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ABSTRACT

SPATIAL AND ENVIRONMENTAL RISK FACTORS FOR DIARRHEAL
DISEASE IN MATLAB, BANGLADESH
By

Michael Edward Emch

The primary objective of this dissertation is to assess risk for diarrheal
disease in rural Bangladesh by analyzing the complex and dynamic interaction of
biological, socioeconomic, cultural/behavioral, and environmental factors over
time and space. A secondary objective is to extend the use of geographic
information systems as a tool in disease modeling. The differences between the
spatial and temporal patterns of cholera and non-cholera watery diarrhea are
analyzed. Risk factors of the two disease types are calculated to compare the
relative importance of risk for several independent variables.

This study is guided by the medical geographic theoretical approach
called disease ecology and uses a methodological approach called ecological
association analysis which uses quantitative methods to model spatial and
temporal disease variation. This approach facilitates understanding disease
causation in a spatio-temporal framework. The author claims that, in order to
increase our understanding of complex phenomena such as diarrheal disease, it
is necessary to expand the theoretical holism of disease ecology and practice

methodological pluralism when doing this type of research.



The main cholera epidemics from January 1992 to December 1994
occurred just after the rainy season and smaller epidemics occurred at the end of
the dry season. There were almost no cases during the beginning of the dry
season of each year. There was an irregular temporal cycle to non-cholera
watery diarrhea. The peaks did not follow a regular seasonal pattern and the
largest epidemics occurred at different times of the year. Cases of cholera were
widely dispersed throughout the study area, whereas cases of non-cholera
watery diarthea were more clustered. These spatial and temporal patterns
provide support for Colwell's (1985) theory that cholera is a disease with an
environmental reservoir while non-cholera diarrhea is not. After periods when
there is no cholera, people contract cholera from environmental sources and
subsequent cases are due to both primary transmission from the environment
and secondary transmission from other people. Non-cholera, watery diarrhea is
caused exclusively by secondary transmission since there is no environmental

source.
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1. Introduction: research objective, research setting, and review

of literature

1.1 Research objective

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 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, socioeconomic, behavioral,
cultural, 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 identifies the variables related to diarrheal disease risk and
analyzes the spatial and temporal pattems of diarrhea.

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) published the results of a study claiming that
vibrios can live freely in an aquatic environment even under conditions of nutrient
deprivation if the environment is not sodium-free. Prior to this study, it was
maintained that cholera was only transmitted by ingestion of fecally contaminated
food or water. However, Colwell's research suggests that transmission can occur
through water without fecal contamination. If transmission can occur without fecal

contamination then these findings dramatically change longstanding conceptions




of the ecology of cholera.

This study differentiates between two types of diarrhea, cholera and non-
cholera. Cholera is defined as watery diarrhea caused by the bacterium Vibrio
cholerae. Non-cholera watery diarrhea is defined as watery diarrhea caused by
microorganisms other than Vibrio cholerae. ldeally, this study would have
distinguished between all of the non-cholera diarrheal agents; however, the
microbiological tests associated with obtaining this information would have been
exorbitantly expensive.! Given constraints of time and money, non-cholera
watery diarrhea is a logical and useful grouping based on the assumption that
none of the organisms in this group have an environmental reservoir while the
organisms in the cholera group do.

This study has two distinct parts. The first part of the study analyzes the
differences between the spatial and temporal pattemns of cholera and non-cholera
watery diarthea. This study was premised on the expectation that such
differences exist due to the presence of free-living cholera vibrios in aquatic
reservoirs along with the absence of an environmental reservoir for non-cholera
watery diarthea. The spatial and temporal patterns of these two disease types
have neither been thoroughly described nor differentiated elsewhere.
Differentiating between the spatial and temporal pattems of the diseases can not
only provide supporting evidence concerning the existence and importance of the

cholera reservoir but it also provides a basis for spatial and temporal forecasting

! This would require a community-based prospective study, which would take several years.



of both diseases.

The second part of this study differentiates between risk factors of cholera
and non-cholera diarrhea. The author believes that different reservoirs, and thus
different spatial and temporal patterns, will lead to different risk factors. There
- are differences in the risk factors because the ecology of the diseases exist
within a dynamic spatio-temporal framework so that differences in the spatial and
temporal pattemns cause differential exposure to the diseases. 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 reaim of
the biological sciences to describe properties of the direct determinants but
studying the indirect determinants requires an interdisciplinary effort (Dubos,
1965). Statistical association does not always mean that a variable is in 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
association must make theoretical sense.

This study is guided by the medical geographic theoretical approach
called disease ecology (see Chapter 2). It also uses a methodological approach

called ecological association analysis that uses quantitative methods to model
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spatial and temporal disease variation. This approach facilitates understanding

disease causation in a spatio-temporal framework. 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.

This research project provides essential information about the disease
ecology of severe watery diarrheal disease. More specifically, the study
accomplishes the following goals.

1. It offers corroborating evidence concerning the existence and importance of
an environmental reservoir for cholera by differentiating between spatial and
temporal patterns of cholera and non-cholera watery diarrhea.

2. It identifies and compares risk factors for cholera and non-cholera watery
diarrhea.

3. It extends the use of geographic information systems (GIS) as a tool in
disease modeling.

The study was conducted at the International Centre for Diarrhoeal Disease

Research, Bangladesh (ICDDR,B), where the author created an extended-

household GIS database in 1993. Medical geography studies have historically

used aggregate data sources because individual-level data are seldom available
and extremely expensive to collect. The ICDDR,B was chosen as a research
institution because of its unique watery diarrhea data collection system which

makes a micro-level study possible.



