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     INTRODUCTION 

 A large body of research has shown the health benefits of 
providing household-level piped water and sanitation services 
on diarrheal and respiratory illnesses. 1–  3  For many households 
in developing countries, however, individual water and sanita-
tion services are out of the reach for the foreseeable future. 
For example, whereas 87% of the world’s population is clas-
sified as having access to “improved water supply services” 
by the World Health Organization, only 54% of these have 
piped water connections in their homes or yards. 4  The rest—
an estimated 2.2 billion persons—obtain water for their needs 
from shared point sources such as taps, boreholes, and wells. 
Even when such water points deliver relatively high-quality 
supply, they are located at some distance from users’ dwellings, 
providing opportunities for recontamination of water supplies 
during transport and storage. 5  Efforts to improve and main-
tain the quality of stored water in the home have included the 
development of many safe water storage and point of use water 
treatment technologies, several of which have been shown to 
be effective for reducing contamination by fecal indicator bac-
teria (FIB) in experimental settings. 3,  6,  7  

 Along with sound household water management, hand 
hygiene is a second important health behavior associated with 
reducing respiratory and diarrheal illness. Handwashing with 
soap, for example, has been estimated to reduce the risk of 
diarrhea by 47%. 8  Several randomized controlled trials have 
documented significant reductions in diarrheal and respira-
tory illness from handwashing in experimental settings. 9,  10  In 
theory, hand hygiene improvements could reduce both the 
transmission of pathogens through interpersonal contact as 
well as the risk that stored water and food will be contami-
nated through handling. 

 The experimental efficacy of these interventions not-
withstanding, it has proven much more challenging to sus-
tain water treatment, safe water storage, and hand hygiene 
behaviors within everyday settings. In one rural population of 

Guatemala, for example, researchers initially documented a 
39% reduction in diarrhea after a field experiment involving a 
point of use flocculant disinfectant product. 11  A second study 
carried out 6 months later in the same population found that 
only 5% of households had recently purchased the flocculant 
disinfectant, despite its wide availability and shown efficacy 
against diarrheal illness. 12  In Pakistan, a follow-up study car-
ried out 18 months after a successful handwashing interven-
tion documented significantly better handwashing technique 
for some indicators among treatment versus control house-
holds; however, no significant difference in soap purchase or 
rates of diarrheal illness were observed. 13  

 Given that the impacts of hand hygiene, water treatment, 
and water storage technologies on health are critically medi-
ated by behavior, it is important to understand what types of 
interventions are effective in promoting correct and sustained 
use. Research into other behavior-mediated health technolo-
gies (e.g., seatbelts and condoms) has documented the impor-
tance of providing accurate information about the potential 
impacts of behavior change on health and other quality of life 
elements for both initial adoption as well as for longer-term 
maintenance of the behaviors under study. 14,  15  Moreover, it is 
well-understood that health messages that are relatively more 
tailored to the target population have greater impact on behav-
ior change. 16–  18  In the water, sanitation, and hygiene field, mes-
sages regarding water management and hand hygiene have 
historically been untargeted in nature and are often delivered 
as a one-off exercise during the installation of a new water 
point. 19  

 In previous research, Jalan and Somanathan 20  tested the 
water supply of 965 urban households in India; they pro-
vided presence/absence results for the fecal indicator bacteria 
 Escherichia coli  to 497 treatment households and monitored 
the remaining 468 control households. After 8 weeks, house-
holds that had received a positive result were 11% more likely 
to report having made changes in water purification, handling, 
and/or storage behavior compared with those in the control 
group. No samples of water were analyzed after the interven-
tion, and there was no effort made to compare the impact of 
household water testing with the kind of social marketing or 
educational programs that are more commonly used in devel-
oping countries. To our knowledge, no other published studies 
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examine the effect of contamination information on house-
hold perceptions or activities. 

 This paper presents the results of a field study investigating 
the effects of providing households with individualized water 
and hand-rinse test  E. coli  results along with general health 
messages related to water, sanitation, and hygiene. Impacts of 
the intervention on knowledge of strategies to reduce risk of 
gastrointestinal and respiratory illness, practice of safe water 
management and hand hygiene, and microbial contamination 
of stored water and respondents’ hands were assessed. Our 
objective was to determine whether the provision of test result 
information, along with health messages about water, hygiene, 
and health, leads to comparatively greater gains for each of 
these outcomes relative to providing health messaging alone. 

