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Abstract

Risk Factors For Severe Diarrheal Disease in Matlab, Bangladesh:

A Medical Geographic Approach

— e Cw—— - . RS

- Mtchael Emch— - -

Diarrheal diseases cause one-third of the 15 million annual deaths in children under five years
old in the developing world. Because of resource constraints in developing countries like
Bangladesh it is necessary to identify risk factors so preventative health programs can focus on
specific interventions. Assessing risk for diarrheal disease requires knowledge of the complex
and dynamic interaction of biological, socio-economic, behavioral, and environmental factors
over time and space. . .
The objective of this study is to advance such knowledge in the context of rural Bangladesh.
Specifically, the study will identify the variables related to diarrheal disease risk and analyze
the relationship between these variables over time and space. Colwell et al. (1983) recently
found evidence of an aquatic reservoir for cholera which dramatically changes longstanding
conceptions of the ecology of cholera. I hypothesize that two types of watery diarrhea,
cholera and non-cholera, have markedly different spatio-temporal patterns and somewhat
different risk factors because the two etivlogical groups have different reservoirs.

The study will be conducted at the International Centre for Diarrhoeal Disease Research,
Bangladesh (ICDDR,B), where I was part of a team that created an extended-household
geographic information system (GIS) database in 1993.
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Intre
Diarrheal diseases cause one-third of the 15 million annual deaths in children under five

years old in the developing world (Snyder & Merson, 1982). Because of resource constraints in

————— = ————— - ———— o — - -—— - ———r—

“developing countries' like Bangladesh-it is necessary to identify risk’

programs can focus on specific interventions. Assessing risk for diarrheal disease requires

v

knowledge of the complex and dynamic interaction of biological, socio-economic, behaviorat,
and environmental factors over time and space. The objective of this study is to advance such
knowledge in EDe conteﬁt of rural Bangladesh. . Sp_ec‘iﬁcaliy, the study will identify the variables
related tc:diarrl;eél disease risk and analyze the‘relationship betwceﬁ Lﬁcse variables over time and

_Space.

L]

Humans were the only known reservoir of Vibrio cholerae until the mid-1980s when theories
of the ecology of cholera were substantially revised. During this time, Colwell et al. (1985) found

that vibrios can live freely in an aquatic environment even under conditions of nutrient deprivation if

"

the environment is not sodium-free. Before Colwell et al. diséovered this free-living, non-culturable
state; it- was maintained that cholera was only transmitted by ingestion of fecally contaminated food
or water. 1t is now understood that transmission can occur through water without fecal
-contamination, These ﬁndingﬁ dramatically change longstanding conceptions of the ecology of

cholera.

This study will differentiate between two types of diarrhea, cholera arid non-cholera.

13
>

Cholera is defined as watery diarrhea caused by the bacterium Vibrio cholerae. Non-
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cholera watery diarrhea is defined as watery diarrhea caused by microorganisms other than
Vibrio cholerae. Ideally, this study would distinguish between all of the non-cholera

diarrheal agents, however, the microbiological tests associated with obtaining this

_—— — — — - B o
- RN v -
-

~information would bé 'Ei’(?rﬁitantl; ex‘ﬁc‘"mwe“ Giiveri. contraints -o‘f.iiiné“‘aﬁ;! 'umu'heyr nop-———" "~
cholera watery diarrhea is a logical and l:meful grouping because none of the organisms in
this group have an environmental reservoir while the organisms in the cholera group
presumably do.

This study has two distinct parts The first part of the study will analyze the

* . differences between the spatio-temporal patterns of cholera and non-cholera watery

diarrhea. | believe that théy will be different because an environmental reservoir has been
identified for cholera and one has not been identified for non-cholera watery diarrhea. The

spatio-temporal patterns of these two disease types have not been thoroughly described and

*

they have not been differentiated. Differentiating between the spatio-temporal patterns of
the diseases will provide supporting evidence concerning the existence and-importahce of

the cholera reservoir as welt as give us some insight into spatio-temporal forecasting of both

e

diseases. Proving or disproving the existence and importance of this environmental
I

reservoir is impossible without extensive and expensive environmental microbiological

testing, however, this study is a descriplive first step to understanding this reservoir.

*

" This would require a prospective study (possibly cc;rmnunity-based) which would take
several years. : '

r



The second part of this study will differentiate between risk factors of cholera and
non-cholera diarrhea. 1 believe that different environmental reservoirs, and thus different

spatio-temporal patterns, will be accompanied by different risk factors.! There will he

e — e m— e e — R

dlfferences in the nsk factors because the ecdlogy of the dlsease*;2 cx1st wnLhm a dynamic

spatio-temporal framework. That is, when the spatio-temporal pattems; are differeﬁt then
exposure to the diseases will be different. If all important variables that cause® a disease
‘were spatio—temborélly homogenedus then these spatio-temporal patterns Qould not ;ffect
 the risk factors;_howevef,,in the ;'eal world these variables are not spatio-temporally
! homogéneous. ldehtifying specific riAsk factors will allow ‘health programs to focus on
intewenﬁons that have the greatest impact. Risk factors of the two disgase types will be
calculated so that the relative importance of risk (for several independent variables} for the

R}
two disease categories can be compared.

** The medical geographic theory of disease ecology is discussed in section I of this proposal.

* The cause of a disease is not a simple concept. * The doctrine of specific etiology cannot
provide a complete account of the causation of disease.” Microbiological evidence of a disease is an
essential part of understanding a disease but is only the first step to explaining the disease process.
Some call the specific etiological agent the direct cause and factors affecting the outcome of disease
indirect determinants. We can thus refer to a causal pathway in which more distant indirect -
determinants lead to the direct determinants of disease. It is within the realm of the biological
sciences to describe properties of the direct determinants but studying the indirect determinants
requires an mterdnscnphnary effort (Dubos, 1965). Statistical association does not always mean that
a variable isin the causal pathway, there could be a spurious association. The only way one can jump

from association to the causal pathway is through logic; that is, the assoctation must make theoretical
sense.



This study is within the medical geographic theoretical approach called disease

ecology? and will use a methodological approach called ecological assoctation analysis
: S
which uses quantitative methods to model spatial and temporal disease variation. This

- ———— i e e C—— —

_approach facilitates understanding diséase caiisation in a's“pa'ti'(')—‘t"é‘inpofﬁ‘li‘ ffaﬁlewor_k;'no =
such.study has previously been conducted on watery diarrhea. Understanding the
complexities of risk for watery diarrhea is important for ameliorating this significant health
problem in Bangladesh-, as well as in other developing countries throughout the world.

. Thisdﬁrgsearct} will provide essential information about the disease ecology of severe
* watery diarrheal disease. Specifically, it Iw'ill (l)_ offer corroborating evidence concerning
the existence and importance of an en\_rironnrlental reservoir for cholera by differen_tiating
between spatio-temporal patterns of cholera and non-cholera 'watery diarrhea; (2) identify
andv compare risk factors for cholera and non—cholqra watf.ery dianhez;; ﬁnd (3) extend the
use of geographic information system (GIS) as a tool in disease modeling.

The study will be conducted at the International Ce13tre for Diarrhoeal Disease
Research; Bangiadesh (ICDDR,B), where l‘was part of a team that creaied'an extended-
household GIS database in 1993, l;dedical geog_l;?phy studies have historically used
a.ggregate.data sources because indi\.ridual data aré seldoﬁ available and extremely
?xpens'ive to collect. The ICDDR,B was chosen as a research institution because of its

- unique watery diarrhea data coltection system which makes a micro-level study possible.




__ 'medical geography. In this section, | begm with af overview of various phnlosophles of

1L_Theoretical Framework
In order to advance philosophical and theoretical implications of this study it is

important to situate the study within the field of geogrophy and within the sub-field of

—

1

geography and identify the philosophies which guide this study. This is followed by a more
focused discussion of the sub-field of medical geography and disease ecology which more
narrowly characterize this study. Next, I oescribe the methodological approach of ecological

association analysis which utilizes the theory of disease ecology. Finally, 1 d1scuss past disease
"* E L e .

ecology and ecolog.,lcal assomanon analysns studies which have mformed this study
| Philosophies of Geography
The field of geography is complex and multi-faceted. Different geographers have
divided philosophies of geography in different ways. Pattison (1963) created four divisions
including: |

1) Spatial - concerned with distance, form, direction, position, and spatial relationships.
2) Area studies - concerned with characteristics of places and their differentiation.
3) Man-land - concerned with effects of land (nature) on man and man on land.

