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ABSTRACT A simple method for filtering water to reduce the incidence of cholera was tested in a field trial in Matlab, Bangladesh,
and proved effective. A follow-up study was conducted 5 years later to determine whether the filtration method continued to be
employed by villagers and its impact on the incidence of cholera. A total of 7,233 village women collecting water daily for their
households in Bangladesh were selected from the same study population of the original field trial for interviewing. Analysis of
the data showed that 31% of the women used a filter of which 60% used sari filters for household water. Results showed that sari
filtration not only was accepted and sustained by the villagers and benefited them, including their neighbors not filtering water,
in reducing the incidence of cholera, the latter being an unexpected benefit.
IMPORTANCE A simple method for filtering pond and river water to reduce the incidence of cholera, field tested in Matlab, Bangladesh, proved effective in reducing the incidence of cholera by 48%. A follow-up study conducted 5 years later showed that 31%
of the village women continued to filter water for their households, with both an expected and an unexpected benefit that filtration had both a direct and indirect effect in reducing cholera (chi-square statistic of 1,591.94; P ⴝ <0.0001). Results of the study
showed that the practice of filtration not only was accepted and sustained by the villagers but also benefited those who filtered
their water as well as neighbors not filtering water for household use in reducing the incidence of cholera.
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iarrheal diseases are a major cause of death of children less
than 5 years old in developing countries, and cholera, the
most severe form of diarrhea, is characterized by massive loss of
body fluid and electrolytes. Toxigenic Vibrio cholerae, the causative agent of cholera, is native to the aquatic environment, is
present in Bangladesh (1), and is transmitted to humans, mainly
via contaminated drinking water. According to a recent report,
more than one billion people lack access to safe drinking water
worldwide, and over five million die each year from diseases
caused by unsafe drinking water (2). Recent studies suggest that
improving drinking water quality at the point of use (POU) has a
highly beneficial effect in combating waterborne disease (3, 4).
Several POU technologies that involve both chemical treatment
and filtration of water have become available during the past decade. However, compliance and sustainability are serious challenges because of many factors that range from cost, ease of use,
production of sufficient quantities of clean water with minimal
effort, social acceptance at the end user level, and most importantly, availability under natural disaster conditions when obtaining the bare necessities for daily life is a challenge.

April 2010 Volume 1 Issue 1 e00034-10

Cholera remains a global concern, affecting those most economically deprived who lack access to safe drinking water. As is
the case for diarrheal diseases, cholera is dose dependent, and the
infective dose has been shown to be ca. 103 to 106 Vibrio cholerae
O1 cells. Ingestion of this dose causes clinical symptoms (5, 6).
V. cholerae is commensal to planktonic crustacean copepods, i.e.,
part of the copepod natural microbial flora, with a single copepod
carrying up to 103 to 104 V. cholerae bacteria (7–9).
A method for simple filtration of water for domestic use, including drinking, was devised; this method employs cotton sari
cloth, a material readily available to village women in Bangladesh
(10). When this method was tested in the laboratory, using 1 to 4
layers of sari cloth to filter pond and river water containing
V. cholerae attached to small crustacean zooplanktonic copepods
and particulate matter, this simple procedure successfully reduced
the number of V. cholerae bacteria by 2 log units (10 –12).
Whether 1, 2, 3, or 4 layers of sari cloth was used as a filter, the
number of V. cholerae bacteria in the water was reduced by ca.
90%. Four layers of sari cloth were considered optimal for water
filtration, since it consistently removed ⬎99% of the bacteria, but
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RESULTS AND DISCUSSION

From the survey data, 2,207 (31%) of 7,233 interviewed respondents reported using a filter of any type and 1,327 (60%) of the
filter users reported using cotton sari cloth (either one, two, three,
or four layers of cloth). Within the original sari filter group, 635
(74%) of the filter users used sari cloth; of the 635, 117 (18%) used
four layers of sari cloth for filtering, 157 (25%) used three layers,
271 (43%) used two layers, and 90 (14%) used one layer of cloth.
Results of laboratory studies on which the intervention was based
had previously shown that two and three layers of sari cloth were
effective in removing up to 99% of the attached V. cholerae bacteria (10). The intervention recommended for prevention of cholera
based on the laboratory study was four layers of sari cloth because
it was slightly more effective in consistently removing ⱖ99% of
the V. cholerae bacteria (10). In the original field trial, four layers
of sari cloth were used and proved effective in reducing the incidence of cholera by ca. 50% (11). We found that 74% of those
using sari cloth filters, whether one or more layers, in the
follow-up study received a beneficial effect, even though filtration
using the recommended four layers was practiced by only 18% of
the population of the original group of villagers who had been
taught to use a sari cloth filter. Among the 2,351 households orig-
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TABLE 1 Number of households filtering water
No. (%) of households using the
following filter:
Group
Sari filter
Nylon filter
Control

Sari
635 (74.4)
342 (47.8)
350 (54.6)

Nylon
180 (25.3)

Other
218 (25.6)
191 (26.8)
291 (45.4)