   STUDY SITE AND EXPERIMENTAL METHODS 

 Dar es Salaam (6°48′S, 39°17′E) is the largest city in the east 
African country of Tanzania. With an estimated 2.8 million 
inhabitants in 2006, Dar es Salaam is the ninth fastest grow-
ing city on the planet, with a population doubling time of just 
16.4 years. 21  

  Sample frame.   Within the peri-urban zones of Dar es 
Salaam, three communities were selected for the study that 
had recently received upgrades in water supply infrastructure 
from the Community Water Supply and Sanitation Program 
(CWSSP) administered by the Dar es Salaam Water Supply 
and Sanitation Authority. The water supply infrastructure 
upgrades included installation of one or more deep borewells, 
an elevated storage tank, and a limited distribution network 
with public taps. Additional information about the CWSSP is 
presented in the Supplemental Information. 

 In the three communities selected for the study, a list of 
every 10 cell—administrative units of 10–30 housing units—
was obtained from a community leader. From these, a random 
draw of 20 10-cell units was carried out for each community. 
Participatory mapping of each housing unit in the selected 10 
cells was undertaken to identify those households that included 
children under the age of 5 years, because this population is 
the most vulnerable to water- and sanitation-related disease. 
A total of 350 households with under 5-year-old children was 
randomly selected from this parent population. Female heads 
of household were targeted for participation given their prin-
cipal role in water management and health care in their fami-
lies. Between 96 and 121 households agreed to participate in 
each of the three communities, for a total of 334 households. 
Full informed consent procedures were completed for each 
participant, and approval for the research was obtained by 
institutional review boards in the United States and Tanzania. 

   Data and sample collection.   The fieldwork was carried out 
over the period from June to September 2008, during the 
dry season. Each enrolled household was visited four times, 
approximately one time every 2 weeks. Attrition during the 
second, third, and fourth visits resulted in a final sample of 
248 households with complete data. Analysis of household 
characteristics for participants who dropped out revealed 
only one significant difference: these families had fewer under 
5-year-old children, on average, compared with the households 
that participated for the entire duration of the study. Fifty-one 
percent of the 86 mothers who left the study were traveling 
out of Dar es Salaam; 45% withdrew, and 4% were ill or lost 
the under 5-year-old child in their household. Additional 

information on attrition and sample composition is provided 
in Supplemental  Figure S1 . 

 Four in-depth survey instruments—baseline (BL), informa-
tional intervention (IN), and two follow-up visits (F1 and F2)—
were developed, translated into Kiswahili, and programmed 
into a software package for loading onto personal digital assis-
tants (PDAs). Each survey instrument included sections on 
socioeconomic and demographic characteristics of the house-
hold, water supply and sanitation services, family health, knowl-
edge of water, sanitation, hygiene, and health linkages, and the 
respondent’s self-efficacy. For all respondents at each house-
hold at each visit, local enumerators carried out the in-depth 
questionnaire with the female head of household and collected 
water and hand-rinse samples. 

 Water samples of 500 mL were collected by asking the 
respondent to retrieve water that would be used for drink-
ing from the storage container in the manner typically used 
by household members (e.g., decanting or dipping a cup or 
ladle into the water). The respondent deposited the water into 
a sterile Whirl-Pak bag (NASCO Corp., Fort Atkinson, WI), 
which was sealed by the enumerator using sterile technique. 
Sodium thiosulfate was added to the water sample bag imme-
diately before collection as a precaution to neutralize any chlo-
rine present in the water. The enumerator also recorded the 
type of water source from which the water had been obtained 
(a CWSSP borewell, a neighbor with a household connec-
tion to the municipal network delivering chlorinated surface 
water, or a cart vendor). Hand-rinse samples were sought from 
each respondent (female head of household). Each participant 
inserted each of her hands into a 69-oz Whirl-Pak bag contain-
ing 350 mL sterile water. The subject agitated each hand in the 
water for 15 seconds; this was followed by an additional 15 sec-
onds of massaging by the enumerator through the bag. Further 
details of this method can be found in Pickering and others. 22  

 All water and hand-rinse samples were stored on ice in a 
cooler during transport back to the laboratory. Samples were 
processed within 4 hours of collection. Each sample was ana-
lyzed for concentrations of  E. coli  using US Environmental 
Protection Agency (USEPA) method 1604. 23  For stored water 
samples, 100-mL samples were processed by membrane filtra-
tion, providing a lower and upper detection limit of 1 and 500 
colony forming units (CFU)/100    mL, respectively. For hand-
rinse samples, 10 mL were filtered, providing a lower detection 
limit of 35 CFU per two hands and an upper detection limit of 
17,500 CFU per two hands. If no colony-forming units were 
visible on the plates, then a value of 0.5 CFU was assigned 
to the plate. If there were too many colony-forming units to 
count, then a value of 500 CFU (the upper detection limit) was 
assigned to the plate count. Bacterial counts were normalized 
such that stored water concentrations are expressed as CFU 
per 100 mL and hand-rinse concentrations are expressed as 
CFU per two hands. 