1.2 Research setting

Bangladesh suffers markedly from endemic diarrheal disease. Diarrhea is
the largest cause of death among children under five in this underdeveloped
country (D'Souza, 1985; Hoque & Hoque, 1994). The people of Bangladesh
suffer not only directly when they contract the disease, but also indirectly from
economic hardship due to lost productivity and medical expenses. The research
site for the ICDDR,B and for this project is called Matlab because the Centre's
hospital is located in Matlab Town. It is in south-central Bangladesh
approximately 50 km south-east of Dhaka, adjacent to where the Ganges River
meets the Meghna River forming the Lower Meghna River. Figure 1.1 shows the
study location within Bangladesh relative to Dhaka City, the location of three
major South Asian rivers, and the Bay of Bengal. The blue lines showing the
three large rivers represent each of the bank lines.

The study area is difficult to access from Dhaka by road or rail. Thus, the
main point of entry is by river (Figure 1.2). Figure 1.3 shows the Matlab study
area relative to the Meghna River. The river running next to Matiab Town is the
Dhonagoda River. Figure 1.4 is a picture of the approximately three kilometer

wide Meghna River taken in the southwest corner of the study area.
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The ICDDR,B has operated this field research area since 1963. The study
area population is approximately 200,000. There are 142 villages in the study
area, 128 of which are predominantly Muslim and 14 of which are predominantly
Hindu. The study area is almost entirely rural and most people's occupations are
in agriculture or fisheries. Increasing population in the past 100 years in
combination with the tenure system have led to a major problem of landlessness
in the area. The monsoon climate of the study area is characterized by high
temperatures, heavy rainfall and marked seasonal variation (Rashid, 1991; Hall,
1988). Table 1.1 lists average monthly rainfall and temperature data that were

collected at a weather station near Matlab.



10

Table 1.1 Seasonal climatic variation in the Matiab area.

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

RF 066 |27 1498 | 193 | 286 [522 [527 (416 | 29.1 |23.7 |4.88 | 0.69

MaxT | 261 | 29.5 | 336 | 33.8 | 336 | 322 | 31.4 | 319 |31.2 | 316 | 299 | 26.9

MinT ] 10.7 | 148 | 179 [ 222 | 232 |23.8 | 251 [247 | 242 | 229 | 18.2 11:8

RF-Rainfall (cm) (1947-77)
MaxT- Maximum Temperature (degrees C) (1847-77)
MinT- Minimum Temperature (degrees C) (1971-81)

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 in an attempt to increase the agricultural productivity of
approximately half of the Matlab study area. It is called the Meghna-Dhonagoda
Irrigation Project by the Government of Bangladesh because the embankment
regulates the amount of water that enters the embanked area from the Meghna
and Dhonagoda Rivers. The entire study area is part of a flood-plain, however,
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. Figure 1.5 shows the
distribution of baris in the study area relative to the Dhonagoda River and the
flood control embankment. Baris are patrilineally-related clusters of households
that are raised above the surrounding land area, which is used for agriculture.
The area northwest of the embankment is the flood-regulated area and the area
southeast of the embankment is the unregulated area. Figure 1.6 is a picture of
a barni during the dry season and Figure 1.7 is a picture of a ban during the

monsoon.
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Figure 1.5 Distribution of baris in study area.
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Figure 1.6 A bari during the dry season.

Figure 1.7 A bari during the monsoon.
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Because of its proximity to the confluence of the Padma and Meghna
Rivers, the southemn part of the study area was traditionally subject to massive
erosion. During the 1988 flood, several square kilometers of land were lost into
the Meghna River. The embankment was built in part as an attempt to contain
the floods to decrease erosion and increase the number of rice growing seasons
from two to three. Since the Meghna-Dhonogoda embankment was finished in
1988 it has had a major impact on the flood conditions in the area. There have
been large reductions in flood depths in low-lying areas. The project has resulted
in a large growth in rice output and livestock production but it has had a
devastating effect on fisheries. Daily fish catches have fallen by approximately
40 percent within the flood-controlled area (HTSL, 1992).

Rice dominates agriculture in the highly fertile Meghna Floodplain of which
the Matlab study area is a part. Rice crops are mainly local varieties, including
aman, aus, and boro, 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 chili peppers.
Sugarcane and various vegetables and fruits are grown in small amounts. The
other main occupation in Matlab is river fishing. Much of the fishing in Matiab is
done from river banks with small nets for subsistence. People also fish from
small boats using cast nets and they sell their catch in the small Matlab market or
at the major fishing center of Chandpur, which is ten kilometers south of the
study area (Rashid, 1991; Hall, 1988). Figures 1.8 and 1.9 are pictures of the

diverse types of fishing in the study area.
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Figure 1.8 Large-scale fishing in Matlab on the Meghna River.

Figure 1.9 Small-scale fishing in Matlab.
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Another mostly subsistence economic venture in the area is livestock rearing.
Approximately 81 percent of households have chickens and ducks, 47 percent
have draught animals, and 30 percent have goats or sheep (HTSL, 1992). Other
economic activities in the area include trading, shop keeping, and transport
services. The trading is mainly in agricultural inputs and outputs, and the
transport services include rickshaw pulling and flatbed rickshaw pulling of goods.
There are other smaller economic activities in the area that can be called rural
industrial activities and enterprises. They include activities such as rice milling,
saw milling, carpentry, pottery making, net making, handioom weaving, tailoring,
blacksmithing, goldsmithing, and rickshaw repairing (HTSL, 1992).

