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Molecular epidemiology of human and environmental
enterobacteriaceae in rural Bangladesh.

Dr. K. S. Anwar

Abstract

Emergence of antibacterial resistance among pathogenic enterobacteriaceae
is a world wide growing problem, particularly in tropical countries like
Bangladesh where diarrhoea outbreaks are major public health threats. To
study the molecular epidemiology and the spread of multiresistant bacteria
both in the environment and community is very important. This study has
utilised molecular techniques (plasmid extraction and their restriction digest
patterns) to study the epidemiology and spread of multiresistant coliform
bacteria in two villages Matipara and Salimpur in a rural district of Rajbari,
Bangladesh.

A total number of 117 samples (71 faecal samples (FS), 33 water samples
from storage pot (kulshi-KW) and 13 from tubewell (TW) samples were
studied. The overall rate of isolation of Lactose Fermenting Coliforms (LFC)
was 77% (90 of 117): 94% were from FS and 62% from KW samples. None
of the TW samples from Salimpur and only 2 from Matipara yeilded LFCs.

The prevalence of antimicrobial resistance was high among the LFC isolates
from both areas. The result of individually resistant antibacterials showed that
overall resistance to tetracycline (Tc) was the highest (94%), followed by
ampicillin (Am) and trimethoprim (Tm) by 85% each. Prevalence of
resistance to chloramphenicol was significantly higher among Salimpur (46 %)
than Matipara (17%) isolates [X*=19.57, p=0.001). No isolate was resistant
to nalidixic acid.78% LFC isolates from both areas were resistant to three or
more antibacterials. Resistance Pattern ‘/RRRSS’ (resistance to Am, Tc and Tm)
was common. These ‘RRRSS’ were commonly observed among all types of
human (faeces) and environental (kulshi water) samples and were prevalent in
each and every household studied (except for 1). In-vitro conjugation
experiment showed that these ‘'RRRSS’ were carried most commonly by the
98MDa plasmids, but restriction endonuclease pattern of these corresponding
98MDa transconjugant plasmids revealed that these were not identical when
digested with Hindlll.

It is evident from the results (bacteriological and molecular data) that a wide
range of multiply resistant coliform is circulating in these villages. It was also
observed that common isolates, as defined by plasmid profiling, circulate
between adjacant households in a bari (cluster of few households) and
between different baris in this rural community. Tubewell water does not seem
to play a role in the spread of these bacteria. Contamination of stored water
by faecal bacteria, probably due to lack of personal/ domestic hygiene (via
dirty hands or utensils) appears to be the major route of transmission.

The findings of this study suggest that plasmid fingerprinting is a useful
molecular -epidemiological tool for studying the epidemiology and spread of
enteric bacteria.This technique is suitable for developing countries where other
sophisticated molecular methods are not affordable due to limited resources,
lack of trainned manpower and financial constrains.Further research is needed
to describe the epidemiology and spread of diarrhoeal diseases in more details.
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INTRODUCTION AND BACKGROUND



1.1 INTRODUCTION :

Diarrhoeal diseases have been a major killer throughout human history
(Pollitzer, 1959, Monsur, 1983, Rabbani, 1993, Briscoe, 1978), and, remain

as a major cause of morbidity and mortality (Sunoto, 1982).

They are the highest cause of childhood deaths in many developing countries
(Shears, 1995¢, Sunato, 1982, Islam, 1984, Rhode, 1984). Younger children
suffer from diarrhoea at least 10 times, in their first few years of life (Black,
1982a, Guerrant 1983), It claims the lives of millions of children every year
(Grant, 1990, Chowdhury, 1989, Rhode, 1984), which WHO estimated as five

million annual deaths (Giorgio, 1988).