   Intervention.   Each participating household received one 
of four different informational treatments during the second 
visit by enumerators. One-quarter (the information cohort) 
received information about a variety of strategies that can 
be used to reduce risk of water- and sanitation-related illness, 
similar to the materials provided through the CWSSP. The 
costs and expected benefits of various strategies were discussed 
with each respondent. Respondents in the other three cohorts 
received this same information as well as their own water and/
or hand-rinse test results (test cohorts). The second cohort, the 
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water cohort, received water quality test results only; the third 
cohort, the hand cohort, received hand-rinse test results only. 
The fourth cohort, the water/hand cohort, received both types 
of test results. Members of all cohorts received all of their test 
results after the conclusion of the study. All households within 
a given 10 cell received the same cohort assignment (i.e., 
randomization was carried out at the 10-cell level). 

 Each test result was explained in language appropriate 
to the local context. A handout was provided to the respon-
dent that contained photos of each type of sample taken 
(e.g., stored drinking water and hands). The handout included 
(1) the actual concentration of  E. coli  in the respondent’s 
water and/or hand-rinse samples, the meaning of which was 
carefully explained by the enumerator, (2) for the water tests 
only, the median concentration of stored waters from similar 
sources (e.g., borewell, municipal piped water connection, or 
cart vendor) across all participating households in the respon-
dent’s community, and (3) ordinal categorizations of the 
household’s results as low (0–10 CFU/100 mL [water test] or 
< 35 CFU/2 hands [hand test]), medium (11–100 CFU/
100 mL [water test] or 35–100 CFU/2 hands [hand test]) or 
high (> 100 CFU/100 mL or > 100 CFU/2 hands). The clas-
sification scheme for water test results follows the World 
Health Organization guidelines 24  for rural water. No pub-
lished classification scheme for hand contamination currently 
exists, and therefore, we opted to define any hand test result 
lower than our detection limit (35 CFU/2 hands) as low and 
follow the same categorizations for the medium and high 
designations that were used for the water tests. 

 Water management and hand hygiene behaviors were 
assessed largely through self-report, although some visual 
confirmations were also carried out by enumerators (e.g., 
documenting whether water storage containers were cov-
ered). Respondents were asked at each visit about the fre-
quency with which they engaged in hand hygiene and water 
management behaviors that could reduce risk of water- and 
sanitation-related illness. During follow-up visits, respondents 
were also asked open-ended questions about any behavioral 
changes their households had made during the period since 
the enumerators’ last visit. Those reports not corroborated 
with spot checks or observation are vulnerable to social desir-
ability effects and recall bias, which have been documented by 
other researchers. 24–  26  

   Statistical methods.   All bacterial concentrations were log 10 -
transformed (referred to as log) before analysis. The  t  test 
and the χ 2  test were used to test for differences in baseline 
characteristics between the information and test cohorts for 
continuous and categorical variables, respectively. Because 
baseline levels of  E. coli  contamination varied across cohorts,  
analysis of covariance (ANCOVA)    was used to test for 
significant differences in changes of contamination levels 
between baseline and follow-up visits. Logistic and ordinary 
least squares regression analyses were used to test for significant 
associations between respondent and household characteristics, 
cohort assignment, test result content, and several dependent 
variables of interest. All statistical analyses were performed 
with SPSS Statistics 17.0 (SPSS Inc., Chicago, IL). 

    RESULTS 

  Household characteristics.   The typical family in our sample 
is comprised of five persons. Forty-three percent of study 

households live in a single-family home, whereas another 51% 
share a housing unit with one to six other families. More than 
90% of housing units have concrete walls and floors and tin 
roofs. One-half of study households have in-home electricity 
service, and 17% have a shallow well (typically 2–10 m in 
depth) on their plot. All households in the study have access 
to a private sanitation facility (either exclusive or shared with 
other households). All are on-site facilities, 52% of which 
have reinforced pits or septic tanks, whereas 48% have simple 
unlined pits. 

 Apart from collecting rainwater during the rainy season, 
most households use one or two principal water sources. 
Approximately 80% of households obtain drinking water 
from the CWSSP borewells, another 10% get water from 
neighbors with private connections to the municipal network, 
9% get water from vendors who deliver water from a variety 
of sources to the home, and 1% get water from other sources 
such as shallow wells and commercially sold bottled water. The 
sources of study households’ drinking water exhibited very lit-
tle change over the course of the study. 

 Overall, respondents and households shared similar char-
acteristics across the four cohorts. One exception includes the 
religious profile of the groups; the information cohort had a 
significantly lower share (39%) of respondents self-identifying 
as Muslim compared with the water cohort (58%;  t  = −2.43,  
degrees of freedom (df)     = 167,  P  = 0.02). No other test for 
comparability between the information and test cohorts had 
a result with a  P  value less than 0.10. (See Supplemental 
 Table S1  for additional details on cohort characteristics.) 