While at the ICDDR,B in 1993 the author created a vector GIS database of
the Matlab field research area. Features in digital format include baris, rivers,
roads, schools, religious structures, village boundaries, and the flood-control
embankment. Figure 1.10 shows three features in the GIS database including
the ﬂood-regulating. embankment, the Dhonagoda River, and baris. The three
map views in Figure 1.10 are displayed at different scales. The map view on the
far right has the individual bani identification numbers visible. The baris are all
identified by an ICDDR,B demographic surveillance system (DSS) census
number within the structure of the GIS database. This allows attribute data to be
linked to the spatial database. Thus, disease incidence data can be linked to
specific bari locations.

The Matlab field research center is a diarrhea treatment center (DTC)

which has in- and out-patient services, a laboratory for the identification of
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Figure 1.10 Study area GIS database.

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 diarrhea patients have
been treated by the Centre. There are motorized boats which function as a free
ambulance service for diarrhea patients so access to the hospital is remarkably
good. All DTC services are free as well. The research center maintains a
community-based data collection system. One-hundred twenty community
health workers (CHWS) visit each household every two weeks to collect
demographic, morbidity, and other data. The DSS conducts periodic censuses
(most recently in 1993) and uses CHWSs to update demographic data (births,

deaths, and migrations). The DTC laboratory consists of microbiology, clinical
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pathology, and bio-chemistry units which provide diagnostic services to the
hospital and for field research activities.

In the southwest corner of the study area where the Meghna and
Dhonagoda Rivers join there has been much channel migration. A retrospective
study of bank line changes between 1984 and 1993, which used Landsat TM
satellite imagery, found that between 1000 and 2500 meters of the river bank
were eroded from this area. Most of this erosion occurred during the 1987 and
1988 floods, which displaced a large number of people (ISPAN, 1995). Many
people became landless and were forced to migrate or settle on the nearby
embankment, which is considered public land. Presently, there are still many
people living in makeshift housing structures that are built on stilts and hang off
the sides of the embankment. These people must survive by share cropping or

as laborers. They are some of the poorest people in the entire study area.

1.3 Review of literature

Diarrheal disease can be caused by many etiological agents. For practical
purposes diarrhea can be classified into two manifestational categories,
dysentery and watery diarrhea (Benenson, 1990; ICDDR,B, 1993). This study
will focus on watery diarrhea, thus the agents that cause dysentery will not be

considered®>. Two studies were conducted in Matlab to examine the relative

2 The dysenteric agents that are present in Matlab include Shigella, Campylobacter jejuni,
Entamoeba histolytica, enteropathogenic Escherichia Coli, and enteroadhesive Escherichia Coli.
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importance of various enteropathogens that cause diarrheal diseases; see Table
1.2 (Baqui et al., 1992; Black et al., 1980). The non-cholera, non-dysentery
organisms that are listed in the table are all watery diarrheal agents. Cholera is
caused by the colonization of the small intestine with Vibrio cholerae O1. During
the Spring of 1993, Vibrio cholerae O1 was replaced by another strain, Vibrio
cholerae 0139. While the clinical manifestations of the two agents are identical,
little is known about the newer strain (Siddique et al., 1994). There are several
distinct differences between the four different studies shown in Table 1.2.
Variation in relative importance in different studies can be attributed to
differences between community-based studies and hospital-based studies
because people only visit the hospital when the case is severe. Other variation is
due to the different microbiological tests that were done as well as year to year
variation in epidemics.

In rural Bangladesh, cholera transmission can be divided into primary and
secondary types (Colwell & Spira, 1992). Primary cases are the result of
infection by surface water sources. An example of this is when people are
directly infected with the bacteria by drinking untreated pond water or eating
undercooked shellfish. Secondary cases consist of people who are infected by
fecal-oral transmission by people with primary infection. An example of this is
when a family member is infected by a sick member of his/her family when the
sick person puts his/her hands in the family's drinking water pot. Another
example of secondary transmission is when a mother is infected by the feces of

her baby. Primary transmission is controlled by factors such as temperature,
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salinity, nutrient concentrations, the number of available attachment sites

(plankton), shelifish consumption, and contact with water (Colwell & Spira, 1992).

Table 1.2 Percent of diarrtheal episodes associated with etiological agents
in Matliab

Pathogen Black et al. Black et al. Baqui et al. Baqui et al.
1981 1981 1990 1991 Hospital-
Community- | Hospital-based | Community- based
based based

Vibrio cholerae 01 0.3 13 0.4 39

Vibrio cholerae 1.1 7 29 3

Non 01

Shigella 12.8 5.5 8.6 11

Enterotoxigenic 269 29 12.2 14

Esherichia Coli

Campyilobacter - - 17.8 11

Salmonella - <1 0.1 1

Enteroadhesive - - 343 -

Esherichia Coli

Enteropathogenic - - 135 -

Eshenchia Coli

Aeromonas - - 2 -

Pleismonas - - 0.1 -

Rotavirus 3.8 24 4.3 -

Entaemoeba 0.2 4 4 2

histolytica

Giardia lamblia 0.5 2 2.2 2

Cryptosponidium - 1.9 -

No pathogen 49 5 42.1 -

(- not tested) (Derived from Baqui et al., 1994)

In rural Bangladesh cholera transmission is seasonal, with a peak after the
monsoon, which extends from September to December (Baqui et al., 1994).
Coliwell and Spira (1992) suggested that the post-monsoon season is associated
with a heavy bloom of zooplankton, maximum recreational water contact, and
maximum available crustacea in the marketplace. They postulated that there is a

permanent environmental reservoir for Vibrio cholerae in the brackish ponds and
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canals of rural Bangladesh.