4) Emlh_sgmmc_m_nhxsmal concerned only with the physical environment; hard

science approach.
Taaffe (1974) as well as Morrill (1970) dmded geographlc thought into three categones

1§ Sggnal concerned with spatlal relatlons}ups -
2) Regional - concemed with characteristics of places and their differentiation.
3) Man-land - concerned with effects of land (nature) on man and man on land.

-

- kS .
During the first half of this century the regional/area studies approach was the dominant



- -geography is characterized as an idiograpliic sCience; ™

tradition in geography. Hartshorne (1939, 1959) argued that geographers should primarily be
involved in region construction of the earth's surface; he called this areal differentiation.

Recause Hartshorne's objective was primarily concerned with description, his type of

b —— R e L

Hartshorne's areal differentiation approach has come into question by many
geographers. Schaefer {1953) suggested that the déscriptive nature of Hartshorne's ar—ea
studies school did not do justice to explaining distributions of phenomena on,the earth's
surface.. In contrast, Schaefer believed that spatial relationships were most important and that
causal interactions should be determined through. qulantitatmi\)e studies. Harvey (1969) also

advocated the use of quantitative methods in geography, as well as the creation of a

¥ :
nomothetic discipline. ' The school of spatial organization, which also includes the work of

g

Garrison, Berry, Bunge, and Haggett, became dominant in the 1950s and 19605 during the
quantitative revolution of geography.

The man-land (now called human-environment) tradition has evolved substantially

during this century, Early proponents of this tradition highlighted their beliefs about the effects

it

of the physical environment on humans. This sometimes extreme and discriminatory approach

¥

has been called environmental determinism (Semple, 1911; Brigham, 1915; Davis, 1915;

Huntington, 1924). In 1923 Barrows introduced a less extreme geographic human-

¥

environment tradition at the University of Chicago called human ecology. The reference to
e

ecology is derived from the biological sciences and refers to the existence of a human

i -

ecosystem. According to Haggett (1977) Barrows' human ecology used a social science

* -
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perspective to study relationships of human society and its physical environment. Since the
early days of the human-environment tradition several other ecological traditions have

emerged. Cultural ecology, firmly established by Sauer (1 923), focuses on cultural
et _
~manifestations of the human landscape; Political €cology; although not a unified-approach. ...

o .

which can be easily defined, is a holistic approach to understanding human-environment
relations (Blaikie, 1994). Campbelt and Olson (1991) developed a political ecology model for
studies of human-environment relations called the Kite. This heuristic model purports that one

» ¥

must understand political, economic, environmental, socio-cultural variables at different spatial

LI
3

- scales to fully understand the rela'tionship'b'i;:th‘ween society and the environment. As I will argue
_later in this discussion, the sub-discipline'of n;edical geography has developed a paralle! theory
to some of these human-environment theories in the sub;disciplinary tradition of disease
ecology.
_ " - As Pattison (1963) an-d‘Taaffe (1974) as well as most writers on the philosophy of
' geographic thought have m'en_tioned in their articles, the aforementione‘(‘i traditions are not
mutually exclusive. This study is situated within two gf the traditions of geography, the
human-eﬁvironment and the spatial traditions. The st;de is spatial because it is interested in
the distn;bution of a phenomenon (disease) in__space and time.{-And it is ecological in that it is
based on the theory of disease ecology, a holistic approach to understanding disease in the

context of human-environment interaction. v

- - Medical Geography/Disease Ecology

. Analyzing risk of contracting watery diarrheal disease in Bangladesh requires a
L 7
. ! » '



, conceptual framework that addresses the complexities of biological, socio-economic,
behavioral, and environmental factors over time and space. A medical geographic

theoretical approach that addresses these issues is disease ecology, which maintains that

-

—— e = —_— = o
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— - disease is a dynamjccomplex of'Q;}}abié;ihEt%ib:iﬁci&é‘ in ti;iil_e:;iﬁd"s};aéél(May,-‘-: 1958,
1977: Mayer, 1982, 1984; Mayer & Meade, 1994; Meade, 1977; Meade et al., 1988;
. Learmonth, 1985; Paul, 1985; Pyle, 1977, 1979). Hunter (1974) argued that we must not
have a pathogencentric view of disease by focusi_ng only on the di'seas.e z,lgent. "On the

contrary, he suggested that our studies of _gisease "must cojointly iri'\/ol;/c pathogen, host,

t and environment” (p. 1). He defined environment broadly as "its diverse physical,

biological, social, cultural, and economic components” (p. 3). Hunter defined geography
as a discipline that bridges the social and environmental sciences and said that "its

integration and coherence derive from systems-related analysis of man-environmental

r

- interactions through time and over space” (p. 3).

My outlook of me(}_lical geography parallels Hunter’s in that I believe that the

~ « medical geographic approach should be holistic; that is, ! believe that I should study the

integration of many different types of variables which result in the coincidence of agent and

host in time and space. While the types of variables to be investigated have been classified

> +

in many different ways, I find Mayer’s (1986) classification system the most usefui. He

differentiated between biological, socio-economic, behavioral, and environmental variables.



Biclogical variables are those that describe biological characteristics of the host. Sometimes
geographers are o}lly interested in these biological variables because they must control for

*
them to isolate the effects of variables in which they are most interested. Different patterns

[ e . R
— — -
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of socio-economic; behavnoral‘ and envuonmental varlables result in dlfferem rates at which’

— —— e — 1 e i et ke R

agent and host come into contact with one another, and therefore different spatto-temporal
patterns of disease. Virtually every disease exhibits spatial and temporal variation and
medical geographers attempt to explain this variation. ‘Behavioral variables are those that

describe individual or group behaviors and may be related to culture or individual decision -..

making. Environmental variables are those of the physical environment. Socio-economic

variables are variables that indirectly affect the coincidence of agent and host such as wealth

-

or class.*
The theory of disease ecology is related to both the human-environment and spatial
: e ) ‘

' traditions of geography. This theory is a bit more specialized than the previously

mentioned human-environment theories in geography because the variable of study in

“a

disease ecology is always disease. However, human-environment® interaction can
<&

essentially be viewed as the cause of disease. The spatial tradition of disease ecology is

* Vanables may be thought of as directly or indirectly spatial. The directly spatial variables
. are those that are related to the physu:al world and do not change locations unless the physical
environment changes. Indirectly spatial variables are those that are associated with human activity.
. Behavioral and socio-economic variables may be thought of -as indirectly spatial (Personal
communication with Bruce Pigozzi, 1995). :

L]

. *Environment as defined broadly by Hunter (1974).
\ a



evident in that most definitions and studies are interested in the spatial distribution of

disease.
Ecological Association Analysis
e - A methodological Approach which atlizes the theory of discase Geology called— ——— ——~ -
ecological association analysis, holds t_hat guantitative studies which us@iate
environmental, physical, and cultural variables can explain the spatial and temporal
wvariation of disease occﬁrrence (McGlashan, 1967, Mayer, 1986). The fundamental

T.gu}astion asked using this approach is, what fac_torshare associated with the spatio-temporal
variation of disease? Mayer states tli;ii “the term ecological association implies theh |
existence of specific links between the environment and both indi_viduals and groups” and
that "in the context of medical geography, the fécys is on those relationships which are
consequential in disea:;é [;athogenesis" (p. 66). He also states tha-t "in ecological analysis,
the emphasis is therefore on the complex set of interaétions Petween people and their
environment” (p. 66).

The method of ecological association is an approach that must be used within a
gogical framework and is best used witlﬁn a theoretical approach such as disease Iecology.
Mayer addrésses one of the main ch:;llenge_s of ecoldgical association analysis.