       Changes in knowledge.   During the baseline survey, 
respondents were asked whether each of four known causes 
of gastrointestinal illness (drinking contaminated water, 
eating spoiled food, having poor personal hygiene, and having 
contact with standing water in the environment) as well as two 
unsubstantiated factors (bad odors and bad spirits) could cause 
diarrheal illness in children. Respondents provided correct 
responses to an average of 74% of these prompts; no significant 
differences in knowledge of causes of diarrheal illness across 
cohorts at baseline were apparent (all  t  test  P  values > 0.40). 
These same questions were asked of respondents during both 
follow-up visits. The mean percentage of correct responses 
increased slightly to 76% during the first and second follow-up 
visits for the entire sample of respondents (both  P  > 0.10). No 
significant differences in mean changes of knowledge scores 
were observed between any test cohort and the information 
cohort ( P  ≥ 0.30 for all  t  tests). Similar patterns in responses 
regarding the causes of respiratory illness were observed (data 
not shown). 

 We also asked all respondents about their knowledge of 
water treatment methods. At baseline, 79% of respondents 
could name at least one method of making water used for 
drinking and cooking safer without prompting. The mean 
number of treatment methods cited among these respondents 
was 1.2 (median = 1). Boiling was the most frequently men-
tioned water treatment strategy, cited by 69% of respondents. 
Chlorination was named by 32%, and filtering water through 
a cloth was named by 17%. No significant differences in the 
number of water treatment methods known at baseline were 
observed between the information and the test cohorts (all  
P  > 0.15). 

 Respondents were asked to name water treatment methods 
during both follow-up visits as well. Across the entire study 
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sample, the mean number of methods doubled to 2.5 during 
the first follow-up visit ( t  = 17.6,  df  = 246,  P  < 0.001) and stayed 
at this value for the second follow-up visit ( t  = 14.4,  df  = 227, 
 P  < 0.001). These gains were generally distributed equally 
across the cohorts, as evidenced by the absence of significant 
differences in the change in mean number of treatment meth-
ods cited between each of the test cohorts and the information 
cohort ( Table 1 ). 

        Changes in hand hygiene behavior.   At each household 
visit, mothers were asked how many times they had washed 
their hands the day before the visit. At baseline, respondents 
reported a mean of 3.5 (information cohort) to 3.9 (hand and 
water cohorts) instances of handwashing in the day before 
the interview. No significant differences in reported rates of 
handwashing were observed between the test cohorts and the 
information cohort at baseline (all  P  > 0.10). 

 For the entire set of study participants, mean reported hand-
washing instances in the day before the interview increased 
from 3.8 to 4.3 ( t  = 4.78,  df  = 178,  P  < 0.001) between base-
line and the first follow-up visit. The mean handwash-
ing rate increased further to 4.5 instances per day across all 
respondents at the second follow-up visit ( t  = 6.13,  df  = 176, 
 P  < 0.001). Members of the information cohort had signifi-
cantly greater increases in reported handwashing between the 
baseline and second follow-up visit compared with both the 
water cohort ( t  = 2.1,  df  = 68,  P  = 0.04) and the water/hand 
cohort ( t  = 2.1,  df  = 82,  P  = 0.04). No significant differences 
between the information and hand cohorts were observed in 
reported handwashing behaviors, and there were no signifi-
cant differences observed between the information cohort and 
any test cohort at the first follow-up visit. 

 During follow-up visits, respondents were also asked an 
open-ended question about whether their household had 
made any changes in their hand hygiene practices. No sig-
nificant differences were observed between the information 
cohort and each of the test cohorts with regard to the percent-
age of respondents that mentioned increased handwashing at 
critical times (e.g., before food preparation and after defeca-
tion) or increased handwashing of children (all  P  > 0.20). A 
higher percentage of mothers in the water (46%) and water/
hand cohort (44%) compared with the information cohort 
(27%) mentioned more frequent use of soap for handwashing 
(both  P  < 0.02). 

   Changes in water management practices.   At baseline, 
reported water treatment practices were fairly consistent across 
the cohort. Between 36% and 47% of respondents in each 
cohort reported always or almost always boiling the water used 
for drinking and cooking in the household. Between 9% and 
14% of respondents in each cohort reported regularly filtering 
water by pouring it through a cloth stretched over the storage 
container. Between 7% and 13% reported using a chlorine 
product to disinfect drinking water. No significant differences 
were observed between the share of respondents reportedly 
treating their family’s drinking water in the information versus 
any of the test cohorts at baseline (all  P  > 0.20). 