Many studies have identified risk factors for cholera in rural Bangladesh
and they can be roughly divided into four types, namely biological, behavioral,
environmental and socioeconomic. Some risk factors, however could be placed
in two or more of these variable classes. Although not exhaustive, these studies
represent the most important findings related to cholera risk by investigators from
many different disciplinary backgrounds.

The following studies have identified biological risk factors. First, Glass et
al. (1985) found that individuals with type O blood are predisposed to cholera.
Second, Glass and Black (1992) found that breast-feeding protects infants
against cholera; however, this finding might be related to contamination of water
during bottle-feeding, a behavioral variable. Third, malnutrition was long thought
to be associated with cholera infection but Stanton and Clemens (1986) found
the long-standing belief that malnutrition was associated with cholera not to be
true. Glass and Black (1992) also found that children aged 2 to 15 are at
greatest risk of contracting cholera. While age is a biological variable its
involvement in disease transmission is surely very complex and involves many
types of variables.

Several behavioral variables have also been identified. In Bangladesh,
women of child-bearing age have high cholera incidence rates presumably
because of increased person-to-person contact (Glass & Black, 1992). This is an
example of a behavioral variable that is intertwined with culture. Glass et al.

(1982) found that villages with daily bazaars have higher cholera rates. This is
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an example of an aggregate behavioral measure.

Environmental variables have been identified in four studies. Sommer and
Woodward (1972) found that people who lived close to tubewells had a much
lower incidence rate than those who lived further away because they had access
to clean water. Khan 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, Glass et al. (1982) found that cholera is more common in villages that
are not adjacent to the main river. 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
cholera rates. It is unciear whether this is because of socioeconomic reasons or
cultural reasons. Becker et al. (1986) found that children in poorer households
had a higher proportion of days with all diarrhea and Rotavirus than more affluent
households. Chen et al. (1981) found that undemutrition is not a predictor of
diarrheal incidence.

There are several significant gaps in the literature on watery diarrheal
disease. No study has used a disease ecology approach and few studies have
identified indirect socioeconomic determinants of diarrheal disease. While many
studies have used simple non-parametric statistical methods, few have identified
the multivariate relationships between the different types of variables. Also, no
studies have differentiated between cholera and non-cholera diarrheal disease

risk. Craig (1988) looked at spatio-temporal clustering of cholera, but no studies
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looked at spatial and temporal patterns and their associations with other
variables. This dissertation will use a disease ecology approach to begin to fill in
these gaps.

Several studies support a hypothesis that the temporal and spatial
patterns of cholera and non-cholera watery diarrhea will be different from one
another. Baqui et al. (1994) described that there are two cholera peaks, one
sometime between September to December and the other between March and
June. Black et al. (1981) found that incidence of Rotavirus is relatively constant
except for a small peak in December, and that enterotoxogenic Escherichia coli
occurs more frequently in the hot months.> An environmental reservoir is not
known to exist for non-cholera organisms; humans and animals are the only
reservoirs for these organisms (Benenson, 1990; Warren & Mahmood, 1993).
The dichotomy between cholera and non-cholera diarrhea was chosen because
it has been hypothesized that cholera has an environmental reservoir and there
is no evidence of one for non-cholera diarrhea. Accurate descriptions of the
spatial and temporal patterns of these diseases have never been completed but
the creation of a GIS database made this task manageable. Although this study
will not accurately identify the location of the cholera reservoir it can offer
corroborating evidence of its existence/importance by describing the spatial and
temporal patterns of the disease. If the cholera reservoir is important then the

spatial and temporal patterns of cholera and non-cholera watery diarrhea will be

3 Rotavirus and Escherichia coli are non-cholera watery diarrheal agents.
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very different. More specifically, the pattern of severe cholera watery diarrhea
should generally correspond to the environmental reservoir especially at the
beginning of the season. It is hypothesized that the environmental reservoir of
cholera is the brackish aquatic environment of the rivers, canals, and ponds of
the study area. These brackish water bodies are throughout the study area thus
it is hypothesized that cases will be highly dispersed. Figures 1.11, 1.12, and
1.13 are pictures of the aquatic environment that is thought to be the cholera
reservoir. Since it is hypothesized that non-cholera diarrhea does not have an

environmental reservoir then the pattem of this disease should be less dispersed.

Figure 1.11 Homesteads adjacent to a large pond.

Figure 1.12 Small canal during the dry season.
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Since it is hypothesized that these two disease categories have different
spatial and temporal patterns it is thought that their risk factors will be different.
This is because spatially and temporally heterogeneous risk is what determines
the spatial and temporal patterns of the diseases. If funding or time were not a
consideration the study would distinguish between all of the non-cholera
diarrheal agents, however, the microbiological tests associated with obtaining
this information would be extremely expensive and time-consuming.