One of the most vexing problems in ecological analysis is that‘of'
moving from statistical association to causal relationships. It is one -

thing to identify cultural, environmental, or social factors which are
associated statistically with disease occurrence. This may be

10
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accomplished in the absence of a theoretical framework, or a logical
association, between the disease and the environment. Correlation -

hetween the disease, and a host of related independent variables,

may be so spurious as to defy the formation of meamngful causal

hypotheses. For example, there is a very strong correlation hetween

multiple sclerosis prcvalence and_annual per.capita s steel .. - - ——

consumgtion; at the national level— The relationship may be™—

tenuously meaningful, in that steel consumption may be a surrogate

for concepts such as economic development, or the correlation may

be meaningless, since it may be coincidental that multiple sclerosis

and steel consumption show the same pattern of variation. (p. 66)
When medical geographers use ecological association they must distinguish hetween
causally meaningful relationships and spurious correlations. Several researchers (e.g.,
King, 1979; Mayer, 1982) have also identified the ecological fallacy as a serious problem in
many aggregate-level ecological association studies. The ecological fallacy states that

conclusions made at the aggregate level (i.e. county, state, national levels) are not always

true at the individual level. For exémple, if an association is found between cancer and

A
A}

smoking when grouped by county, ope'ca_nn'ot be sure that the association exists at the
individual level. That is not to say that finding an association is not important information,
| but that further investigations must be conducted. Mayer (1982) suggested that to alleviate
the problem of the ecological'fallacy,' individual-level case-control® studies’ should be
conducted. To date; very few medical géography studies have been done at the individual

level because these data are expensive to collect and thus are seldom available. -

¢ Discussed in section VI of this pr(;posal. “

11
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Related Disease Ecology and Ecological Association Analysis Studies

Past disease ecology and ecological association analysis studies have ranged from
* 1

+ speculative studies to multi-variate explanatory studies. Jacqueé May (1958) wrote several

* “voluminious descriptive studies of. the ecology of many m?;c?mﬁ'asea_f's?c_s';l':?:lﬁdmg E—
brucellosis, poliomyelitis, tuberculosis, and leprosy. These studies are recognized és the
formal beginning of the disease ecology tradition but have been criticized as being

~ atheoretical and o'verlyv i'diographic. Burkitt (1962) deécribed the existence of a "lymphoma

belt" straddling the __equatbr where a childhood cancer occur:red (later named Burkitt’s
Lymphoma). He found that this cancer only occurred in sbec_iﬁi: ecological niches.
Roundy (1976) identified associations between disease and altitude in Ethiopia. Hunter
(1992) described hyperendemic lymphatic filariasis areas in north east Ghana that were
associated with rice irrigation projects. Kloos (1985) found tha.t schistosomiasis in the
Awash valley in Ethiopia was associated with migrant labor. Hunter (1982) brought
attention to associations between irrigation projects and infectious disease throughout the
tropical world and called for health pplicy consid.erations. when developme?t projects are
implemented.

Much of the disease ei:olog); literature ha.s' been (ievoted to infectious diseases

especially in the developing world. Recently, however, the approach has been used for

chrontc and environmental diseases in the developed world. Hunter (1976, 197’?) described

-y
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a seasonal cycle for childhood lead poisoning and identified geographic concentrations of
the disease in older residential areas along traffic arteries in the United States. Meade

(1980) studied cardiovascular mortality in the southeastern United States, and Glick (1979,

pum———— —_— - e <5t e
[P e e A ———— g o

'1980) analysed the spatial characteristics of cancér mortality”ifr PénSylvania sing a GIS~

Since the inception of the disease ecology and ecological association approaches,
greater attention has been paid to tempofal patterns, statial scale, and statistical methods.
Temporal changes in biological, socio-economic, behavioral, and environmental variables
affect how agents and hosts come into contact with one anéther; thus studies should always
have a temporal d-imension. Discasc; associations at one s‘patia] scale may not be present at
other_épatial scales; therefore, multi-scale studies mshould be conducted whenever pﬁssible.
The use of GIS makes spatial analysis meﬁods more efficient. Also, the interface between
GIS.and statistical methods has recently begun £0 be explored. I think it is imbortant to
note that GIS and statistics are useful tools that can .be employed to conduct disease ecolog.yag._.,;
and ecological association studies’. The technology of GIS is only useful Wwithin some
theoretical and methodological framework. It provides researchers with an accurate spatial
fnodelling environment in wh_ich to conduct research. Scholten and de Lepper (1991) have
reviewed the benefits of the diverse applications of GIS in health. A few of the studies in

the above literature review have utilized a GIS to analyze their data and many have used

1

- statistics.

13 _ ‘



w iew of Related Diartheal Di Studi

-

Diarrheal disease can be caused by many etiological agents. For practical purposes

diarrhea can be classified into two manifestational categories, dysentery and watery diarrhca

L o -

—_——

(Benenson 1990; ICDDR B,-1993). -This study will focus on. watery d:an'hea thus the"'""" ) '

.M

— ——

agents that cause dysentery will not be considered’. Two studies were conducted in

Matlab, Bangladesh to examine the relative importance of various enteropathogens in
“diarrheal disease (Table 1) (Baqui et al.; 1992; Black et al., 1980). The non-cholera, non-

dysentery organisms are all wate;'y diarrheal agenis. Cholera is qaused by the colonization of

the small int’_.éstiné with Vibn'c; ;:holerae O1. During the Spring of 1993, Vibrio _choleraé 0] -
was replaced by another strain, Vibrio cholerée 0139. The clinical manifestations of the two

agents are identical, however, little is knowq about the newer strain (Siddiéue et al., 1994).

In rural Bangladesh; cholera Uansmissipn can be divided into primary and secondary

types. (Colwell & Spira, 199‘;.; Craig, 1988). Pﬁma;'y cases are infected by surface water

sources. An example of this is when a person drinks untreated pond water or eats o
undercooked shellfish and is directly infei'sted with the bacteria. Secondary cases are

infected by primary cases through fecal-oral U@smissipn, usually by contaminated drinkilng_

water. An example of this is when a family member is infected by a sick member of their

.

family when the sick person puts his/her hands in the family's drinking water pot; cholera =~ **

"

"
+

" The dysenteric agents that are present in Matlab mclude Shlgella Campylobacter jejuni,

Entamoeba histolytica, enteropathogenic Eschetichia Coli (EPEC), and enteroadhesive Escherichia o
Coli (EAEC). | | ‘ )
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requires a large innoculum so this is thought to be somewhat rare. Another example of

secondary transmission is when a mother is infected by the feces of her baby. Primary

transmission is controlied by factors such as temperature, salinity, nutrient concentrations,

¥ el F

_the number of available attai:hment-‘sit_ei(plagli{ﬁﬁ)?fsdeifood*conm_r_ﬁﬁam,— and contact with

water {Colwell & Spira, 1992)..

fooom o

Table 1: Percent of Diarrheal Episodes Associated with Etiological Agents in Matlab

Pathogen Black et al. 1981 Black et al 1981 Baqui et al 1990 Baqui et aL 1991
Co_mmunity-bnsgd ‘ Hospital-based Communlt_!r-hased .| Hospital-based

Vibrio cholerae 01 | 0.3 R T Y S 39

Vibrio cholerae =+ | LT ot . ; 7. L . 29 . 3

von 01

Shigella 128 . S 155 . 86 -

ETEC 26.9 ég i2.2 14
C'amp_vlpbacter N - CT 17.6 - 11

Salmonella - pro 4wl 0T e feh e T .

EAEC - - 343 . -

EPEC - e R XY .

Aeromonas - - \ A 2., HE I .

Pleismopas - . - N -

Rotavirus i RR.0 T 24 ’ 43" 7 ‘ -

Entaemocha 2 A H 4 1 4 . 2

histolytica .

Glardialamblia ., | 5.2 - -* 2 P 2210 40 2
Cryptosporidium - - 1.9 -

No pathoge; o 495 " - 421 B : -
(- not _tested) (Derive_d. frqrn Bagqiftj .al.,u_l _‘9)?‘4) L ity -

In rural Banglildesh cholera transmission is seasonal, with a peak after the monsoon 3
- ’ ;
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ranging from September to December (Baqui et al., 1994). There is another seasonal
epidemic in Matlab with a peak in April or May. Colwell and Spira (1992) suggested that

the post-monsoon season is associated with a heavy bloom of zooplankton, maximum

recreational water-contact; and maximum availhbl"e*crﬁ'stﬁf:ﬁjiﬁfihé marketplace — They —

postulated that the presence of a permanent environmental reservoir of Vibrio cholerae in
the brackish ponds and canals of rural Bangladesh allows for the marked seasonal variation

in cholera transmission, ' “

Many studies have identified risk factors for cholera in rural Bangladesh and they

1
P R |

can be roughly divi’ded into the four tybeshof ecological association variable classes,
bif)logicai, behavioral; environmental and sociOTéconomic. However, some of the ris1k‘
factors are a combination of two or more of these variable classes. Although not
exhaustive, &lese studies represent the i:nost impdr;ént ﬁndipgs related to cholera risk and
their principal invesﬁgators come from many different disciplin;uy bar.:kgrounds.