Total no. of
households
853
713
641

inally assigned to the nylon filter group, 713 (30%) reported that
they continued filtering their water, of which 342 (48%) used sari
cloth. The numbers of households filtering water from the original
different groups using sari cloth or any other material are shown
in Table 1.
Of 2,426 households from the control group, i.e., those from
the original study not receiving education and training about filtration, 641 (26%) used some kind of filter, of which 350 (55%)
used 1 to 3 layers of sari cloth, but not 4 layers. People have been
filtering water for aesthetic purposes, e.g., to remove leaves, insects, and other visible particulate matter from drinks sweetened
with sugar or molasses (the latter are especially attractive to ants),
but not for the purposes of water safety as they had been taught
during the original field trial. In the follow-up of 11-hrs observation of 50 randomly selected households that reported they filtered their water with cotton sari cloth, only 19 (38%) were observed to consistently filter their water with sari cloth and only 2
(4%) folded the sari cloth into at least four layers. These data
indicate that, although a reduced number of households continued to use sari filtration as originally recommended, i.e., four layers of sari cloth, overall, the use of some kind of filtration was
practiced by 31% of the villagers, of which 60% used sari cloth.
The rate of use of one or more layers of sari cloth showed that the
number of villagers who were sari filter users (n ⫽ 853) surveyed
from the original sari filtration group was significantly higher
(74%) than the number from the control group (54%) (2 ⫽
63.91; P ⬍ 0.001) of the original study, indicating the sustainability of the practice of filtering water 5 years after the intervention
was introduced. It is unclear whether control households practicing sari filtration may have done so as a longstanding practice, but
it is highly probable that diffusion of the practice of filtration from
the original groups occurred based on observations made in the
original study, when some of the villagers showed their neighbors
how to filter water and they began to filter their water as well.
From the results of this study, it is clear that the population taught
to use sari filter comprised the largest number of sari filter users
and fewer were from the control group (not taught to use a sari
filter), indicating that training played an important role in the
practice of sari filtration by these villagers. In addition, it is important to note that 25% (180/713) of the nylon filter group were still
using the nylon filters provided 5 years earlier, although its effectiveness was not determined (Table 1). Eighteen percent of the sari
filter group reported using four layers of sari cloth as filter, while
only 1.1% of the control group used three layers and none used
four layers. From the interview, we also determined that when
villagers from the original study who had been instructed to use a
single layer of the nylon filter switched to sari cloth filter, 76.3% of
them continued to use one layer of sari cloth, as they were taught
to do with the nylon filter, and only 0.6% used four layers. This is
a clear indication of both compliance with instructions and the
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2 or 3 layers were approximately equally effective (10). After the
laboratory-based tests were completed, a field trial using cotton
sari cloth was performed, and as a reference, a commercially available nylon material that was used to eradicate dracunculiasis in
Africa was included. Both were field tested for efficacy in reducing
cholera in Matlab, Bangladesh. That is, village women responsible
for collecting water, in a population of 30,000 (15,000 in each
group, one group using sari filters and the other using nylon filters), were taught how to use folded cotton sari cloth or nylon
mesh to filter their daily water. A third group of 15,000 villagers,
receiving no instruction with respect to filtration of their water,
served as the control group. Results of the field trial showed that
the number of cholera cases was reduced approximately 50% in
the group using cotton sari cloth to filter water at the time of
collection, with nylon filtration slightly less effective and also very
expensive compared to sari cloth (11).
Although POU technologies have been shown to be effective in
laboratory experiments, they do not necessarily perform equally
well in the field over an extended period of time (13). The objective of the original study was to determine whether the incidence
of cholera could be reduced by sari filtration, since filtering out
plankton and particulate matter removed ⬎99% of V. cholerae
associated with zooplankton. Although 50% reduction in cholera
cases was observed among sari filter users, there was concern that
the practice of sari water filtration would not be sustained among
villagers once the original study had been completed. Hence, the
study reported here was undertaken.
Therefore, 5 years after the original field trial, a follow-up study
was conducted to determine whether sari water filtration continued to be practiced by the same population of participants and, if
it was, whether there would continue to be a beneficial effect of
reduced incidence of cholera. The site of study is located within
the Matlab Demographic Surveillance System of the International
Centre for Diarrhoeal Disease Research, Bangladesh (ICDDR,B).
The objective, simply stated, was to determine the sustainability
and efficacy of filtration that was introduced earlier to the community.