Like other developing countries, diarrhoeal diseases still persist as one of the
most important public health hazards in Bangladesh, inspite of the
government’s commitment and towards achieving the WHO’s common
declaration ‘Health for All by the year 2000’ (NurunNabi, 1994, Rahman KM,
1993, National Health Policy, 1991). Epidemiological findings from various
community based studies and hospital surveillance have showed that
diarrhoeal illness, alone, is responsible for 20-30% of all deaths in the
Bangladeshi population (Chowdhury, 1988, Chen,1980).

In 1994, the Executive Director of UNICEF, Dr.JP Grant estimated, that, at the
present rate, more than 1.5 million young Bangladeshi children will die from
diarrhoeal diseases before the turn of the century. "Such statistics serve as a
grim, and humbling remainder, that an enormous gap still exists between our

knowledge and actual practice” (Grant, 1994).

Different species of family Enterobacteriaceae are responsible for causing
diarrhoeal diseases. Enteric bacterial infections causing diarrhoea, dysentery
and enteric fevers are important health problems throughout the world. Most
common enteric bacterial pathogens are: enterotoxigenic Escherichia coli, V.
cholerae, Shigella spp., Campylobacter jejuni, Salmonella typhi, and non-
typhoid sa/monellae (Levine, 1983a, Sunoto, 1982).



Environmental pollution and water-sanitation in causing diarrhoeal diseases
have been proved by many community based studies, all over the world. It is
evident from the literature that this problem is even more grave in low socio-
economic countries like Bangladesh (Briscoe, 1978, 1984, Hoque, 1991,
Henry, 1990,b,c, Shears, 1995b).

Emergence of antibacterial resistance among various pathogenic enteric
bacteria is a growing problem in the tropical belt, particularly, in countries like
Bangladesh, where diarrhoea outbreaks are a major public health threat.
Indiscriminate use of antimicrobial agents are said to be one of the major
causes for this resistance. Though ORS (oral rehydration salt soluton) remains
the main stay in the treatment of acute watery diarrhoea, antibacterial therapy
often becomes crucial. So, it becomes difficult to treat such cases if the
targeted bacteria are resistant, since there are a few laboratories in Bangladesh
where culture and sensetivity testing could be done. Thus it leads to ultimate

maltreatment by prescribing antibiotics blindly.

To adopt effective control measure it is important that the epidemiology of the
spread of resistant bacteria in the environment and among communities is
studied. Several reports, showed that molecular epidemiological typing system
have successfully been applied in the ;utbreak investigations and/or studying
the epidemiology of diarrhoeal diseases (Hawkey, 1989, Pfaller, 1991,
Crichton, 1996).

Scarcityin molecular-epidemiological study on enterobacteriaceae is apotential
draw back in the public health sector of Bangladesh. None of the components
of molecular typings are included in the National Diarrhoeal Disease Control
(and surveillance) program of Bangladesh. Therefore, this study ‘Molecular
epidemiology of enterobacteriaceae, among the human/environmentalisolates’

was conducted, using lactose fermenting coliforms, as a marker.

The findings of this study would help the public health authorities of
Bangladesh in recognizing the spread of multi-resistant strains of various
diarrhoeagenic pathogens which ultimately would be helpful in planning short

and long term strategies against diarroeal diseases in Bangladesh.



1.2 AIMS AND OBJECTIVES :

OBJECTIVES :

To study the prevalence of antimicrobial resistance among lactose fermenting
coilforms collected from human and environmental sources, and employing
plasmid fingerprinting, to determine the spread of multi-resistant strains among

the households of two villages in rural Bangladesh.

SPECIFIC AIMVS :

1. To study the culture morphology of lactose fermenting coliform (LFC)

bacteria and to determine their resistance pattern

2. To perform plasmid extraction from multiresistant LFC isolates

3. To perform in-vitro conjugation experiment to see whether the

multiresistance were carried by these plasmid

4. To determine whether certain plasmid of apparently same sizes were

identical or different, employing restriction endonuclease analysis.

5. Using plasmid profiles to trace out the spread of multiresistant

coliforms in the study areas (Matipara village and Salimpur island).