Three studies have ildentiﬁed biological risk factors Glass et al. (1985) found that
ilndividuals_ with type O blo(xl- are predisposed to cholera. Breast-feeding protects infants
against éholera but this might be rela@ to contamination of water during bottie-feeding, a
behavioral variable (Glass & Black, 1992). Glass and Black (1992) réported ;hat children
aged 2 to 15 are at greatest risk of co;tracting cholera.‘_' Ageisa tyiological- variable but the

reason for this finding is certainly very complex involving many types of variables

»

16



including behavioral.
Several behavioral variables have also been identified. In Bangladesh, women of

~child-bearing age have high cholera incidence raies presumably because of ificreased.~ — =~ =~ —

person-to-person contact (Glass & Black; 1992). This is an example of a bgha-vioral
variable that is intertwined with culture. Glass et al. (1982) found that villéges with daily
bazaars have higher cholera rates. This is an example of an aggregate hehavioral measure.
Envir;mrne_nfal var_i:_;hlcs have been identified in fopr studies. Sommer and
Woodward (1&72) found that people who lived close to tubewells had a much lowr;r
incidence rate than those who lived further away because tiley had access to cleaﬁ water.
VKhan et al. (1981) found that cholera attack rates were higher for families with access to
canal water as opposed to river water or tank water. In Matlab, Bangladesh, cholera is
more common in villages that are not adjacent to the main river (Glass et al., 1982). ‘
Hughes et al. (1982) found that rural Bangladeshi families who used contaminated surface
water for cooking and bathing were more likely to get cholera than those who did not.
Glass et al. (1982) found that predominantly Hindu villages have higher choler:;

rates. It is unclear whether this is because of socio-economic or cultural reasons or both.

Other studies have been conducted that identify risk factors for specific non-cholera agents

L " .

or non-specified diarrhea. Becker et al. (1986) found that children in poorer households °

“had a higher proportion of days with undifferentiated diarrhea and rotavirus than more. B

¥
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_associations with other variables.

affluent households. Chen et al. (1981) and Bairagi (1987) found that undernutrition is not
a predictor of diarrheal incidence.

- There are_sevedil sighificant paps in;the;literature-on  watery, diarrheal-discase-—No-—

studies have used a disease ecology approach and few studies have identified indirect socio-
economic determinants of diarrheal disease. While many studies have used simple n'on—

parametric statistical methods, few have identified the multi-variate relatibpships between

“the difft_arent types of variables. Also, no studies have differentiated between cholera and

non-cholera diarrheal disease risk. Craig (1988) l(z'oked at spatio-t:emporal clustering of

cholera, but there have been no studies looking at spatio-temporal patterns and their.

_Several studies support a hyp(_)thesi:; that the temporal and spatial patterns of cholera
and non-cholera watery diarrhea will be differen@ from one another. Little seasonal
variation is found in non-ﬁholera watery diarrhea while a signfﬁcant seasonality occurs in
cholera (Baqui et al., 1994). Black et al. (1981) found that‘incidence of rotavirus is
relatively constant except for a small pez;k in December, and that enterotoxogenic
Escherichia coli occ.urs more frequently in the hot mOchS.s An environmental'rc_sewoif is
not known to exist for non-cholera organisms; - humans and animalg_aré the only: TEServoirs

for these orgapisms' (Benenson, 1990; Warren & Mahmood, 1993).

Vi

* Rotavirus and Escherichia coli are non-cholera watery diarrheal agents.
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The dichotomy between cholera and non-cholera diarrhea was chosen because it has
been reported that cholera has an environmental reservoir and there is no evidence of one

for any of the orgam'sms in the non-cholera diarrhea group. Accurate descriptions of the _

— -
- - =

¢ o wm———

————— ——

micro-scale spatio-temporal patteriis of the two disease categories have never been .

copmpleted; the exiétin:g GIS database will now make this task manageable. Although this
study will not accurately ident.if; the location of the cholera reservoir it can offer
_Fonohorating evidence of its existence and importance by describing the spatio-temporal
patterns of the diéease: If the cholera reservoir is important then the'spatié—temporal
patterns 'of cholera and non-cholera watery diarrhea will be véry different. The pattern of
severe cholera watery ﬂiarrhea should generally correspond to the environmental reservoir,
Fspecially at the beginning of the season,

Since it is hypoth_ésized that these two disease categories have different spatio-
temporal pattems it is ‘thought that théir ri§k factors Will be different. The risk factors will
be different because the ecology of diseases exist within a dynami; spatio-temporal
framework and if the 'spalio-teyﬁi)oral patterns are different then exposure t.o the diseases
will be dit;ferenl. If funding or time were not a consideration the s.tudy would distinguish
between all of the non-cholera diarrheal agents, however, the microbiological tests
agsociafe-d with ol_ataining this informatio:; would be extremely expensive and time-

consuming. . : -
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Rangladesh suffers markedly from endemic diarrheal disease. The people of

Bangladesh suffer not only directly when they contract the disease, but also indirectly by

suffering economic-hardship because of lost productivify, and-medical expenses:-The___ i

research site for the [CDDR,B and for this project (called Matlab because the Centre’s

hospital is located in Matlab Town) is in south-central Bangladesh approximately 50 km
.south-east of Dhaka. It is adjacent to where the Padma River meets the Meghna River
forming the Lower Meghna River. Figure 1 shows the study location within Bangladesh,
the location. of two minor rivers in the study area (Gumti and Dhonagoda), and ﬁe location
(-)f one major river (the Lower Meghna, which empties into the bay of Bengal approximately
100 km south of the study area). Figure 2 shows the location of Matlab relative to major
rivers and cities (the river rﬁmling next to Matlab Town is the Dhonagoda).
The ICDDR,B has operated this field research area since 1963 and has a present
study population of approximately 200,000.%> There are 142 villages in the study area, 128
of which are predominantly_ Muslim and 14 of which are predominantly Hindu. lThe study
area is almost entirely rural and most people’s. occupations are in ag;‘iculture or fisheries.

Increasing population in the past 100 years in combination with the tenure system have led |

* The study population includes people from villages for which the ICDDR,B maintains data

collection procedures. The study area and therefore the number of people in the study population
has changed several times since 1963. ' '
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to a major problem of landlessness in Matlab. Because of these shortages the land 1s used
almost exclusively for agricultural purposes and trees only exist around raised household

areas. The monsoon climate of the study area is characterized by high temperatures, heavy

———
e ———

S ——— e

rainfall, and marked seasonal variation (Bashid,“1991:}.r’_,° - - - -

i ...

-

il e

"The Matlab study area has a major environmental division. During the mid-1980s,
as part of the Bangladesh Flood Action Plan, a flood-control embankment was built (calied
the Meghna-Dhonagoda Irrigation Project by the Government of Ea_ngladcsh). The
embankment is a compartmentalization scheme that regulates thé amount of water that .*
enters the embanked area. During the monsoon season flooding is regulated inside the
embankment. There are three growing seasons for rice inside the embankment and only -.
two outside the embankment where flooding is unregulated. Figu;e 2 shows the location of
the embankment relative to several rivers and Matlab Town. The Matlab study area is in the

highly fertile Meghna Flood Plain and because of its proximity to the confluence of the

Padma and Meghna Rivers the southern part of the study area was traditionally subject to

’ - . . .
f ' The following average monthly rainfall and temperature data were collected at a weather

station near Matlab.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
‘Rain 66 274 498 1930 2860 5220 52.73 4161 29.13 2375 488 .69
MaxT 26.1 295 336 338 336 322 314 319 312 318 299 269
MinT 10.7 148 179 222 232 238 251 247- 242 '229 182 118
(Data are from a weather station in Comilla. Rainfall data in centimeters, collected from 1947-77.