Simple Sari Filtration of Water Can Reduce Cholera

TABLE 2 Neighborhood incidence of cholera in a total population of 7,470 relative to the number of cholera cases per 1,000 individuals not
protected by water filtration
Cholera incidence category
(no. of cases of
cholera/1,000)
0
0.1-5.1
5.1-8.4
8.4-11.5
11.5-33.3

No. (%) of cases of cholera in neighborhoods with a water filtration rate of:
0%
34 (3.8)
114 (12.8)
94 (10.6)
150 (16.9)
496 (55.9)

0.1 to 8.4%
178 (10.8)
174 (10.6)
415 (25.2)
537 (32.6)
342 (20.8)
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22.3 to 30.9%
118 (7.2)
437 (26.6)
495 (30.1)
434 (26.4)
161 (9.8)

30.9 to 54.3%
389 (23.6)
523 (31.8)
405 (24.6)
173 (10.5)
155 (9.4)

the least (22.1%), followed by the second most affluent group
(28%), whereas the lowest, second lowest, and middle economic
groups filtered their water the most with values of 34%, 36%, and
32%, respectively. Affluent people usually have the resources to
boil their water or have access to safe drinking water, e.g., bottled
water.
Interestingly, during the original trial, several families had to
be removed from the control group because they became convinced filtration would protect their children from contracting
cholera and began using sari filtration (11). The study team complied with their wishes for ethical reasons, despite its effect on the
study. It is important to note that the filtration method did not
require financial resources or extensive training on the part of the
village women, and it was easy to include in their daily activity.
Shallow tube well water, once considered a source of safe drinking
water, has unfortunately been found to contain high levels of arsenic in many regions of Bangladesh, with the concentration of
arsenic in the tube well water exceeding 50 ppb and concentrations 10 times higher in some areas of Bangladesh (15, 16). In the
affected geographic regions, the population returned to surface
water for household use, making simple filtration an important
consideration.
In summary, the primary goal of this study was achieved,
namely, to determine compliance in practicing simple filtration.
Subsequent reduced incidence of cholera in the households filtering water was expected. Of the 2,456 women included in the original study who were taught to use sari cloth as a filter, 853 (35%)
reported that they consistently used some kind of filter and 635
(26%) reported that they continued to use sari cloth filtration. A
minority of the women who reported that they used sari filtration
actually did so during the 11 h of structured observation, suggest-

FIG 1 Incidence of cholera in non-water-filtering households by neighborhood use of water filtration. The number of cases of cholera per 1,000 individuals (Cases/1000) is shown in the key to the right of the graph.
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sustainability of the method, but it also shows the need for continuing education in the appropriate use and benefits of simple
filtration.
Determining the sustainability of this method was the primary
objective of the study. However, although not statistically significant, a reduced incidence (25%) of hospitalization for cholera was
observed for the evaluation period (2003 to 2006) among households filtering their water compared to those households not filtering. With the lower rate of filtration in this follow-up study, it is
not surprising that the observed reduction in disease rate was not
as high as the 48% observed in the original trial (11), suggesting
that active reinforcement would have been effective in ensuring
higher protection.
Additional analysis that was not part of the original study plan,
was employed to explore the potential for indirect protection
from cholera of households using sari cloth filtration, was done
based on an earlier report (19). The percentage of villagers using
some kind of filtration (sari, nylon, or gamcha, the local name for
a thin towel) and living in proximity to participants of the original
study was also calculated. Table 2 presents the 7,470 neighborhood clusters as five levels of cholera incidence (range, 0 to 33.3
per 1,000) stratified by neighborhood filtration percentage (range,
0 to 54.3%). Categories of approximately equal size were used,
with zero values restricted to those neighborhoods with no cases as
a separate category. Households not filtering water and located in
neighborhoods where water filtration was not practiced were
more likely to be in the highest incidence category (11.5 to 33.3 per
1,000). Households not filtering their water and in neighborhoods
where water filtration was practiced (30.0 to 54.3%) rarely fell into
the highest cholera incidence category and more than 50% of the
time had an incidence rate lower than 5.1/1,000. This inverse relationship between neighborhoods where filtration was practiced
and the incidence of cholera in the unprotected group is shown in
Fig. 1. Figure 1 is a graphic presentation of data taken from Table 2
to illustrate the incidence of cholera by neighborhood filtration
rate. The distribution shown is unlikely to have occurred by
chance (chi-square statistic of 1,591.94; P ⱕ 0.0001). Moreover, it
is important to note that filtration was carried out by many households employing two or three layers of sari cloth, not the recommended four layers. Thus, this effect, although significant, could
be further improved by reinforcement of the recommended practice.
Examination of the practice of filtration relative to household
socioeconomic status, measured by asset index (with the lowest
quintile representing the lowest socioeconomic level and the highest quintile representing the most affluent) revealed a statistically
significant negative association between socioeconomic status
and the use of filtration. The most affluent quintile used filtration

8.4 to 22.3%
173 (10.51)
398 (24.2)
237 (14.4)
371 (22.5)
467 (28.4)

Huq et al.

ing that, like other behavior changes, the practice of filtration
would benefit from a focused effort to enhance its sustainability
and provide a further reduction in the incidence of cholera. Sari
filtration is easy to use, does not require extensive training, is
socially acceptable, and, most importantly, involves no additional
cost to the household. Where conditions of extreme poverty or
local disasters prevent access to potable water, notably in areas
where cholera is endemic and areas subject to social disruptions,
simple filtration can be deployed with a beneficial outcome to
public health.
MATERIALS AND METHODS
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