1.3 BACKGROUND :

1.3.1. MAGNITUDE OF DIARRHOEAL DISEASES IN BANGLADESH :

Diarrhoeal diseases have been prevalent in Bangladesh since historical time
(Monsur, 1983, Siddique 1992). The International Centre for Diarhoeal Disease
Research, Bangladesh (ICDDRB) recorded a 10 fold increase in the number of
diarrhoea cases due to shigellosis between 1969 to 1981 (Khan,1985). It is
more prevalent in rural areas/ islands/ coastal regions of the country than the
urban ones (Quamrul, 1991, Khan, 1975, Siddique, 1988).

In 1983, a report from a government survey in Bangladesh showed that at
least 200,000 children die annually in the country due to diarrhoeal diseases,

which could always be prevented (Khan and Das, 1983).

Like other countries, diarrhoeal diseases and acute respiratory Infection
together account for the majority of childhood deaths in Bangladesh (Rahman,
M, 1990, Hossain, 1986). At the ICDDR,B hospital alone, approximately 700
children die from diarrhoeal iliness every year. The situation is even more grave

(900 deaths) in their Matlab rural diarrhoea treatment centre (Bennish, 1993).

The following sections of 1.1.1 through 1.1.3 provide detailed information on
certain geographical and environmental factors which contribute in causing

diarrhoeal diseases in Bangladesh.

I.3.2 GEOGRAPHICAL LOCATION AND DIARRHOEAL DISEASES
IN BANGLADESH:

Geographical characteristics and Topographical aspects of Bangladesh are two
of the major factors for causing repeated diarrhoeal diseases outbreaks in the
country. Bangladesh is situated on the South East Asian Tropical belt, a low
lying riverine land with a Monsoon climate (Becker, 1986, Hossain, 1990). It
is surrounded by India, another diarrhoea prone country in the region (Map of

Bangladesh: vide page 6).
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Being one of the smallest countries in the world Bangladesh has to bear a very
high population density (110 X 10° people living in 143,498 Sq.Km.area:
World Popul. data sheet, 1992, Bangladesh Bureau of Statistics, 1994). In
addition to the ecological factors and environmental situation, the effect of
densely populated communities are reported to be other triggering factors for
diarrhoeal disease epidemics in the country round the year (Siddique, 1990,
1992, Hossain, 1990, Khan, 1979).

The Southern parts of Bangladesh are more prone to cholera epidemics. A
possible explanation to this may be the change in ecological niche (solil
erosion, flood, adverse effects of Farakka barrage on Indian part of the
Ganges, leading to drastic change in alternate summer/ winter season hydro-
dynamics) and, thus, fluctuations in salinity in estuaries (Hug, 1984) in that
region (Siddique, 1991b).

.3.3 SOCIO-ECONOMIC ASPECTS AND DIARRHOEAL DISEASES
IN BANGLADESH:

Higher mortality rates are observed in poorer communities (Mosley, 1979,
Siddique, 1988) and in malnourished children (WHO, 1979, Black, 1984,
1982a). In a 10 years survey on shigellosis in coastal inhabitants of Teknaf,
Bangladesh, it was found that malnutrition and poor resistance was related to
higher death rates among the children of lower socio-economic families
(Hossain, 1990).

Socio-cultural aspects are thought to be related to diarrhoeal disease outbreaks
in Bangladesh. These include: 1) Lack of proper sanitation (use of
open/hanging latrines, unsafe excreta disposal, lack of drainage/sewerage
systems); 2) polluted environment (poor access to safe drinking water,
inadequate hand washing practices, etc); and 3) ignorance to food hygiene/
dietary practices (eating unwashed fruits/ vegetables, consuming ‘Panta’ -a
sort of cooked rice left in water overnight and refusing tubewell water to drink

due to it’s high iron content) (Rahman, 1993, Faruque, 1991, Anwar, 1993).