As described in Chapter 1, understanding watery diarrheal disease is
complex and involves many different types of variables. Chapter 2 describes the
theoretical context from which this dissertation investigated cholera and non-
cholera diarrhea. This study is guided by the medical gebgraphic theoretical
approach called disease ecology and uses a methodological approach called
ecological association analysis which uses quantitative methods to model spatial
and temporal disease variation. This approach facilitates understanding disease
causation in a spatial and temporal framework. In order to increase our
understanding of complex phenomena such as diarrheal disease, it is necessary
to expand the theoretical holism of disease ecology and practice methodological
pluralism when doing this type of research. Chapter 3 describes the specific
methods that were used to investigate the disease ecology of diarrheal disease.
These methods include disease mapping techniques that utilize the
aforementioned GIS database as well as both non-parametric and parametric
statistics. Chapter 4 describes the findings of the study and Chapter 5 brings all

of these pieces together by describing the most important results and their
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theoretical and practical implications. The main cholera epidemics from January
1992 to December 1994 occurred just after the rainy season and smaller
epidemics occurred at the end of the dry season. There were almost no cases
during the winter of each year. There was an irregular temporal cycle to non-
cholera watery diarrhea. The peaks did not follow a regular seasonal pattern and
the largest epidemics occurred at different times of the year. Cases of cholera
were widely dispersed throughout the study period, whereas cases of non-
cholera watery diarrhea were more clustered. These spatial and temporal
patterns provide support for Colwell's (1985) theory that cholera is a disease with
an environmental reservoir while non-cholera diarrhea is not. Chapter 5 also
offers a heuristic model, which can be used to understand the disease ecology of

diarrheal diseases in rural Banglaesh.



2. The use of medical geography for the investigation of

diarrheal disease in rural Bangladesh

In order to advance the philosophical and theoretical implications of this
study it is necessary to situate the study within the field of geography and within

the sub-field of medical geography.

2.1 Ecologic theory within the field of Geography

The human-environment tradition in geography was bormn and has evolved
throughout the 20th century in American geography. Early proponents of this
tradition highlighted how they thought the physical environment affects humans.
Consequently this approach has been called environmental determinism
(Semple, 1911; Brigham, 1915; Davis, 1915; Huntington, 1924). Many
environmental determinists were actually trained in geology and were well versed
in Darwinian natural selection theory. Influenced by their training, they professed
that human activities are controlled by their environment. Thus, the beginning of
human-environment theory in human geography saw environment as the
stronger force in the human-environment dyad. Approximately a decade later at
the University of Chicago, H.H. Barrows (1923) introduced a geographic human-
environment tradition called "human ecology." The reference to ecology is
derived from the biological sciences and refers to the human-environment
ecosystem. Barrows' human ecology used a more social science oriented

perspective to study relationships of human society within its biophysical
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environment (Haggett, 1977). Zimmerer (1996) differentiates between five
ecological traditions in human geography including:

1) human ecology

2) cultural-historical ecology

3) systems ecology

4) adaptive dynamics ecology

5) political ecology
Human ecology as defined by Barrows in 1923 was the study of "mutual relations
between man and his natural environment." This sub-field of geography viewed
humans and environment as coexisting forces and investigated how humans
make adjustments to their environment through economic and political
organization (Zimmerer, 1996). Barrows' human ecology evolved into a field that
primarily investigated natural hazards (Burton, Kates, and White, 1968; Burton
and Hewitt, 1974; White, 1945; White, 1974). Burton and Kates (1964) defined
natural hazards as "those elements in the physical environment, harmful to man
and caused by forces extraneous to him." They went further to classify natural
hazards as geophysical or biological. Geophysical hazards are climatic or
meteorological events such as floods and geologic or geomorphic events such as
earthquakes. Biological hazards are caused by flora, such as poison ivy or
fauna, such as bacterial infections. The human ecology study of natural hazards
emphasized the role of individual decision-making when adapting to their
environment but overlooked historical and socioeconomic circumstances which

put people at risk to hazards (Zimmerer, 1996, 167).
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Since these early days of the human-environment tradition several other
ecological traditions have been bom. Cultural-historical ecology, firmly
established by Sauer, focuses on cultural manifestations of the human
landscape. Sauer and his philosophical successors studied changes in the
landscape such as vegetation distribution. The cultural-historical ecologists were
different from the human ecologists in that they separated environment and
society and thought that culture was the most important variable guiding human
action as it related to landscape change (Zimmerer, 1996, 169).

Systems ecology was a perspective bomn in a theoretical period dominated
by quantitative methods and geography as science. Kates (1971) continued with
his natural hazards research but within the rubric of General Systems Theory.
He wrote of this new ecological perspective that "with its focus on man as the
ecological dominant, the interactions between men and nature tend, over the
short run, to be stable, homeostatic, and self-regulating over the long run, to be
dynamic, adaptive, and evolutionary in the direction of increasing control over
nature's resources and buffering from nature's hazards." Humans were seen as
part of a holistic ecosystem. Biological ecology concepts such as ecosystem,
equilibrium, niche, carrying capacity, succession were all used to explain how
humans are part of a large negative feedback system (Zimmerer, 1996, 172-73,;
Kates, 1971). Adaptive dynamics ecology focuses on individual decision making
as it pertains to humans adapting to environments. Humans have a more
dominant role in the human-environment dyad although they are seen as

inseparable (Zimmerer, 1996, 1974-75).
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Political ecology, although not a unified approach that can be easily
defined, is a holistic approach to understanding human-environment relations
(Blaikie, 1994). Blaikie and Brookfield (1987, 17) defined political ecology as a
combination of ecology and political economy. Zimmerer (1996) suggests that
political ecology disengages the study of ecology and political economy.
Campbell 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, and socio-cultural
variables at different spatial and temporal scales to fully understand the
relationship betweeq society and the environment. Contrary to Zimmerer's
understanding of the field of political ecology in general, the kite model suggests
that ecology and political economy are interwoven into an inseparable web. In
Section 2.2 it will be argued that the sub-discipline of medical geography has
developed a parallel theory to some of these human-environment theories in the
sub-disciplinary tradition of disease ecology.