MaxT and MinT are the maximum and minimum monthly temperature averages in degrees Celsius, -

collected from 1971-81),
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massive erosion. During the 1988 flood several square kilometers of land were lost into the
Meghna River. The embankment was built in an attempt to contain the floods to decrease

erosion and increase the number of rice growing seasons from two to three.

T mr———— -
——

Rice dominates agriculture in the Meghga_FIoo@plain._ Rice crops are mainly: locat

- p— e

.varieties -inc.ludin'é"m, aus, and bo}'l() but high-yielding varieties are increasingly used
inside the embankment. Other crops include, potatoes, jute (although its production has
declined in the past 15 years), mustard, onions, garlic, and chilies. Sugarcane and various
vegetables and fruits are grown in small amounts. The other main occupgtibn in Maﬂab is
river fishing. Much of the fishing in Matlab is done from r.iver'banks' with ;mall nets for
subsistence. i’eople also ﬁ;h- from small boats using nets and they sell their catch in the
small Matlab market or at the major fishing center of Chandpur ten km south of the study
area (Rashid, 1991). The only other notable economic venture is livestock rearing. Almost
every household 1 have been to m Matlab has a couple of underfed, uncaged chickens

- wandering about and occasionally has a cow or goat. I have nevef seen any‘larger scale

livestock operations in the area but I do not have data to verify this.

While at ICDDR,B in 1993 I was part of a team that created a vector GIS database

?

of this field research area. Features in digital format include extended household units

called baris, rivers, roads, schools, religious structures, village boundaries, the flood-



contro! embankment, and health facilities. Figure 3 shows three features in the GIS
database including the flood-regulating embankment, the Dhonogoda River, and baris. The
area northwest of the embankment is the flood-regulated area and the area southeast of the

e — ———

embankment is the unregulated area. Baris are patrilineally-related clusters of -households ~

- ——

that are raised above the surrounding land area that is used fdr‘agriculture. The baris are
all identified by an iICDDR,B démographic surveillance system (DSS) census number
within the stmcture of the GIS database. This allows me to link attribute data, including
disease incidence data, to specific locations. - ’

~ The Matlab field research center is a diarrhea treatment center (lsTC) which has in-
and out—‘patient services, a laboratory for the idenﬁﬁcaﬁon of pathogens, and research
_ facilities. The Matlab DTC treats about 7,000 to 8,000 diarrhea cases per year and to date
more than 230,000 flianhea patients have been treated by the Centre. There are motoriz@
boats which function as a free ambulan.ce service for diarrhea patients so access to the
hospital is remarkably good. Also, all DTC servicés are free. The éséarch center
maintains a community-based data collection system. One-hundred and twenty community
heatth wofkers (CHWSs) visit each household every two weeks to collect demographic,
morbidity, and other data. The DSS conducts periodic censuses (most recently in 1993) and

uses CHWs to updaté demographic data (births, deaths, and migrations). The DTC

laboratory consists of microbiology, clinical pathology, and bio-chemistry units which
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provide diagnostic services to the hospital and for field research activities.
V. Specific R b Questi
This research project will measure whether there are differences between spatio- -

temporal patterns

e

.will a;idress the following qt?gﬁtions: (1) What are the spatio-temporal patterns of these two
disease categories?, (2) What are ﬁe similarities and differences between the spatio-
temporal patterns of the two diseases? (3) What are the biological, socio-economic,
behavioral, and environmental variables (risk factors) involved in the disease ecology of
cholera?, (4) What are the ri,ik factors involved in the disease ecolog:v of non-cholera ~
watery, diarrhea?, and (5) To what degree are the ris_k‘factors for these two diseases similar

and different?
VL Data Sources
I.will ‘employ a number of data collection methods in this study. | These include:

| (1) collecting diarrheal disease data (dependent variables) from Diarrhea Treatment Center
records; (2) collecting data for variables 1 hypothesize to be related to diarrheal disease by
admmistering a questionnaire to di;n'heal disease cases and controls; (3) obtaining
demographic data from ICDDR,B Demographic Surveillance System records and
community health worker rec_ord books; and (4) creaﬁng data for spatially constructed

variables using the aforementioned GIS database. These four data sour'ces are each

27

and risk factors of cholera and non-cholera watery diarrhea-in Matlab. 1t~ ~ =z



discussed in further detail betow.
(1) Diarrheal disease data will be collected for people from the Matlab treatment
area who were hospitalized at the DTC with watery diarrhea from 1992 to 1994, The cases

will be assigned to one of three diarrheal disease categories which will be used as dependent

- —

e ——

variables in the analysis stage of the reséarch: (A) Vibrio cholerae O1, (B) Vibrio cholerae

13

" 0139, and (C) non-cholera watery diarrhea. . For each patient admitted to the Matlab

diarrhea treaument center from the study area, a stool sample is collected and routinely
tested for Vibrio cholerae and Shigella, a dysenteric agent. If the agent is Vibrio cholerae

then the strain (O1 or O139) is determined. In this s‘t.iidy,x'lab(:')rato_ry records of the patients

will be used to assign one of the three above agent categories. Hospital records specify

whether, or not there was blood in each patient’s stool. Patients who tested positive for
Shigella or who had blood in their stool will be excluded because this study is not .

concerned with dysentery. The cases that did not have dysentery or cholera will be

"k

ass—igned to the nun-cholcra;watery diarrhea category. There are approximately 4000

patients admineg annually to the Diarrhea Treatment Center from the Matlab study area.

-

=

"Appﬁ)ximately 70 percent of these patients have watery diarrhea. Thus, in the three year

study period there are approximately 8400 cases of watery diarrhea. AH of these cases will

be determined for mapping purposes but independent variable data will be collected for a

i
random sample of these cases.

i
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One community-based control will be chosen for each case. After the cases are
defined, a list of potential controls will be compiled from DSS records. A person is eligible
to be a control if he/she lives in the Matlab surveillance area, was not admitted to the DTC

during the study perlod and d1d not dle of a dnarrheal disease during the study permd Ha
L P

C e ey —_— =

potent:al control “died durmg the study penod the cause of death will be determined from

E

DSS records and if one of the causes was a diarrheal disease then this individual will be
excluded from the control group. The number of cases and controls will be detc'rmined by
budgetary considerations. While 1 hope to collept data for 500-i()00 cases and 500-1000
controls, 1 will collect a minimum qf 186 cases and 386 controls. (See Appendix | f()r- -
minimum sample size calculation),

Information will be collected on the following independent variables hypothesized to
be relatqd to watery diarrhea. This information will be collected by administering
questionnaires, obtaining secondary data from DSS records and community health worker
record books, and creating data for spatially constructed variit;)les using the GIS database. .
These data will be collected for both cases and contois. Interval-ratio level data will be
collected whenever possible, however, some of these variables are inherently nominal or
ordinal. (See Appendix 2 for individual discussion of variables).

1) People per dwelling area (overcrowding measure). Group-level Behavioral Variable and/or
Socioeconomic Variable, collected from CHW books.

2) Bari-specific population density (overcrowdmg measure). Group-level Behavioral Variable
and/or Socioeconomic Variable, constructed using GIS and DSS data.
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3) Tubewells/person/ area around baris. Environmental Variable, constructed using GIS and

CHW special study data.

4) Distance from river. Environmental Variabte, constructed using GIS.

5) Source of water used for cooking, drinking, and bathing. Behavioral Variable, collected

from questionnaire.

6) Flood control (embanked or not embanked area). Environmental Variable, constructed using

GIS.

7) Breast feeding status f'or chlldren under five. B:oIOglca] or.Behavioral-Variable; collected - —
from CHW books: . —~ = ~ N
8) Measles vaccine status for children under five. Blologlcal Variable, collected from CHW
books.

9) Housing construction material type. Socio-economic Variable, collected from
questionnaire.

10) Land and livestock ownership. Socio-economic Variable, collected from questionnaire.
11) Cash income and food stocks. Socio-economic Variable, collected from questionnaire.

12) Matemal and paternal education. Socio-economic Variables, collected from questionnaire.
13) Paternal occupation. Socio-economic Variable, collected from questionnaire.

14) Arm circumference for children under five. Biological Variable, collected from CHW
books. -

15) Tibial edema (used for kwashiorkor détection) for children under five. Biological Vanable,
collected from CHW books.