Studies have shown that low socio-economic communities like Bangladesh

(agronomy based country) with the current GDP growth rate of 4.7 % and per

7



capita income of US 253 (Macro-economic indicators, Bangladesh Economic
Review, Jun, 1995) has a linear relationship with the higher diarrhoeal
morbidity and mortality. In a study to analyze ‘why cholera still takes lives in
rural Bangladesh’ Siddique et al found that the proportions of high income
groups of survivors was significantly higher (p=0.00001) than fatal victims
(Siddique, 1988). The said observation is consistent with the earlier findings
of a study where higher hospitalization rates were observed among the higher

income groups of people (Islam, 1984).

MU Khan in a study found that shigellosis was higher in poorer communities
with low monthly incomes, poor housing, inadequate sanitation and over
crowding (Khan, 1979). Earlier, he reported similar observations in peri-urban
families of Dhaka city (Khan, 1968). Boyce et al, however, could not reveal
such relationships of shigellosis with the socio-economic status of the patients

or their family (Boyce, 1982).

I.3.4 NATURAL DISASTERS AND DIARRHOEAL DISEASES
IN BANGLADESH:

Natural disasters are reported as important predisposing factors for diarrhoea
outbreaks (Shears, 1991, Razzaque, 1990). They occur repeatedly in
Bangladesh (Bern, 1993). Cholera often follows cyclones (Siddique, 1987,
1989b) and/or floods (Ahmed, 1989, Siddique, 1991a) in Bangladesh,
especially in the coastal districts (Hoque, 1993a).

During a post-flood diarrhoeal outbreak in northern Bangladesh an increased
prevalence of diarrhoea was observed in low lying areas, where water
remained stagnant and people consumed either ‘Panta’ or had to eat uncooked
or less cooked water plants (Anwar, 1993). Similar findings were reported by
an epidemic surveillance team of Bangladesh Government during the 1993
cholera outbreak with V.cholerae 0139 Bengal (Rahman, KM, 1993).

Floods and heavy rainfall are considered to be sources of environmental

8



pollution with faecal bacteria and other enteric pathogens in Bangladesh.
Major adverse effects of floods was observed by Hoque et a/ on the use and
condition of pit latrines in rural Bangladesh (Hoque, 1989a) leading to
diarrhoea outbreaks as the consequence.In another study, a heavy downpour
(lasting for >24 hrs) inundating the premises, septic tanks and water
reservoirs were reported to be the reason for a cholera outbreak in a large

Catholic hospital in Dhaka city (Quamrul, 1991).

I.3.5 EPIDEMIOLOGY OF DIARRHOEAL DISEASES :

It is important to know the epidemiology of diarrhoeal diseases in order to
adopt long term prevention and effective control program. Sections 1.2.1

through 1.2.5 describe different aspects of diarrhoeal disease epidemiology.

I.3. 5.1 ROUTES OF TRANSMISSION OF DIARRHOEAL DISEASES :

The most common route of transmission for diarrhoeal diseases is oro-faecal.
Food borne outbreaks of shigellosis (Taylor, 1991, Black, 1982b, Hug, 1980a),
salmonellosis (Taylor, 1982a), cholera (Henry, 1990a, Feacham, 1984, 1982,
1981) and E. coli diarrhoea (Black, 1981a) are documented. Salmonella food
poisoning were reported from Matlab rural community in Bangladesh (Yunus,
1984). Earlier, Robinson reported a milk borne diarrhoea outbreak with C.jejuni
(Robinson, 1981).

Except a single report on nosocomial outbreak of cholera in rural Bangladesh
(Ryder, 1986), V. cholerae 01 Classical and £/ tor, and the newly identified V.
cholerae 0139 Bengal, were reported to be transmitted through personal
contacts (Mhalu, 1984) and through water and food (Levine, 1976c, Henry,
1990a,b).

The spread from person-to-person via surface and storage pot water is likely
to play an important role in the transmission of enteric pathogen (Shears,
1995b).