This dissertation can be situated within the human environment tradition of
geography but it also has characteristics of the tradition of spatial organization.
The study is spatial because it is interested in the distribution of a phenomenon
(disease) in space and time. 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.
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2.2 Medical geography theory

Analyzing risk of contracting watery diarrheal disease in Bangladesh
requires a conceptual framework that addresses the complexities of biological,
socioeconomic, cultural/ behavioral, and environmental factors over time and
space. A medical geographic theoretical approach that addresses these issues
is disease ecology, which maintains that disease resuilts from a dynamic complex
of variables that coincide in time and space (May, 1958, 1977; Mayer, 1982,
1984; Mayer and Meade, 1994; Meade, 1977; Meade et al., 1988; Learmonth,
1988; Paul, 1985; Pyle, 1977, 1979). Hunter (1974) argues that we must not
have a pathogencentric view of disease, i.e. one that focuses only on the disease
agent. He suggests that our studies of disease "must co-jointly involve pathogen,
host, and environment" (Hunter, 1974, 1). He views environment broadly as
consisting of "diverse physical, biological, social, cultural, and economic
components" (Hunter, 1974, 3). Hunter defines geography as a discipline that
bridges the social and environmental sciences and writes that "its integration and
coherence derive from systems-related analysis of man-environmental
interactions through time and over space" (Hunter, 1974, 3).

This dissertation is intended to demonstrate the value of a medical
geographic approach that is holistic and which includes the integration of many
different types of variables responsible for disease. The types of variables to be
investigated have been classified in many different ways but Mayer's (1986)
classification system is most useful. Mayer differentiated between biological,

socioeconomic, behavioral, and environmental variables. Biological variables are




32

those that describe biological characteristics of the host such as blood type.
Behavioral variables are those that describe individual or group behaviors and
may be related to culture or individual decision making such as what types of
food people eat. Environmental variables are those of the biophysical
environment such as climatic variables. Socioeconomic variables are variables
that affect the coincidence of agent and host such as wealth or class. Different
pattems of socioeconomic, behavioral, and environmental variables result in
different spatial and temporal pattems of disease. Virtually every disease
exhibits spatial and temporal variation and medical geographers attempt to
explain this variation.

The theory of disease ecology fits into both the spatial organization and
human-environment traditions of geography. Different medical geography
studies throughout the history of the sub-field can be classified into all five of
Zimmerer's (1996) ecological traditions in human geography. However, disease
ecology is more specialized than the previously mentioned human-environment
theories in geography because the dependent variable in disease ecology is
always disease. Human-environment intéraction can essentially be viewed as
the cause of disease. The spatial tradition of disease ecology is evident in that
all definitions and studies are interested in the spatial distribution of disease.

A methodological approach which utilizes the theory of disease ecology,
called ecological association analysis, holds that quantitative studies which
associate environmental, physical, and cultural variables can help explain the

spatial and temporal variation of disease occurrence (McGlashan, 1967; Mayer,
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1986). The fundamental question asked using this approach is, "What factors
are associated with the spatio-temporal variation of disease?" Mayer states that
"the term ecological association implies the existence of specific links between
the environment and both individuals and groups” and that "in the context of

medical geography, the focus is on those relationships which are consequential

in disease pathogenesis" (Mayer, 1986, 66). He also states that "in ecological
analysis, the emphasis is therefore on the complex set of interactions between
people and their environment" (Mayer, 1986, 66).

The method of ecological association is best used within a theoretical
approach such as disease ecology. Mayer (1986) addresses one of the main
challenges of ecological association analysis, which is the possibility of spurious
correlation.

"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 accomplished in the absence of a theoretical
framework, or a logical association, between the
disease and the environment. Correlation between
the disease, and a host of related independent
variables, may be so spurious as to defy the formation
of meaningful causal hypotheses. For example, there
is a very strong correlation between multiple sclerosis
prevalence and annual per capita steel consumption,
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” (Mayer, 1986, 66).

Several researchers have also identified the ecological fallacy as a serious
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problem in many aggregate-level ecological association studies (Mayer, 1982;
King, 1979). The ecological fallacy states that conclusions made at the
aggregate level (e.g., county, state, national) are not always true at the individual
level. For example, if an association is found between cancer and smoking when
grouped by county, one cannot 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 to determine
whether it is correct. Mayer (1982) suggests that individual-level case-control*
studies should be conducted to alleviate this problem. To date, very few medical
geography studies have been done at the individual level because these data are
expensive to collect and thus seldom available.

Past disease ecology and ecological association analysis studies have
ranged from speculative studies to multivariate explanatory studies. Jacques
May wrote (1958) several voluminous descriptive studies of the ecology of many
infectious diseases including brucellosis, poliomyelitis, tuberculosis, and leprosy.
These studies are recognized as the formal beginning of the disease ecology
tradition but have been criticized as being atheoretical and overly idiographic.
Burkitt (1962) described the existence of a "lymphoma belt" straddling the
equator where a childhood cancer occurred (later named Burkitt's Lymphoma).
He found that this cancer only occurred in specific locations. Roundy (1976)

identified associations between disease and altitude in Ethiopia. Kloos (1985)

4 Discussed in Chapter 3.3.2 of this dissertation.
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found that schistosomiasis in the Awash valley in Ethiopia is associated with
migrant labor. Hunter (1982, 1992) brought attention to associations between
irigation projects and infectious disease throughout the tropical world and called
for health policy considerations when development projects are implemented.