 Between the baseline and first follow-up visit, the share of 
all respondents who said that they were treating their drinking 
water increased from 56% to 68% ( t  = 3.8,  df  = 231,  P  < 0.01). 
This percentage fell slightly to 66% at the second follow-up 
visit but was still significantly higher than baseline ( t  = 2.8, 
 df  = 201,  P  < 0.01). The change in the percentage of respon-
dents who said they were regularly treating their household’s 

 Table 1 
  Baseline levels, changes in knowledge, reported water management, and hand hygiene practices by cohort  

Full sample ( N  = 334) Information cohort ( N  = 79) Hand cohort ( N  = 84) Water cohort ( N  = 90) Water/hand cohort ( N  = 81)

Mean proportion causes of diarrhea 
correctly identified at baseline 0.74 (0.16) 0.73 (0.19) 0.74 (0.16) 0.75 (0.14) 0.74 (0.13)

Mean change in proportion causes of 
diarrhea correctly identified BL to F1 0.02 (0.21) 0.05 (0.23) 0.02 (0.19) −0.02 (0.23) 0.03 (0.18)

Mean change in proportion causes of 
diarrhea correctly identified BL to F2 0.02 (0.21) 0.03 (0.23) 0.05 (0.20) 0.03 (0.21) −0.10 (0.18)

Mean number of water treatment 
methods cited at baseline 1.21 (0.81) 1.29 (0.88) 1.12 (0.73) 1.24 (0.81) 1.20 (0.80)

Mean change in number of water 
treatment methods cited BL to F1 1.32 *  (1.16) 1.20 (1.26) 1.57 (1.06) 1.29 (1.23) 1.26 (1.03)

Mean change in number of water 
treatment methods cited BL to F2 1.25 *  (1.30) 1.17 (1.38) 1.42 (1.16) 1.28 (1.39) 1.16 (1.22)

Mean daily reported handwashing rates 
(times per day) at baseline 3.78 (1.35) 3.48 (1.46) 3.91 (1.30) 3.91 (1.36) 3.77 (1.28)

Change in reported mean daily 
handwashing rates BL to F1 0.48 *  (1.38) 0.50 (1.71) 0.42 (1.41) 0.52 (1.30) 0.46 (1.17)

Change in reported mean daily 
handwashing rates BL to F2 0.69 *  (1.50) 1.20 (1.77) 0.66 (1.43) 0.52 †  (1.28) 0.52 †  (1.50)

Percentage reporting more soap use 
since BL at F1 0.39 (0.49) 0.27 (0.44) 0.37 (0.49) 0.46 ‡  (0.50) 0.44 ‡  (0.50)

Percentage reporting treatment of 
drinking water at baseline 0.56 (0.50) 0.57 (0.50) 0.46 (0.50) 0.66 (0.48) 0.55 (0.50)

Change in percentage reporting 
treatment of drinking water BL to F1 0.11 *  (0.45) 0.22 (0.42) 0.13 (0.48) 0.00 ‡  (0.47) 0.14 (0.40)

Change in percentage reporting 
treatment of drinking water BL to F2 0.11 *  (0.55) 0.21 (0.56) 0.31 (0.60) 0.00 (0.55) 0.00 ‡  (0.45)

Percentage reporting improved water 
storage since BL at F1 0.31 (0.46) 0.31 (0.46) 0.24 (0.43) 0.34 (0.48) 0.36 (0.48)

  Standard deviations in parentheses.  
  *   Change for full sample is significantly different from zero ( P  < 0.05).  
  †   Difference between follow-up 2 and baseline is significantly different from information cohort ( P  < 0.05).  
  ‡   Difference between follow-up 1 and baseline is significantly different from information cohort ( P  < 0.05).  
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drinking water between the baseline and second follow-up was 
significantly greater for the information cohort (an increase 
of 21% points) compared with the water cohort (no change; 
 t  = 2.7,  df  = 110,  P  < 0.01). Similarly, the change in percentage 
of mothers in the information cohort who said they were reg-
ularly treating their household’s drinking water was greater 
for the information cohort than for the water/hand cohort (no 
change;  t  = 2.0,  df  = 81,  P  = 0.05). No significant difference in 
rates of reported water treatment was observed between the 
information and hand cohorts. 

 During the follow-up visits, respondents were also posed sev-
eral open-ended questions about any changes that their house-
hold had made in water storage practices. Roughly 30% of 
respondents in each cohort said that they were making efforts 
to keep stored water covered more consistently, and 25% said 
that they had tried to reduce the frequency with which fami-
lies members dipped their hands into storage containers. No 
significant differences in reported changes of water storage 
practices were observed between members of the information 
cohort and each of the test cohorts (all  P  > 0.15). 