A study by Levine did not establish any role of person-to-person transmission
of enterotoxigenic E. coli diarrhoea despite close contact in a village
community in Bangladesh (Levine, 1980). On the contrary, Robert et al

reported a direct person -to-person contact of infantile diarrhoea (Black, 1 989).

I.3.5.2 ROLE OF ENVIRONMENT IN TRANSMITTING DIARRHOEAL
PATHOGENS IN DEVELOPING COUNTRIES:

Environment plays an important role in the transmission of enteric pathogens
(Shears, 1995a,b, Khalil, 1994). Food, water, insects, domestic animals and
human are known reservoirs for many common enteric pathogens (Black,
1980). Data from a prospective study in Malawi revealed that improved
sanitation reduced diarrhoeal incidence. It was concluded that improved water
supply and sanitation together can ensure a minimum 20% decrease in
diarrhoea (Young, 1987).

In an urban slum in Bangladesh, soiled ‘Saries’ (the usual traditional house
dress of Bangladeshi women), were reported to be a potential vector in
transmitting diarrhoeal pathogens (Stanton, 1986). Campylobacters and
aeromonas species were found from various household belongings and
environmental sources (Henry, 1990b, Chowdhury, 1993). The findings of a
case-control study among Nigerian children showed a positive correlation of
poor food hygiene/ behaviour with increased cases of diarrhoea (Ekanem,
1991). This finding is consistent with a study in Huascar, Peru where raw
foods (cereals and dairy products and meat) were found frequently
contaminated with E. coli, salmonella, A. hydrophilia, and V. cholera O1.
However, B. cereus, campylobacters and shigella spp. were not isolated from
those products (Black, 1989).

Weaning foods were also reported to be contaminated with £.coli to cause
infantile diarrhoea in younger children in Bangladesh (Black, 1982b, Henry,
1990a), Gambia (Rowland, 1978) and Peru (Black, 1989). Black et al showed
that 41% of samples of food (milk, porridge, cooked rice etc.) items fed to
weaning aged children in rural Bangladesh were contaminated with £E.coli,
including the drinking water; but coliform colony count were 10 fold lower in

water than the food (Black, 1982b). Two years later, Black et al concluded,

10



after another study, that intervention to interrupt transmission of enteric
pathogens could result from safe disposal of human faeces and protection of

water supplies from being contaminated (Black, 1984).

I. 3. 5.3 HOUSE FLIES AS A VECTOR IN TRANSMITTING
DIARRHOEAL PATHOGENS

House flies (Musca domestica) are an indicator of poor environmental
conditions in a particular community and it’s surrounding environment (Wolff,
1969). House flies are reported to be a vector of transmission of diarrhoeal
disease pathogens by a large number of studies throughout the world (Cohen,
1991): from Thailand (Echeverria, 1983), Bangladesh (Khan, 1978), and
Pakistan (Khalil, 1994).

Flies are potential vectors of Campylobacter featus sub sp.jejuni (Rosef, 1978)
and shigellosis (Cohen, 1991, Dupont, 1989). More recently, Khalil et al
(1994) reported that salmonella, campylobacters, enterotoxigenic E.coli were
frequently isolated in flies and water in urban hospital and peri-urban slums in

Pakistan.

In 1969, an historical review was published on the role of house flies in
transmitting diarrhoeal diseases by Wolff et al. He stated that, in 1915 Flu first
isolated V. cholerae from flies, though before that Fliige in 1893, and
Buchanan in 1897, gave some indications that flies were the transmitters of
cholera. In 1909, Faichma showed a correlation between M. doemstica and
enteric fever, while in 1942, Ostalenk and Welch demonstrated, that, flies
remain infected with S. enteritidis upto 4 weeks (Wolff, 1969). Wolff et al
further stated that Bahr and Camb in 1914 (and Hewitt, as well) showed the
epidemiological importance of flies in the transmission of dysentery which was
further supported by the findings of Kuhas and Anderson in 1944 when he
observed an co-incidence of flies and dysentery outbreak in a military camp
(Wolff, 1969).