While much of the disease ecology literature has been devoted to
infectious diseases especially in the developing world, the approach has also
been used for diseases in the developed world. Hunter (1976, 1977) described 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, 1980) used a GIS to analyze the
spatial characteristics of cancer mortality in Pennsylvania.

Since the inception of disease ecology and ecological association, greater
attention has been paid to temporal patterns, spatial scale, and statistical
methods. Studies should always have a temporal dimension because temporal
changes in biological, socioeconomic, behavioral, and environmental variables
affect how agents and hosts come into contact with one another. Disease
associations at one spatial scale may not be present at other spatial scales.
Therefore, multi-scale studies should be conducted whenever possible. The use
of a GIS makes spatial analysis methods more efficient and accurate. Also, the
interface between GISs and statistical methods has recently begun to be
explored. A few of the studies in the literature reviewed above utilized a GIS to

analyze their data and many have used statistics.
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This dissertation is informed by a holistic disease ecology that views the
human-environment dyad as inseparable. It is the author's view that the kite
model's inclusion of political, economic, environmental, and socio-cultural
variables at different spatial and temporal scales is needed to understand the
disease ecology of a particular place. However, this study only begins to fulfill
these requirements. The study is done at only one spatial scale and does not
investigate political causes of diarrheal disease. However, understanding the
political and economic context is necessary to fully explain the disease ecology
of a particular disease. Mayer (1997) recently argued that "because the political
ecological framework is very powerful in focusing attention on the interaction
between political interests, social institutions, and human-environment
interaction, it has great potential in leading to a greater systematic understanding
of health and disease. Thus, in order to have a complete understanding of
diartheal diseases in rural Bangladesh, it is necessary to do further research on
the political and social institutions involved in the ecology of these diseases.

Complex diseases such as cholera and non-cholera watery diarrhea
require a pluralistic methodological approach to ensure complete understanding.
Richard Norgaard wrote, "science only gives insights into complex issues”
(1989: 52). He criticizes traditional positivistic methods, of which ecological
association analysis is a part, because they assume:

o methods of understanding are independent of culture;
o reality is independent of methods of understanding;

¢ reality can be understood in terms of universal laws; and



37

o reality can be understood through one set of universal laws.

Norgaard, however, goes on to say that "logical positivism is necessary because
modern people perceive science in terms of objective, universal truths" and that
"it is clearly too early to limit methodologies" (page 51). In essence he argues for
methodological pluralism, which means we need to use muitiple methods to
solve research problems. He also warned that “pluralism will lead to multiple
answers to complex issues" but that "it is easy to suffer the delusion that the
insight of a particular method is the answer when no other methods have been
tried to provide other insights” (page 52). Lastly, he wrote that "multiple insights
of muitiple methods constantly remind us of the complexity of social and
ecological systems and the difficulties of taking action" (page 52). This study is
an attempt to tap into the complexity of diarrheal disease by using different types
of statistical methods appropriate for many different types of data, disease
mapping techniques, and GIS tools.

The sub-field of medical geography is presently in a state of turmoil.
Kearns (1993) sparked a debate, which is played out in journal articles, rebuttals,
and conferences, by arguing that medical geography has a preoccupation with
the spatial relationships between individuals, places, and institutions rather than
with health-related characteristics of place. This may be true of the sub-
discipline, however others have taken this argument further and argued that
medical geography should be a sub-field of social geography and medical
geographers should specialize in social theory as it relates to disease. Kearns

argued that medical geography should renew its focus on the context of
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"experienced place rather than its catalogued characteristics" (page 140). Some
of the calls to change medical geography are calls to narrow the field of study to
understanding social phenomena through qualitative methods. A more narrow
medical geography will certainly hinder understanding of complex diseases such
as diarrheal disease. Social theory and qualitative methods, however, are key
elements to understanding diseases; these types of studies should be welcomed
and used in conjunction with positivistic studies. The more holistic studies are
and the greater the methodological pluralism used, the better the understanding
of diseases will be in the future.

This debate is not isolated within medical geography. Many people are
calling for a paradigmatic shift within the entire field of geography. The post-
modem debate has included many people who are calling for a shift to
geography as a field of social theory and qualitative methods (Dear, 1994). The
author contends that narrowing the field of geography in both theory and
methods will limit our understanding of complex phenomena and that theoretical
holism and methodological pluralism should be embraced. To increase our
understanding of complex phenomena such as diarrheal disease it is necessary
to expand the theoretical holism of disease ecology and practice methodological
pluralism when doing this type of research. This will enhance our understanding
of not only diarrheal disease in rural Bangladesh, but also the ecology of
diseases throughout the worid.

The following chapter describes the specific methods that were used to
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investigate the disease ecology of diarrheal disease in Bangladesh.



3. Methods: specific research questions, data sources, and

analytical methods

3.1 Specific research questions

This research project measured whether there were differences in spatial
and temporal pattems and risk factors between cholera and non-cholera watery

diarrhea. The following questions were addressed:

¢ What are the spatial and temporal patterns of these two disease categories?

¢ What are the similarities and differences between the spatial and temporal
patterns of the two diseases?