   Multivariate modeling of reported changes in water 
management and hand hygiene practices.   Multivariate 
regression analyses were carried out to explore the factors 
associated with changes in reported water storage, water 
treatment, and hand hygiene behaviors recorded during the 
first follow-up visit ( Table 2 ). Overall, the explanatory power 
of these models is low, suggesting that important variables 
have been omitted. Two models of reported changes in 
drinking water treatment and handwashing with soap were 
fit to evaluate differences in baseline conditions across study 
participants. The first model includes all study participants along 
with a dummy variable representing baseline status for the 
relevant behavior (e.g., regular water treatment and frequency 
of handwashing with soap). The second model is restricted 
only to study participants whose baseline performance of the 
relevant behavior was poor (and thus, arguably had greater 
scope for improvement after the intervention). Specifically, 
only data collected from mothers who said at baseline that 
their households did not treat their drinking water and those 
who did not have soap in their homes at the baseline interview 
were used for Models 2B and 3B, respectively. (A second model 

of water storage practices could not be fit, because baseline 
water storage practices evaluated in the study exhibited little 
variation across participants.) 

      With all other variables held constant, cohort membership 
was significantly associated with reported increases in soap for 
handwashing. Members of the water and hand/water cohort 
were more likely to report having increased soap use after the 
intervention compared with those in the information cohort 
(all  P  < 0.05). In Model 3B, the average cohort effect is par-
ticularly large, with water and hand/water cohort members 
being 3.7 and 4.0 times, respectively, more likely than those 
in the information cohort to report increased use of soap 
for handwashing. Receiving a high stored water test result 
(as opposed to simply receiving test results or not) was not 
significantly associated with the reported behavior changes 
modeled. The association between hand-rinse test content 
and reported behavior could not be evaluated because of the 
much lower variation in hand test results. Among the moth-
ers who received a hand-rinse test result (all members of the 
hand or water/hand cohorts), 85% had a high result. The high 
degree of collinearity with cohort assignment makes it infea-
sible to uniquely assess the contribution of test result content 
to reported changes in hand hygiene behavior. 

   Changes in bacterial contamination of stored water and 
mothers’ hands.   At baseline, contamination of respondents’ 
stored drinking water with  E. coli  ranged between 1.3 and 
1.7 log CFU/100 mL across the four cohorts. The mean 
contamination in untreated versus reportedly treated stored 
water was 1.45 and 1.40 log CFU/100 mL, respectively. Because 
these contamination levels were not significantly different 
( t  = 0.4,  df  = 326,  P  = 0.68), treated and untreated waters were 
considered in aggregate for all analyses. 

 Across all study participants, contamination of stored drink-
ing water was higher by an average of 0.12 log CFU/100 mL 
between baseline and the first follow-up visit and higher by an 
average of 0.09 log CFU/100 mL between baseline and the sec-
ond follow-up visit ( P  > 0.20 for both comparisons). To com-
pare estimated marginal mean changes in the log-transformed 
contamination levels across the cohort given the differing 
baseline contamination levels, one-way analysis of covariance 
was used ( Figure 1 ). No significant differences were detected 

 Table 2 
  Logistic regression of reported behavior changes between baseline and first follow-up survey  

  SD = standard deviation; SE = standard error.  
  * 0.01 < P £ 0.05 . 

Mean (SD) 
value for full 

sample

Reported improved 
water storage practices

Reported initiation or increased frequency 
of drinking water treatment

Reported initiation of or more frequent 
handwashing with soap

Model 1: full sample, 
 N  = 328 (SE)

Model 2A: full sample, 
 N  = 332 (SE)

Model 2B: no reported water 
treatment at baseline,  N  = 136 (SE)

Model 3A: full sample, 
 N  = 332 (SE)

Model 3B: no soap observed 
at baseline,  N  = 91 (SE)

Intercept – −0.83 (0.25) −1.45 (0.34) −1.00 (0.45) −1.03 (0.31) −1.30 (0.53)
Hand cohort (dummy) 0.25 (0.44) −0.33 (0.35) −0.45 (0.44) −0.70 (0.62) 0.48 (0.34) 0.45 (0.70)
Water cohort (dummy) 0.27 (0.44) 0.02 (0.35) 0.28 (0.41) −0.20 (0.66) 0.78* (0.35) 1.31* (0.68)
Hand/water cohort (dummy) 0.24 (0.43) 0.12 (0.35) 0.25 (0.42) −0.72 (0.69) 0.74* (0.35) 1.39* (0.71)
High water test result received 

(dummy) 0.15 (0.36) 0.52 (0.35) −0.37 (0.43) 0.37 (0.70) 0.09 (0.34) 0.17 (0.67)
Beyond primary education 

(dummy) 0.23 (0.42) – – −1.07 (0.79) – −0.38 (0.66)
Reported drinking water 

treatment at BL (dummy) 0.56 (0.50) – 0.14 (0.29) – – –
Reported regular soap use at 

BL (dummy) 0.42 (0.49) – – – 0.02 (0.26) –
−2 log likelihood 406.81 305.73 125.21 434.15 112.09
Quasi  R  2 0.08 0.03 0.05 0.03 0.12   
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between the information and each of the test result cohorts 
with respect to the change in the estimated marginal mean 
level of stored drinking water  E. coli  contamination between 
baseline and either the first or second follow-up visits (all 
 P  values > 0.20). 

