winter (Dec, Jan, Feb) Measles +0.899

2 Summer or Pre-monsoon (March, April, May) Measles +0.233

3 Monsoon (June, Jul, Aug, Sept) Measles -0.131

4 Autumn or Post monsoon (Oct, Nov) Measles +0.1000

C Annual average maximum temperature (N=12) Measles +0.967

D Annual average minimum temperature (N=12) Measles -0.003

The incidences of measles like cases were fourftate came late in comparison to the past. Almost all the
positive correlation with annual average maximunrespondents gave opinion on temperature and rhinfal
temperature (+0.967) and seasonal winter (+0.0&2@)mer variations.
and post monsoon (+0.1000) rainfall. Negative dati@n A lot of information on course of disease were geth
were found with total annual rainfall (-0.0475),asenal from the measles like outbreak areas. In respoosrdt
monsoon rainfall (-0.131) and annual average minimu reported cases (index case), a quick investigaoformed to

temperature (-0.003) (Table 1). confirm the clinical diagnosis and blood sampldezikd for
, serological study. By tracking index cases (23Gspas the
3.4. Results from Primary Data community a total of 174 measles like outbreak isastified

and clinically confirmed by case investigation aednmunity
searching with a prescribed outbreak investigafionmat
during the study period (year 2009-2011) withinshedy area.
From each outbreak site blood sample were colldoted the
clinically confirmed suspected measles like casesl a
serological study was conducted to identify the
Immunoglobulin M (IgM) for measles and Immunoglabul
M (IgM) for rubella. On the basis of laboratory cepmeasles
like outbreak were classified as;

a)Confirmed measles outbreak- at least 2 sample e®asl

This section deals with findings of 60 cluster stengsing
30 cluster survey technique in two study distriatsd all
reported infectious disease outbreak in the stuslyod. In
each cluster 7 household’s respondent were inclutibe
sample survey included a total of 420 householdsnes
demographic information and vaccination statugse$ than 5
years children were also recorded during house diasd
survey. The findings of the study have been asdess
quantitatively and qualitatively to find correlatidoetween
impact of climate change and outbreak of infectidisgases

among children. IgM positive;
b) Confirmed rubella outbreak- at least 2 sample tabel
3.5. In-depth I nvestigation of Reported Outbreak in the IgM positive;
Sudy Area ¢) Mixed measles rubella outbreak- at least one measié

_ ) ) . one rubella IgM positive; and

During in-depth investigation of reported outbreak  pjgcard outbreak- all sample negative for both resaand
prescribed line listing form was used and inteneewliseased | \haja. Laboratory report of Measles like outbreak
person about the course of disease and their littkakmatic jyestigation data revealed (Table-2) that out®f dutbreaks,
variables. Regarding climatic variables, most ofe thy7 ywere Jaboratory confirmed measles outbreak stingi of
respondent's mentioned that there is change inoseas 491 cases, 126 laboratory confirmed rubella outbrea
temperature, rainfall, humidity etc. Many of thependents consisting of 8042 cases, 25 mixed measles andilaube
specially said that the lengths of summer and windwe been  ihreak consisting of 191 cases and 12 discarded a

changed nowadays in comparison to the past. Averaggn measles non rubella outbreak consisting ofcts@.
temperature is felt to be increasing in both sumamer winter

months in the study area. The length of winter t&mad and
Table 2. Measles like Outbreak and Cases in the Sudy Area

v L ab confirmed Meades L ab confirmed Rubella Mixed measles & rubédla Discar ded outbreak
e No of OB No of case No of OB No of case No of OB No of case No of OB No of case
2009 0 0 55 5338 0 0 4 140
2010 0 0 55 2218 10 97 4 181
2011 11 491 16 586 15 94 4 135
Total 11 491 126 8042 25 191 12 456

NB: OB= Outbreak

A total of 491 laboratory positive measles case ewerthe outbreak was in the month of January, graduatiseased
identified during outbreak searching. The beginrspart of and peaked at April-May and declined thereafterco8d
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episode also found in October and November. There no
single incidence of measles case in the month pfeBaber
and December during the study period (Figure 7).