¢ What are the biological, socioeconomic, cultural/behavioral, and
environmental variables (risk factors) responsible for occurrence of cholera
and non-cholera watery diarrhea?

¢ To what degree are the risk factors for these two diseases similar or different?

3.2 Data sources and collection methods

A number of data sources were utilized and many data collection methods

were employed in this study. They included:

¢ Creation of a computerized spatial database of the study area.

o Collection of diarrheal disease data (dependent variables) from hospital
records.

¢ Collection of primary data for independent variables hypothesized to be

related to diarrheal disease by administering a questionnaire to diarrheal
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disease patients and people from the community who did not contract the
diseases (control group).

Collection of secondary data from the ICDDR,B Demographic Surveillance
System records and community health worker record books.

Administration of a survey to collect primary data on the distribution of latrines
and tubewells in the study area. This was done for the entire study area, not
only for study participant households.

Spatial calculations such as distance measures were done to construct new

variables by using the Matlab GIS database.

These data collection methods are each discussed in further detail in sections
3.2.1 through 3.2.8.

3.2.1 Creation of the study area geographic information system database

A geographic information system database was needed in order to be able

to model the spatial patterns of the study diseases as well as to allow several of

the independent variables to be measured by performing spatial calculations.

The spatial database was created in the following stages.

1.
2.

4,

5.

Assessment of base map accuracy.

Identification of individual baris on base maps.

Digitization, spatial editing, edgematching adjacent maps, and projection of
base maps.

Update of baris missing from the GIS database.

Accuracy assessment of GIS database bari locations.

Each of these stages is discussed in greater detail below.
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Base map accuracy assessment
In 1992, the ICDDR,B contracted the Bangladesh Space Research and

Remote Sensing Organization (SPARRSO) to map the Matlab study area. They
took air photos from which they mapped the area in six 1:10,000 scale maps.
The map features included baris, rivers, large ponds, roads, educational
institutions, and the flood control embankment. Since it is impossible to
distinguish between baris in air photos, field workers were hired to determine
which clusters of households on the air photos were baris. The resulting maps
included all of the bar locations in the study area but they were not individually
identified. In other words, there were over 7000 points on the base maps that
represented bar's but it was impossible to know which people lived in each bar
without having field workers visit each of them.

An accuracy assessment of the maps was conducted in January 1993 by
the author of this dissertation. Several prominent features such as road
intersections and the hospital were digitized from hardcopy SPOT Panchromatic
satellite images. The same features were digitized from the base maps and their
locations were compared. This preliminary accuracy assessment determined
that the sample of features on the base maps were accurate enough to pursue
their use in building a ban-level GIS database. The base maps were considered
accurate because the majority of the digitized features from the two sources were

within approximately 50 meters of each other.
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Identification of individual baris on base maps
The initial ground-truthing exercise implemented by SPARRSO identified

which clusters of households on the base maps formed individual baris. The
ICDDR,B Demographic Surveillance System (DSS) maintains a census of all
individuals in the Matlab study area. Approximately 200,000 individuals live
within the more than 7000 baris of the 142 village study area. A village is a
group of contiguous baris and is not a political unit. Village boundaries are
sometimes the same as the lowest-level administrative unit called the mouza, but
sometimes there are several villages in a mouza. Each individual has a unique
identification number that is correlated with her/his bari residence. The ICDDR,B
employs 120 field workers who regularly collect demographic, socioeconomic,
and health data from the study population. Each field worker is responsible for
data collection in a specific geographic area. Thus, they know the area and the
families living in their area very well. These field workers identified the location of
each of the more than 7000 baris on the base maps so that each of the ban
location points could be assigned a unique identification number. The field
workers went into the field with photocopies of base maps and comprehensive
lists of the baris they were supposed to identify. They wrote the bari codes on
the photocopied maps. These maps were collected and the identification
numbers were then written on the original base maps that were to be digitized.
The entire identification process was completed in approximately four months

from February to May 1993.
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Digitization, spatial editing, edgematching adjacent maps, and projection of base
maps

After the field workers identified the locations of individual baris, the six
base maps were digitized in Arcinfo. Features that were digitized included each
of the baris, their six digit, ban identification numbers, rivers, health facilities, and
the flood-control embankment. After the six base maps were digitized they were
edited, edgematched, and projected. In addition, since the course of the Meghna
River in the southwest of the study area is constantly changing due to bank
erosion, satellite imagery was used to update the river bank location. Digital,
Landsat TM imagery was overlayed with the digitized maps and the river features
were redrawn based on the more recent data. The entire digitizing process was

completed in approximately four months from June to September 1993.

Accuracy assessment of bari locations and institution of an updated system

Once the entire GIS database was created, a stratified random sample of
100 baris was selected for a differential, global positioning system (GPS),
accuracy assessment. The study area was divided into ten quadrants within
which 10 baris were randomly selected from all of the baris within the quadrants.
The locations were then identified using handheld Magellan GPS receivers.
Differential GPS has a measurement accuracy of approximately five meters.
This required that two GPS receivers be used and that differential values be
calculated using post-processing software. The accuracy assessment showed

that the average difference between the bari locations in the digitized maps and
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the GPS measurements was approximately 24 meters. This assessment
indicates that the database was very accurate. Therefore, spatial analysis of the
data was deemed to be feasible.

Since the fieldwork for the GIS database creation was completed in May
1993, new baris that formed beyond that date needed to be added to the spatial
database for use in the 1996 dissertation data collection survey. In May 1993
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