16) Latrine type. Behavioral Vanable, collected from CHW special study.

17) Latrine use. Behavioral Variable, collected from questionnaire.

18) Knowledge of etiology and transmnssnon of diarrhea. Behavioral Variable, collected from
questionnaire.

19) Consumption of shelifish. Beha\noral Variable, collected from questionnaire.

20) Gender. Biological or Behavioral Variable, collected from DSS records.

21) Age. Biological or Behavioral Variable, collected from DSS records.

i

(2) Data from questionnaires will be collected from a random sample of cases and
. their controls. The qﬁestionnaire will be administered by four_ ICDDR,B trained
enumerators. Upon arrival to Bangladesh the questionnaire will be translated into Bengali
z;nd back to English by another person to test the accuracy of the trans.lat.ion. A pre-test ' .
will then be conducted. Variable measurement will be refined and variables may be added

or subtracted based on the pre-test results. I will add a variable if it is thought to be

*
N
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responsible for some of the spatio-temporal variation of either cholera or non-cholera
watery diarrhea. A complete list of these variables cannot be compiled until a pre-test is

completed (preliminary questionnaire variables are identified in the aforementioned variable

fist and in Appendix 2). After the questionnaire is completed it will be administered to all” ~
B . . - - A o T =TT T - pu—— ) .o

U — _—

s re——

of time ch;)sén cases and controls. If the individual who is the case or control is present,
they will be asked the questions directly. If this person is a minor, has diminished mental
capacity, or died dl;ring the study period then the head of household will be asked the
questions. Because these variables are mainly socio—ecqnomic variables (i.e., they are

) ﬁ()usehpld lével variables) asking the head of hbu'seh'(‘)l(i should accurately measurc; the
variable. If a case has migrated out of the study area then there may be a problem of bias.
1 will attempt to collect whatever data 1 can from family members. If the family bas
migrated out of the area then I will try to determine why they left from neigl{hor.s so that [

-

can comment on any apparent patterns to the migration proéessthat might be related to
bias.

(3) The Mattab study area has a population of abproxiniately 20(},000. The
ICDDR.B DSS has a computeri;ed database of everyone in the area. The age and gender
of each of the cases and controls will be determined. Also, the cause of death of each
potential contrul will be detérn;ined so that controls can be chosen. Variable number two

will be created using the GIS with bari population data that will be taken from DSS
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records.
(4) Severat variables (numbers 2, 3, 4, and 6) will be spatially constructed using the

GIS database and other attribute data. These variables involve spatial calculations using

features in the GIS database as well as attnbute data denved from _other-sources: (See T T e

- . P

- e

Appendix 2 for detailed descriptions of the creation of each of the variables).

The data collection stage of this research will take 12 months to complete. The
questionnaire pre-test and GIS dz;tahase update will be conducted from October through
December 1993. During this u:me the diarrhea cases will 5e determined from laboratory

-

and hospital records at the Diarrhea Treatment Center. Also, a list of controls will be
chosen. From January through .Septemher 1996 thelquestionnaires will be administered and
secondary data will be collected from the community health worker records and DSS
reco;ds.

Analytical rhethods used in this study will include: (1) disease r|nam.3ing; (2) a bari-
level logistic regression analysis; (3) a case-control study; and (4) an individual-level
logistic regréssinn ahalysis. These methods are discussed in further detail below.

(1) I will map the bari locations of the three watery diarrhea groups (01 0139, and

non- (.holera) in two week periods so that spatio-temporal pattems can be identified. [ will

determine whether there are any differences between the spatio-temporal patterns of the two

el
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strains of cholera and non-cholera watery diarrhea. While the aquatic reservoir for cholera
can not be mapped in this study, knowing the differences in the spatio-temporal patterns of
cholera and non-cholera diarrhea may give insight into the general location of the reservoir.

The spatio-temporal patterns will also be analyzed by building spatial-and-temporal. ~ = =T =—

- r
- .-  rp——— e — +
—— - —— 0

r———

variaﬁiesinto loéi_étié'regrgsiion models (see parts 2 and 4 of this discussion of analytical

methods).

(2) T will create separate logistic regression models of cases/non-cases for each of
the three categories of watery diarrhea using the variables created in the GIS (2, 3, 4, ;md
0) as t}_;e independent variables.'! This bari-level analysis will be conducted using all
hospitalized diarrhea cases. Baris in the study area that experienced at least one case of
watery diarrhea or cholera during tl;e study period are cases and all baris in the study area
that no individual c.:(mtracted disease are non-cases. This can be done for all the baris in the
study area because variables 2 3, 4, and 6 do not require questionnaires or manual data
searches. They will be created using a computerized database, thus, collecting data for a

5

larger number of observations will not be a more difficult task. | will also incorporate
+

seasons into the models as dummy variables to add a temporal component. The bari will be

' After the data are collected I will test to see if my independent variables are multi-collinear.
Since multi-collinearity is a violation of multiple logistic regression, if I find multi-collinearity in my
independent variables 1 will either conduct a principle components analysis and use a grouped

component in place of multi-collinear independent variables or [ will drop independent variables from
the model.

"1.
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the unit of measurement for this analytical method. [ will test to see whether the variables
are related to incidence of the three types of watery diarrhea.” 1 will aiso analyze the

residuals of the logistic regression models to see if there is any spatial pattern. This will

indicate whether the fit of the model is better in some areas versus others... If there is-ar. —. =

- —

spatial pattern (o the residuals then I,will investigate the reason for the pattern. 1 will
determine whether the residuals are spatially autocorrelated so that [ may identify whether
there are apparent spatial patterns in the unspecified variables. 1. .

(3) I will conduct a case-control study to identify which of the aforementioned

_ variables are risk factors for cholera and non-cholera watery diarrhea as well as to compare

the risk factors for the three types of diarrhea, In case-control studies, comparisons-are
made between a group of persons that have a disease and a group that does not. Those

individuais with the disease are cases and those without the disease are controls. Exposures

-or risk factors of interest can be compared between cases and controls.- ‘The proportion of

cases possessing a risk factor of interest can be compared to the corresponding proportion in

«the control group. Statistical comparisons of the frequencies of individuals with and

without risk factors provide information about what variables put an individual at highelst
risk for a disease. Individuals will Qg_ﬂlg _unit of study and all of the independent variables
will be used in this part of the study. Cases are the hospitalized diarrhea cases (the two
types of cholera anq ﬁon—cholera diarrhea) and the controls are from the communit&

i _ «
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(discussed in section V1 of this proposal). [ will calculate risk for each of the independent

variables by calculating odds ratios (a non-parametric statistical comparison of ratios) and

their significance values. A comparison of risk factors of cholera and-non-cholera watery= . =z "
. P - - ) T ' M

- e —— -

L

p—ad

diarrhea will be conducted by using non-cholera diarrhea as the control group. This will
determine the différences in relative importance of different risk factors for the three types
of watery diarrhea.

(4) 1 will conduct a second logistic regression analysis at the individual level using

the cases and ‘controls as the binary variable. This aﬁalysis is diffel‘el“lt than the logistic
regression performéd in section two of this analg;tical methods section because this analysis
is done at the individual level. ’I:he cases will be given a value of 1 and the controls a value
- of 0.. All of th; independent v.ariables will be used to create this model.'* As with the
bari-level analysis of only the GIS variables, 1 will incorporate seasons into the model as
dum-my variables to add a temporal component. 1 will test to see whether the variables are
related to incidence of the three types of watery diarrhea. As with the bari-level analysis, |
will analyze the residuals of the logistic regression models and determine whether the
residuals are spatially autocorrelated. .

Mapping the incidence of watery diarrhea every two weeks will accurately describe

spatial and temporal patter_hs of the two diarrheal disease categories. It is hoped that these

" t

12 See footnote 11.
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maps will offer corroborating evidence of the existence and importance of an environmental
reservoir for cholera. If cholera has an important environmental reservoir then there should

be seasonality and spatial association with the aquatic re_:ser_voir. If there is not an

. . ———— —_— ——— =

- - s
o mma e e re——

| envuonmentat reservoir for non—cholera diarrhea there will be'less temporal ‘clustering of
variables and no association with the aquatic reservoir. As mentioned earlier, the aguatic
reservoir cannot be located without detailed environmental microbiological studies,
rz_owever, describing the spatio-temporal patterns can provide insight into the existence and )
importance of this reservoir. The case-control study and logistic regression analyses identify
and compare risk factors of cholera and non-cholera diarrhea.