Later, during mid 50s, a group of investigators (Lindsay, Wattand and Stewart)
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showed that the incidence of shigellosis could be lowered by reducing the
density of house flies by using DDT treatment. However, a few years after, the
same group came to conclusion that the availability of water is a more
important factor in the etiology of diarrhoeal diseases than the presence of
flies (Stewart, 1955). Similar results were achieved by Wolff et al in 1968
when he failed to establish any correlation between house fly and diarrhoeal
cases (Wolff, 1969).

Thus, although an indicator of poor hygiene, the role of flies as direct

transmitters of diarrhoeal pathogens is debateing.

. 3. 5.4 WATER-SANITATION AND DIARRHOEAL DISEASES :

Among the developing countries of tropical belt the role of poor water supplies

and inadequate sanitation in increased diarrhoeal diseases is well documented.

Structural educational intervention to alter water- sanitation behaviour of slum
dwellers of urban Dhaka, Bangladesh was found successful in reducing
childhood diarrhoea (Aziz, 1990, Clemens, 1987, Stanton, 1987). Earlier, the
findings of a similar experiment by Khan et al supported this observation, too
(Khan, 1984c). However, later, Zahid et a/ failed to reproduce any obvious
benefit of water-sanitationintervention to improve nutritional status among the

children suffering from diarrhoea (Hasan, 1989).

The aquatic environment of Bangladesh has been found to be a reservoir of V.
cholerae (Islam, 1993a). Toxigenicity and seasonality of V.cholerae from
different component of pond eco-system (Islam, 1992) and the positive role
of soil in that phenomenon were studied by Khan et a/ (1990). Plesiomonas
shigelloids and aeromonas were recovered from those aquatic sources, too
(Akhtar, 1987). The said ecological relationships of zoo-plankton with V.
cholerae and A. hydrophilia were also reported by other investigators (Islam,
1993b, Hug, 1983, Khan, 1981). And, according to a more recent report co-
existence of V. cholerae 01 and non-01 (0139 Bengal) in crustacean copepods
in Matlab was proved (Huq, 1995).

E. coli and other coliform bacteria were isolated from river sediments, fishes
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and other aquatic elements (Islam, 1992, 1993a, 1993b, Aziz, 1986).

Henry et al commented that though the key role of improved sanitation &
hygiene in the control of diarrhoeal diseases is recognized, the most effective
strategy to interrupt the transmission of diarrhoeal pathogen is still not clear
(Henry, 1990c).

Chowdhury et a/ found a pond of a children hospital in Dhaka city was not
only polluted with faecal coliforms but abundant bacteria like aeromonnas
spp., V. cholerae non-01, V. mimicus and B. subtilis were recovered
(Chowdhury MAR, 1986). Levine et al (1976b) also reported a cholera

transmission near a cholera hospital, earlier.

Preliminary findings of an on-going project on water quality aspects of an
embankment showed negative impact of the dam on total community health.
The results further showed that the prevalence of diarrhoea among the families
living in areas inside the embankment was higher than the families living
outsides, because the pond water inside the embankment was significantly

more polluted than the pond outside (Hoque, 1993e).

I.3. 5.5 HAND WASHING PRACTICES AND DIARRHOEAL DISEASES :

Several reports proved that hand washing could reduce diarrhoeal diseases
significantly [shigellosis (Khan, 1982a); infantile diarrhoea (Clemans, 1987)
and cholera (Rabbani, 1993)]. In a study on 1-10 yrs urban slum children
(n=542)it was found that use of non-piped water/ presence of surface water,
unsanitary disposal of children’s faeces and inadequate hand washing, were

found significantly associated with shigella dysentery (Hoque, 1993b).