60
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N
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L

Mo of Measles cases

o

Jan Fcb Mar Apr May Jun Jul Aug Scp Oct Nov Dec

Months

Figure 7. Epidemic Curve of Measles Outbreak in the Sudy Area during the
study period (2009-2011)

Age distribution (Figure 8), and sex distributioRigure
1.9), revealed that measles disease affected @céisp of sex
and ages. The graph showed that 75.9% of the nsceates
under 15 years age group. 3.6%, 2.3%, 20.4%, 295%%
of the measles cases were <9 months, 9-11 monthyears,
5-9 years, 10-14 years age group respectively.dBesihis
there was 23% patient more than 20 years age.
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Figure 8. Age distribution of Measles cases in study area

Female, 238,
18% Male, 253,

52%

Figure 9. Sex Digtribution of Meades Casesin the Sudy Area

Post measles complication: A period of one montérahe
attack of measles was taken into account for reagrgost
measles complications. Parents reported one or pos¢
measles complications in 54 cases out of 491cBsasghoea

Impact of Climate Change on the Outbreak of Infest Diseases among Children in Bangladesh

(25%). There was no death due to measles like ealhn the
study area during the study period (2009-2011).

Figure 10 showed that there was an enormous lab
confirmed rubella outbreak and rubella case inytar 2009
consisting 5238 cases, in the year 2010 consi&2i@ cases
and in the year 2011 consisting 586 cases. On dh&ary
there was no lab confirm outbreak of measles during
2009-2010 but 491 cases lab confirmed measles eeses
diagnosed in 2011.

6000
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2000

1000 2218 536

491
2011

0 Vi
2009 2010

Figure 10. Comparison of Measles like Outbreak Cases by Lab result in the
study area

Incidences of infectious diseases in human not only
influenced by climatic factors but also depend airitional
status, immunization status, socio-economic andatehnal
status of the individuals, family and community.eT¢reatest
effects of climate change on transmission of infest
diseases are likely to be observed at the extremges of
temperatures at which transmission occur (Rangeselea
14-1€C and 35-48C) [9]. The present study has revealed
changes in the trend of climate factors particylgdarly and
seasonal mean, maximum and minimum temperature and
rainfall over the last three decades in the studia.aThe
long-term changes of temperature of study area ower
period (1964-2011) found to have in general indrepgends
in annual mean and annual mean minimum temperaiuire
the annual mean maximum temperature slightly diediim
recent past decade. Similar results were also wbddry [10]
[11]. The long-term changes in annual and seasair#hll in
study area showed slightly decreasing trend withkegly
reduced winter and post monsoon season rainfeddant past
decade supported by CCC, Bangladesh 2009 reporjtlaihd
The results of the study indicate that the climdtctors
including temperature and rainfall (seasonal anduab)
might have relation with air borne infectious diseautbreak
like measles among children in the study area. Stuey
disclosed that though measles vaccination covemaghe
study area was 94.17% in 9 months to under 15 yages
group nevertheless a good number of measles cases w
confirmed in the laboratory test. It might be eithhe
vaccination failure or factors of the individualsen® not
synergistic to the vaccine. Besides this there2@46 patients
of more than 20 years age. which was uncommon msles
epidemiology. It showed that there was a shift ge group
affected towards higher side. Similar observatimese also

was the commonest (74%) of all, followed by pneuimon reported by [12], [13] and [14]. In addition to thtory
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confirmed measles outbreak a large number of medikie
outbreak identified as laboratory confirm rubellatiyeak
which is newer in the study area that needs attenfor
assessing rubella and congenital rubella syndromeeln in
the study area as well as in the country. The ewde of
measles like disease was found to reflect postoweelation

(2]

(3]

with  maximum temperature (+0.967) and negatively

correlated with average minimum temperature (-0)02Q&d

total annual rainfalls (-0.475). That is outbredkneasles like
cases was found during the prevailing highest teatpee in

the month of March-May and declined after heavgfedi and

during winter months. Whereas the measles epidegmitibit

annual seasonality in which epidemics start inatliemn and
peak in the spring (Fine & Clarkson, 1982, Londad doke,

1973) in western country. This variation of seasdos

measles outbreak might be due to the locale clawatiiation

which confirms the positive influence of climatibanges on
infectious diseases. It has been found that droagtthigh
temperature favors the transmission of the virlig dhanging
trends of rainfall and temperature in the studypamay favor
the measles outbreak in coming days if approprisasures
could not be taken.

4. Recommendation

Data related to climatic variables and infectiousedse
report in the context of specific location of Baamipsh makes
the interpretation of the results of the study euiifficult. So
an extensive and in-depth study should be undertd&e
better understanding of the impacts of climate geaon the
outbreak of infectious diseases especially amoiidgren.
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