, ' Potential Biases

There are potential biases in the stﬁdy area because of the existence of Community
Operated Treatment Centres (COTC). Access to the COTCS may vary geographically
throughout the study area, thus there is a possibility that people in the areas around the
COTCs will report to them rather than to the Diarrhea Treatment Centre (DTC). After the h
data are collected I will use the GIS database to analyz‘e whether or not incidence rates are
. related to proximity. to the COTCs. Thei'r locations are included in the GIS database. If they
are related then 1 have nof choice but to limit the study area to the areas that are not near the

COTCs. This is roughly half of the Matlab study area. Since 1 plan to collect data for many

more individuals than needed statistically, this will not be a problem to do after the data have

been collected.
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Another potential bias in this study is that there may be differences in clinical
preseﬁtation between cholera and non-cholera watery diarrhea at the DTC and COTCs. This
potential bias can also be investigated using the GIS after the data are collected. Using the

e m———

= - ~GIS I will determilme.whietFier both types of diarrheal incidence are related (o proximity t5 tHe—————
\
DTC and if these relationships are similar to one another. If the relationships between the two
types of diarrhea and proximity to the DTC are significantly different from one another then I
must. limit the study drea to the area not within the COTC catchment areas. An alternative way
to deal with these problems of potential bias is to make the areas not riear the COTCs t'he
ﬁroject study area from the beginning. I do not want to do this because I tlilink-}the Texplqration -
of different use patterns will be interést-ing data in and of .themselves. Also, since | will be |
collecting more data than statistically required, 1 will not have the problem of too few
observations. |
VIL' R h liation and Au
This research will be conducted under the auspices of both Michigan State
University (MSU) and the ICDDR,B. The proposal has already-been accepted by the MSU
Human Subjects Committee and has been submitted to the ICDDR,B Research Review
Committee. While at the ICDDR,B 1 will be working within the C()rﬁmunity Health
. Division (CHD) where | worked in 1993 and the summer of 1994. This research will be
funded by the following grants: the Association of American Ge_;bgraphers (AAG)

dissertation grant, the Foreign Language and Area Studies Grant (FLAS) from the United

States Department of Education, and the American Iristitdte of Bangladesh Studies (A1BS)

Ay

37



dissertation grant. In the process of obtaining A1BS funding this proposal received research

clearance from the Government of Bangladesh.

1X. Summary of Research Schedule

-I !—.\-zili begin'n?fdiﬁé%fﬁiicﬁ“b’r%jeﬁ i October 1995 and complete the .';tudy within
one year. | will pretest and finalize survey questions by December 1995. During this time
(October to December 1995), I will also update the GIS database which was crealed.during
1993. From January to September 1996, I will employ four community health workers to
administer the survey questionnaires. 1 wi.ll then enter the survey data digitally and begin to
conduct preliminary analyses. -Upon completion of the field research, 1 will return to MSU
to complete the dissertation. After defending the dissertation, the research results u;ill be

given to the ICDDR,B and Dhaka University libraries.
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Appendix I: Minimum Sample Size Calculation
The minimum sample size will be determined by budgetary considerations. | will
maximize the number of cases and controls within given time and money constraints.

. ——————— - ————— . —r—

Howsver, the following discussion shows calculations for.a minimum sample size. - Hsieh-

(1989) explained sample size determination for logistic regression analysis based on methods
described in Whitemore (1981). Required input data using this method for simple logistic
regression include:

(1) the probability ('P) of events at the mean value of the covariate (.01 -:5).

(2) the odds ratio (r) of diseas& corresponding to an increase of one standard deviation

from the mean value of the covariate.
Hsieh (1989) provided tables of sample size (S) for different probability values based on event
proportion and odds ratios. This figure must be multiplied by the number of controls thﬁt will
be used for each case (x). With multiple logistic regression a multip!c correlation coeflicient
(p) must !)e estimated and thr:; simple logistic regression sample size is then divided by (1-p?).

Thus, the formula to determine a multiple logistic regression sample size is:

Sx
l-p?

where Sxis based on‘Pand r

First one must start with the covariate that is thought to explain the most variation of the
dependent variable and estimate the odds ratio (r). Then the simple logistic regression sample

size (S) should be looked up in the table. And lastly, the simple logistic regression sample’size

must be divided by (1-p?).
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Since this stu-dy is a case-control study th'e probability (P) of events is .5. I estimate the
odds ratio (r) for one of my covariates (latrine type) to be 2. And I will accept a muitipie
correlation coeffictent (p) of .6. For a 95 per cent confidence level the sample size is 119. 1
will double this number (238) becaiise I will sample one control for. every case. Thus, the

»

multiple regression sample size is:

oS ]

38 = 238 = 371.875
1-.6° 64

This is the sample size for both cases and controls. Thus, [ will divide this number by two to
get the sample size for cases and controls. The number is 185.9375 which is rounded up to

4

186 cases and 186 controls.
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.Appendix 2: Individual Discussion of Independent Variables

Mmmmwmﬂhmmm Group-level Behavioral Variable

and/or Socioeconomic Variable, collected from CHW books. To create this variable

" the number of pérédné in aﬁwellihﬁﬁé”t b;: d:v;ded i;y th;a'-are;;)f -tgf;t”dv-'iéiliné%Th;
CHWs document the area of each dwelling in Matlab. When a dwelling is renovated, the
new area is recorded by the CHW. The DSS collects data on the population of each
‘household in the study area. 1 hypotheéize that watery diarrhea will be associated with

~ crowding because it will increase the likelihood of human contact and, thus, person-to-

person transmission.

2). Group-level Behaviorai
Variable and/or Socioeconomic Variable, constructed using GIS and DSS data. 1 will
calculate population density f;)r each bari, using DSS census data and buffering teéhniques
in the GIS. I have the same hypothesis for this va;'iable as for vaﬁable one.
MM:U&LD&[SQDLMNMS Environmental Variable; co;lstructed using
G.IS and CHW special study. In 1988, the CHWs identified the location of all of the
tubewells in the Matlab study area. Presently, these data are being updated. Using these
data and Ehe GIS database, 1 will calcul;te the number of tubewells within%a haif kilomelerl :

buffer around each bari. 1 hypothesize that the greater the number 6f tubewells near a bari,

the less diarrheal disease will occur. This is based on the assumption that the existence of
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tubewells generally indicates access to clean water.
- Msj,angc_mnn_m Environmental Variable, constructed using GIS. In a village

level study in Matlab from 1968 to 1977, Glass et al. (1982) found that peuple living in

— R —_—— -

test this more precisely by determining the distance of each bari from the river. |
hypothesizé that distance from the river is positively related to the incidence of cholera and
not related to non-cholera watery diarrheal incidence. This conforms to Colwell’s (1992)

assertion that the most significant cholera reservoir is in the brackish canal environments

further from the main river.

. Behavioral Variable, collected

from questionnaire. A series of questions will be asked to determine the different sources

of water that are used for different purposes by the cases and controls., These questions will

reveal the rltsult of how access and personal choice affect how water is used.
ﬁJ_EhxxlmLmL(cmbankcﬂ_QLmt_cmhkad_amal Environmental Variable constructed
using GIS. In the m1d 1980s, a major flood control program was mplementcd in part of
Matlab. An enclosed embankment (polder) protects part of the study area from flooding, :
while the area outside the embankment remains unprotected. 1 will 'determine whether each
bari is inside or outside the embankment using the GIS. 1 hypothésize that watery diarrhea

will occur at a higher rate outside the embankment than inside because water sources are

f
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“under. 5.years old:~T'hypothesize thiat for chiidfen under five] incidence of watéry diarthea

more likely to be contaminated when flooded.

1) Breast feeding status for children under 5. Biological and/or Behavioral Variable,

collected from CHW books. The CHWs record the breast feeding status of all children

. - - — —_——— —_—
e e — ——

will be lower if they are breast-fed because of acquired immunity and/or reduced ingestion
of contaminated water sources.