To determine and distinguish the importance of water borne (through drinking

water) and water washed (person-to-person contact) transmission of diarrhoea
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Henry et al (1990b) compared the degree of contamination of these two
models of transmission through childerns’ hands and drinking water with the
diarrhoeal morbidity. The result of this study strongly suggested that the
promotion of hand washing is important as a method of controlling diarrhoeal
diseases and the issue of quantity of water compared to it’s quality in more

important by implication.

The preliminary findings of a more recent study by the UNICEF and ICDDR, B
(International Centre for Diarrhoeal Disease Research, Bangladesh) suggested
that hands were heavily contaminated with faecal bacteria even after the usual
post-defecation hand washing practices (Hoque, 1993b,d). Findings from last
outbreak in India and Bangladesh reported that 3.9% of the finger-washed of
the family members of victims had V. cholerae 0139 Bengal (Rabbani, 1993).
This may be due to improper hand washing practices after daefecation or after

caring/ nursing the cholera patients.

I. 3. 5.6 ROLE OF DRINKING/ USING WATER IN DIARRHOEAL DISEASES:

To evaluate the role of environmental sanitation between two levels of water
supply and sanitation service a case-control study in Malawi showed that
faecal coliform counts were higher (500 colonies/ 100ml) in unprotected wells
than the piped water (50 colonies/ 100ml). It was shown that children living
in families with good quality water and provision of latrines experience 20%

less diarrhoea (Young, 1987).

It has been established by Khan et a/ in a study in 1984 that traditional water
purification practice in the Indian Sub-continent by mixing a pinch of Alum-
Potash (Al,(SO,); + K,(SO,) in each pitcher of household water decreased
secondary infection rates of cholera outbreaks (Khan, 1984a, Ahmed, 1984).

The transmission of cholera in Bangladesh was reported to be associated with
surface water contaminated with V. cholerae (Gangarosa, 1974) which might
have followed the arrival of infected persons (MacCormack, 1969). In a study
in 1976, when Levine et a/ hypothesised that cholera is primarily water borne

in Bangladesh (Levine, 1976c¢c), Feacham et a/ disagreed with that. Feacham
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reported that cholera is more likely to spread by indirect faecal oral contacts
through contaminated foods but not water. This transmission cycle is more
complex; water actually serves as an inoculum for another sources viz: food

in which organism multiplies (Feacham, 1976).

The failure of tubewells to reduce the incidence of cholera and other diarrhoeal
diseases in Bangladesh led many reviewers (Levine, 1976a, Curlin,
1977,Feacham, 1976, 1982, Briscoe, 1978, Huges, 1982) to debate on

whether water is the primary source of transmission (Henry, 1990c).

Four studies on the impact of tube well on incidence of cholera have been
conducted in rural Matlab, Bangladesh (Levin 1976a). All those 4 studies
(Khan, 1977, Levine, 1976, Sommer,1972 Curlin, 1977; as cited by Spira et
al, 1980) failed to produce any difference in El tor cholera rates between the

tubewell users and non-users (Spira, 1980).

According to Sommer et al protected water supplies (tube well) in rural East
Bengal could not prohibit the spread of classical Inaba and El tor Ogawa
cholera (Sommer, 1972). Spira et a/ explained it thus ‘the small amount of
protection afforded by drinking bacteriologically safe tubewell water may have
been overwhelmed by the exposure to polluted surface water through bathing,

food preparations and washing utensils (Spira et a/, 1980).

The results of several studies showed that tube well water was not
contaminated with V. cholerae while the surface water was highly
contaminated. Such contamination of household water occurred when it was
drawn from a contaminated source, and that it was not through the exposure
to an infection (with finger tips, utensils, etc.) after it was brought into the
house (Spira, 1980, Briscoe et al (1978, 1984).