  Contamination of mothers’ hands with  E. coli  during the 
baseline visit ranged between 2.9 and 3.4 log CFU/2 hands 
across the four cohorts. Across all study participants, the aver-
age concentration of  E. coli  on mothers’ hands was 0.32 log 
CFU/2 hands lower in the first follow-up compared with the 
baseline ( t  = 4.06,  df  = 241,  P  < 0.001). No significant differ-
ence was detected in the mean level of hand contamination 
between the second follow-up and the baseline ( t  = 0.82, 
 df  = 198,  P  = 0.42). 

 One-way analysis of covariance was used to adjust cross-
cohort comparisons for baseline differences in hand contam-
ination. No significant differences between the information 
and the hand cohort were detected when comparing estimated 
marginal mean changes in contamination between baseline 
and either follow-up visit ( Figure 2 ). The mean estimated 
marginal change between baseline and the second follow-up 
for the information cohort—a reduction of 0.29 log CFU/2 
hands—was 0.36 log CFU greater than that of the water cohort 

( P  = 0.04) and 0.37 log CFU greater than that of the water/
hand cohort ( P  = 0.05). 

    Multivariate modeling of changes in water and hand 
contamination.   Multivariate regression analyses were used to 
explore the factors associated with changes in log-transformed 
 E. coli  contamination of stored drinking water and mothers’ 
hands.  Table 3  presents model results for the changes observed 
between baseline and the first follow-up visit (results 
obtained for the second follow-up visit are presented in the 
Supplemental Information). On average, members of the hand 
cohort exhibited a 0.40 log CFU/2 hands increase in hand 
contamination during the follow-up visit compared with the 
information cohort ( P  < 0.05) after controlling for baseline 
conditions and reported behavior change after the intervention. 
No other cohort effect was observed. Additionally, receipt 
of a high water test result was not significantly associated 
with mean changes in  E. coli  levels of stored drinking water 
( P  > 0.20). 

      Variations in baseline levels of contamination account for 
most of the changes observed at the follow-up visits, consistent 
with the notion that repeated measures of non-random sub-
samples from a population will trend to the mean value for the 
entire sample.  27   At the same time, mothers who reported that 
their families had increased their use of soap for handwashing 
after the informational intervention had a reduction of 0.3 log 
CFU/2 hands more  E. coli  than those reporting no increase in 
soap usage, with all other variables held constant ( P  = 0.02). 
However, this effect did not persist to the second follow-up 
visit. Interestingly, the mean contamination of stored drinking 
water was 0.27 log CFU/100 mL lower in households where 
mothers reported an increase in the frequency of handwashing 
in the post-intervention period. The effect was only marginally 
significant ( P  = 0.09) but did persist into the second follow-
up, with the mean difference in stored water contamination 
increasing to 0.36 log CFU/100 mL compared with baseline 
( P  = 0.09). Finally, mothers who had completed formal educa-
tion beyond primary school had an average of 0.41 log CFU/
100 mL greater reduction of drinking water contamination 
compared with those with less education. This association was 
no longer evident at the second follow-up visit. 

   Test cohort participants’ reaction to intervention.   In general, 
test cohort members were eager to receive their test results 
and discuss them with enumerators. Among mothers who 
received stored water test results during the intervention visit, 
89% reported discussing those results within their families, and 
39% said they discussed their result with persons outside the 
family, most often a neighbor. A greater percentage of mothers 
who received low water test results shared this information 
with others compared with mothers who received medium or 
high results, but the difference was not statistically significant 
( P  = 0.13). Fifty-one percent of mothers who received a water 
test result said that it showed their family’s drinking water to 
be more contaminated than they expected, whereas 43% said 
that the results were either consistent with their expectations 
(33%) or indicated lower levels of contamination than they 
had expected (10%). Reactions to the hand-rinse test results 
were very similar; 87% of mothers reported discussing the 
result with family members, and 34% discussed it with others 
outside the family. Fifty-four percent of mothers who received 
a hand-rinse test result said that it showed their hands to be 
more contaminated than they expected, whereas 40% said 
that the results were either consistent with their expectations 

 Figure 1.    Change in estimated marginal mean concentration log-
transformed  E. coli  (log CFU/100 mL) in stored drinking water by cohort 
and study phase. Negative values indicate a reduction in contamination.    

 Figure 2.    Change in estimated marginal mean concentration of log-
transformed  E. coli  (log CFU/2 hands) on mothers’ hands by cohort and 
study phase. Negative values indicate a reduction in contamination.    
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(31%) or indicated lower levels of contamination than they 
had expected (9%). 