&Measmixammmsmuﬂmmu Biological Variable, collected from
CHW boqks. The CHWSs record the vaccine status of all children under 5 years old. 1 --
hypothesize m;'it.Watery diarrh@ will be associated with children who are not immunized
against measles because it was found that the measles vaccine is related to decreased
diarrheal incidence (Feache;h & Koblinsky, 1983).

Mnusmg_cgnmgummamum Socio—econ;)mic Variable, collected from
questionnaire. The; CHWs record the construction material of each dwelling, including
renovations, in the Matlab study area. Assuming that construction material (as well as
variables 10, 11, 12, and 13) aré indicators of socio-economic status, and that incidence of
diarrheal disease is related to socio-economic status, | hypothesize that less expensivé
materials (and low sOcio-economic status in variables 10, 11, 12, and 13) will be associated
with diarrheal disease. 1 do not think that the hofising materials (or any of the other socio-

economic variables) are directly involved in diarrheal disease transmission but that housing
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construction material is an indicator of socio-economic status. If socio-economic status is
related (o diarrheal discase there are certainly complex reasons why. Access to clean waler

or latrines may be related to socio-economic status. These issues can be explored after the

=" _ data aré Coltected: =
10) Ldnd_dnd_lmmkmmshm Socio-economic Variable, collected from
questionnaire. The amount of land and livestockaqwned by each stﬁdy household witl be
detem;ined through a questionnz;ire designed to gather socio-economic data.
1.1) Cash income and food stocks. Sociu—econqmic Variable, collected from

' quéstionnai;é“. The amount cash income and biannual food stocks for each study hu;sehold
will be determined through the questionnaire.
ll]_MalﬁmﬂLdud_ndls:qum;gLum Socio-economic Variables, collected from

questionnaire. The CHWs record the maternal and paternal educational levels in the

record hooks.

13) Paternal occupation. Socio-economic Variable, collected from questionnaire. The

CHWs record the father’s occupation in the reéord books.
_lﬂJ_ALm_u&um&;[gu_c_e_nghummd;Lj Biol_ogical Variable, collected from CHW
books. The CHWSs record the arm circumference of children every 3 months. This is an
indicator of malnutn'tion.l I hypothesize that malnutrition is not related to diarrheal disease

based on previous studies identified in the literature review and I would like to verify this.
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15) libial edema (used for kwashiorkor detection) for children under 5. Biological
Variable, collected from CHW books. The CHWs record if a child has tibial edema. |

hypothesize that kwashiorkor, i form of malnutrition, is not related o diarrheal disease,

—_- w-—
e o B = e -

16) Latrine tyJE;.‘-«'BéﬁEGiSrél:Variaﬁé:"i:()_'iiectcd'from'CHW special study.. A special
latrine data collection project was conducted during 1988 and was updated by CHWs during
1994, Several nominal categories of latrine are recorded (i.e. closed or open pit;

permanent or makeshift structure). 1 hypothesize that individuals who live in households

with unsanitary latriné types (open pit & makeshift structurey of no latrine are more likely

»

\ .
o et diarcheal:discasce.

17) Latrine usg. Behavioral Variable, collected from questionnaire. A series of questions

"will be asked to determine whether and how often a latrine is used by cases and controls.,

These questions will reveal the result of how access and personal choice affect how latrines

-
-

“are used.

18) Knowledge of etiology and |_transmission of diarrhea. Behavioral Variabie, collected
from questionnaire. A series of questions will be asked about people’s perceptions of
diarrheal etiology and teansmission. | hypothesize that individuals who do not understand

diarrheal etiology and transmission are more likely to contract the diseases because they are
e

& a,
less ltkely 10 modify their behaviors o avoid sources of the diseases.

b .,

19)_Consumption of *shcllﬁsh.,llchaviorgl Variable, collected from guestionnaire. Data
: oY . 4
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about people’s shellfish consumption will be collected in the questionnaire. | hypothesize

L 4

that individuals who eat more shelifish are more likely to contract the diarrheal diseases.

20) Gender. Biological and/or Behavioral Variable, collected from DSS records.

a

" Gender for ail.individuals is ré&'if\déd-fﬂ? 16'; DSS~1 will G gender:matched analjses
hecause inci'dence rates may differ by gender because of different behavioral patterns.
21) Age. Biological and/or Behavioral Variable, coliected from DSS records. Age for
gll individuals is reco:rded by DSS. 1 will do age-matcﬁed analyses because incidence rates

differ by age becaust of immunological differences and behavioral patterns.

a6 _ .



Appendix 3: Research Budgelt

Mr. Michael Emch, P.1.

- —— e em——

{. Stationary ' 7 B $S_(l_(]

— - o

Paper, copying, and oftice supplies.

2. Research/Enumeration Support . © §4530

Enumeration Costs: Including employment of 4 enumerators (24 person-months} to
assist in survey interviews, enumerator transportation, data entry people. and
translation of questionnaire.

Enumerator Salaries: 24 person-months * $100/month $2400
Fonumerator Transportation: -$400
Data Entry Salaries: 12 person-months * $140/month ' 1680
Questionnaire Translation: $50

) - Total $ 5030 ’
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CONSENT FORM

"The Internat1ona1 Centre for Diarrhoeal Disease Research,

Bangladesh (ICDDR,B). is conduct1ng a_study on watery - d1arrhoea.uw67F

‘are trying..to- find .out what—are- the*factors that are invoived in
the occurrence of the disease in your community.

For that purpose we need to ask you several questions related to
your environment, customs and your health status. The questionnaire
will be addressed only once, and will take about half an hour. We
invite you to participate in this study, and refrain from answer1ng
ohe of the guestion if you feel so.

By answer1ng to these questions, we expect to learn more on the
disease and find new ways for 1ts prevent1on

The Jnformat1on provwded by you will be treated as confidential,
and kept by the Principal Investigator.

1f you agree to participate, please sign your name below, or give
your left thumb impression.

Thank' you.

Signature of the Principal Signature or left thumb

investigator impression of the
intaerviewee

Date: : ' Date:

. R Wy G
f‘-a%_“ "v‘;‘::sj’
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East Lansing, Michigan
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April 28, 1995

TO: Michael Emch

316 Pinocak #2
E. Lansing, Mi. 48823

RE:  IRB#: 95-213 _
TITLE: RISK FACTORS FOR DIARRHEAL-.DISEASE-IN ‘MATLAR,
e e — == = _—— BANGLADESH: -A MEDICAL -GEOGRAPHIC.APPROACH- -
— REVISION:REQUESTED:{-"N/A B

— " CATEGORY:

-H
APPROVAL DATE: 04/27/9%

The University Committee on Research Involving Human Subzects'(UCRIHS)
review of this project ie complete. I am pleased to advise that the
rights and welfare of the human subjects appear to be adequately
grotected and methods to cobtain informed consent are apgropriate.
gerefore,‘the UCRIHS approved this project and any revision listed
above.

RENEWAL: UCRIHS approval is valid for one calendar year, beginning with
the approval date shown above., Investigators planning to
continue a project bexond one year must use the green renewal
form (enclosed with the original agproval letter or when a

project is renewed) to seek updated certification. There is a

maximum of four such expedited renewals possible. Investigators

wishing to continue a groject beyond that time need to submit it
again for complete review,

. [ )
REVISIONS: UCRIHS must review an{ changes in grocedures involving human
subjects, prior te initiation of t
the time of renewal, please use the green renewal form. To
revise an approved protocol at ang other time during the year
send your written request to the UcC

in !our requegt a deecription of the change and any revised
ns

ruments, consent forme or advertisements that are appllicable.

PROBLEMS/ ’ :

CHANGES: Should either of the following arise during the course of the
work, investigators must noti UCRIHS promptly: 11) groblema
{unexpected side effects, complaintse, etc.) Linvolving human
subjects or (2) changes in the regsearch environment Or new
information indicating greater risk to the human subjects than
existed when the protocol was previously reviewed and approved.

If we can be of any future help, please do not hesitate to contact-us
at (517)355-2180 or FAX (517)336-1171. . '

Sincerel

David E. Wright, Ph.
UCRIHS Chair

DEW:pjm
cc: Edward A. Whiteasell

@ change. If this is done at

RIHS Chair, requesting revised
approval and referencing the project's IRB # and title. ~Include