The quality of water at the point or source (piped and/or borehole) was
significantly better than the quality of water kept in storage pots (jars with
handle covered with a cup) (Young, 1987). Water from the Nile and from zir
(storage pots) was found to be contaminated with enteric bacteria (Laila el
Attar, 1982). This findings are supported by a latest report from a study
showed that tubewell provided good drinking quality but in 62% cases this
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water became contaminated within storage pots prior to consumption (Shears,
1995b,d). Earlier this was further evidenced by the finding of a study in rural
Bangladesh (Hoque, 1993d).

As stated earlier, Levine and Nalin also hypothesised that V. cholerae is
transmitted through surface water as primary source of transmission (Levine,
1976,a) and that tube well failed to protect against cholera(Levine, 1976,b).
Similar observation was made by Black et al in a prospective study in Peru, on
the major routes of transmission of bacteria causing infantile diarrhoea in a
poor peri-urban community in Lima (Black, 1989). Another earlier observation
by Deb et al from Calcutta urban slum in India also supports this finding (Deb,
1982).

In 1985, Esrey et a/ after reviewing the epidemiological finding from 67 studies
carried out in 28 different countries concluded that improvements in water
quality had less impact on diarrhoeal morbidity/ mortality than the
improvements in water availability and/or safe excreta disposal (Esrey, 1985).
These observations are supported by Khan et al during 1981, and, by more
recent findings of a series of an on-going studies at the ICDDR,B from a few
community based hand pump study both in urban and rural Bangladesh
(Hoque, 1993b,c,d).

I. 3. 6 DIARRHOEA AND FAMILY CONTACTS :

Family clustering of diarrhoeal diseases are often common particularly in the
developing countries. Microbiological contamination of the families and home
environment in Peru showed a high rate of faecal contamination at a range of
13-42% where mothers breast and nipples of feeding bottle too were found
contaminated with £. coli (Black, 1989). Such risk factors from a similar
prospective study in Brazil are reported by Guerrant et al (1983).

In Malaysia, a study on the impact of environmental interventions (safe
disposal of excreta) on infantile diarrhoea it was found that the impact was

greater for the non-breast fed infants than for breast fed ones (Butz, 1984).
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In Srilanka, improvements in excreta disposal had a greater impact on the
mortalities in families with literate mothers than the illiterate ones due to

infantile diarrhoea (Meegama, 1980).

Findings from an urban based study by MU Khan et al (1984) shows that 47
Families (Households: all members who live together and_eat from the same
cooking pot) with an index case of S. dysenteriae 1 had a Secondary infection
rate of 29% (1.6 times being higher in males). Use of open source of water
and living in ore room was found to be associated with this higher rates.
Moreover, isolation of new infection in the family suggests that > 22% cases
remained undiagnosed in rural Bangladesh due to lack of proper lab. diagnosis
(Khan, 1984c). Similar findings from an outbreak of diarrhoeal diseases in a
rural family of Bangladesh was also reported from Matlab, Bangladesh (Zaman,
1983).

While intra familial transmission of V. cholerae El tor were reported from
Calcutta urban slums, India (Deb, 1982) several diarrhoeagenic organisms
were reported to be transmitted to the infants of only in certain families
through animal faeces, contaminated water, food stuff and through person-to-

person contacts, in Peru (Black, 1989).

It is reported that 50% of the drinking water, 41% of traditional weaning
foods were found to be contaminated with E.coli in rural families of
Bangladesh (Black RE, 1982b). And, mothers’ personal and domestic hygiene
were found associated with the higher incidence of diarrhoeal diseases in

families having young children (Hoque BA, 1993c).

In another study, Enterotoxigenic E. coli (LT and ST types) of the same
serotype were isolated from all the index cases of a few families from their
water sources, food stuffs and drinking water including healthy calves from
few families of those index Baris (Black, 1982b) (Bari is a typical clustering of
few households in a defined small area). The results of this study showed an

inter-household contamination of £. coli.

A recent report showed that 17.2% carrier rate was recorded in the families

of cholera victims in an epidemic with the new pathogenic V. cholerae 0139
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