    DISCUSSION 

 This study assessed the feasibility and utility of using stored 
water and hand-rinse test results as informational interventions 
to motivate improved water management and hand hygiene 
in a resource-constrained setting. Across all cohorts, study par-
ticipants significantly increased the number of water treat-
ment methods that they could name without prompting, rates 
of reported handwashing, and rates of reported drinking water 
treatment between the baseline and follow-up visits. A substan-
tial proportion of mothers also said that their families made 
efforts to improve their water management and hand hygiene 
practices after the informational intervention. The potential for 
social desirability and repeated testing effects to generate upward 
bias in these self-reported data should be borne in mind. 

 Indeed, evidence regarding the translation of these reported 
behavioral changes and knowledge gains into lower rates of 
FIB contamination    in the household environment is mixed. 
Across all cohorts, mothers had an average of 26% and 19% 
lower levels of  E. coli  contamination on their hands at their first 
and second follow-up visits, respectively, compared with base-
line levels (both  P  < 0.01). By contrast, mean levels of  E. coli  
found in stored drinking water increased by 29% and 20% 
between baseline and follow-up 1 and 2, respectively, although 
these changes were not statistically significant (both  P  > 0.20). 

 The short duration of the study limits our ability to draw 
conclusions about the persistence of these changes in house-
holds’ drinking water management and hand hygiene. Data 
collected during the second follow-up visit, however, are sug-
gestive of diminishing effects less than 2 mo after the inter-
vention. It should also be noted that, because this study did 
not include a true control group (i.e., households from whom 
information and samples were obtained without the provision 
of either health information or test results), the impact of the 
household visit itself cannot be distinguished from that of the 
health message intervention. 

 Given the limited duration of this study, the impact of 
the interventions on health outcomes was not a focus of the 

research. Incidence of respiratory and gastrointestinal symp-
toms was tracked, however, to define incidence of respiratory 
illness (RI), highly credible RI (HCRI), gastrointestinal illness 
(GI), and highly credible GI (HCGI). No statistically signifi-
cant change in rates of illness was observed for the full sam-
ple of mothers across study phases, and rates of change were 
not significantly different for the information versus each of 
the test cohorts (all  P  > 0.20). Additional work is needed to 
determine whether the hand hygiene and water management 
behavior changes observed among study participants had any 
impact on the health of their household members. 

 These caveats acknowledged, evidence from the multivar-
iate analysis suggests that water and hand/water test cohort 
members had significantly higher rates of self-reported behav-
ior change compared with those in the information cohort. At 
the same time, information cohort members exhibited a sig-
nificantly greater reduction of  E. coli  on their hands compared 
with the test cohorts. No significant change in mean  E. coli  lev-
els of study participants’ stored drinking water was observed 
for any cohort. Taken together, these findings suggest that 
respondents who received household test results in this study 
were more likely to report behavioral improvements com-
pared with the information cohort but were equally or less 
likely to experience actual reductions in  E. coli  contamina-
tion in water and on hands, respectively. The cost and logistical 
demands of incorporating bacteriological testing into cam-
paigns to improve household water management and hand 
hygiene can be considerable. The evidence from this study sug-
gests that additional research is needed to elucidate conditions 
under which such testing can deliver cost-effective results. 

 Received February 25, 2010. Accepted for publication November 22, 
2010. 

 Note: Supplemental data appear at www.ajtmh.org. 
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Mean (SD) value for full sample
Model 1: change in stored water 
contamination (log CFU/100 mL)

Model 2: change in hand contamination 
(log CFU/2 hands)

Intercept – 1.59 (0.22) 2.22 (0.29)
Member of hand cohort (dummy) 0.24 (0.43) 0.17 (0.20) 0.40 *  (0.14)
Member of water cohort (dummy) 0.31 (0.46) −0.08 (0.20) 0.17 (0.18)
Member of hand/water cohort (dummy) 0.22 (0.42) −0.03 (0.21) 0.30 (0.20)
Received high water test result (dummy) 0.15 (0.36) 0.30 (0.24) –
Baseline  E. coli  level (log CFU) Water: 1.36 (0.98); hand: 3.20 (0.93) −1.04 †  (0.08) −0.81 †  (0.07)
Reported improved water storage (dummy) 0.26 (0.44) 0.05 (0.15) –
Reported increased water treatment (dummy) 0.26 (0.44) −0.11 (0.16) –
Reported increased handwashing frequency (dummy) 0.24 (0.42) −0.27 ‡  (0.16) −0.14 (0.16)
Reported increased use of soap (dummy) 0.47 (0.50) 0.09 (0.14) −0.30 *  (0.13)
Completed education beyond primary level (dummy) 0.22 (0.42) −0.41 *  (0.16) 0.05 (0.16)
Adjusted  R  2 – 0.49 0.37
 N – 238 240

  Negative coefficients indicate reduction in mean contamination. SD = standard deviation.  
  *    P  ≤ 0.01.  
  †   0.01 <  P  ≤ 0.05.  
  ‡   0.05 <  P  ≤ 0.10.  
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