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Abstract. Enteric pathogens can be transmitted within the household and the surrounding neighborhood. The objective of this study was to understand the effect of neighborhood-level sanitation coverage on contamination of the
household environment with levels of fecal indicator bacteria in rural Bangladesh. We conducted spot-check observations of sanitation facilities in neighboring households (NHs) within a 20-m radius of target households with children aged
6–24 months. Sanitation facilities were deﬁned as improved (a private pit latrine with a slab or better) or unimproved. Fecal
coliforms (FCs) on children’s hands and sentinel toy balls were measured and used as indicators of household-level fecal
contamination. We visited 1,784 NHs surrounding 428 target households. On average, sentinel toy balls had 2.11
(standard deviation [SD] = 1.37) log10 colony-forming units (CFUs) of FCs/toy ball and children’s hands had 2.23 (SD =
1.15) log10 CFU of FCs/two hands. Access to 100% private improved sanitation coverage in the neighborhood was
associated with a small and statistically insigniﬁcant difference in contamination of sentinel toy balls (difference in
means = −0.13 log10 CFU/toy ball; 95% conﬁdence intervals [CI]: −0.64, 0.39; P = 0.63) and children’s hands (difference in
means = −0.11 log10 CFU/two hands; 95% CI: −0.53, 0.32; P = 0.62). Improved sanitation coverage in the neighborhood
had limited measurable effect on FCs in the target household environment. Other factors such as access to improved
sanitation in the household, absence of cow dung, presence of appropriate water drainage, and optimal handwashing
practice may be more important in reducing FCs in the household environment.

sanitation provides an externality beneﬁt due to immediate
neighbor’s access to sanitation.
A study conducted in Brazil assessed the effect on child diarrhea of a city-wide intervention to improve sewerage coverage. Following the intervention, there was a 22% reduction in the
longitudinal prevalence of diarrhea. Household-level sanitationrelated variables (indoor latrine and household excreta disposal)
explained only 17% of the heterogeneity of the program effect,
whereas neighborhood sanitation coverage through sewerage
connection explained 100% of the heterogeneity.14 This suggests that in this setting, neighborhood-level sanitation access
was more important than household-level sanitation access in
preventing diarrheal disease transmission. In most low-income
rural settings, sewage connections are not feasible. As of 2010,
60% of global urban residents reported using facilities linked to
sewers compared with only 12% in rural areas.17 Most sanitation
facilities in rural areas of low-income countries are onsite (pit
latrines, septic tanks, and other household-level technologies
that do not involve sewerage). In 2010, 64% of the global rural
population reported using onsite sanitation facilities.17 In rural
settings with predominantly onsite sanitation, the impact of
neighborhood sanitation may be different.
Studies conducted in rural contexts with predominantly
onsite sanitation facilities have also highlighted that neighborhood sanitation coverage may be important.10,18 However,
from these studies, we cannot understand the beneﬁts of
externalities due to sanitation access in the neighborhood.
Other studies conducted in the rural context suggest that
neighborhood sanitation may provide additional externality
beneﬁts in terms of preventing diarrhea.9 For example, a study
used data from an Indian nationwide survey of rural households. The ﬁndings suggest that community-level improved
sanitation coverage is associated with a 37% additional reduction in diarrhea prevalence, in addition to reduction due to
household-level improved sanitation coverage.9 A second
study that used Demographic and Health Survey (DHS) data

INTRODUCTION
Enteric pathogens excreted in feces can be transmitted
through contaminated food and drink, from person to person
(hand to mouth), or from contact with a fomite or ﬂies either
through contaminated food and utensils or landing directly on
children.1–4 In rural areas of densely populated countries,
households live very close to each other. Members of neighboring households (NHs) often share a yard along with basic
water and sanitation infrastructure.5 This allows frequent
movement of adults and children between households within
the neighborhood, resulting in enteric pathogens spread
across households and the surrounding community.6–8
Sanitation facilities that separate feces from the environment are expected to create a primary barrier to break the
chain of transmission of enteric pathogens.1,2 Sanitation may
prevent transmission of enteric pathogens in two ways. There
may be a direct beneﬁt to a household due to improving
household sanitation. There may be also an additional external
beneﬁt due to immediate neighbor’s access to sanitation that
result in a lower probability of human contact with human
excreta.9 We have limited empirical evidence to understand
whether the beneﬁts of sanitation at household level critically
depend on sanitation coverage across the neighborhood.10
Several studies have assessed the effect of community
sanitation coverage on health. A few studies have looked at the
effect of community coverage of sanitation facilities connected
to sewer systems or septic tanks in urban contexts.11–16 These
studies show the importance of community sanitation access,
but they do not clarify the role of neighborhood sanitation on
target households in preventing fecal contamination and related health outcomes. From these studies, we do not know if
* Address correspondence to Tarique Md. Nurul Huda, icddr,b, IPH
building (Level 2), 68 Shaheed Tajuddin Ahmed Sharani, Dhaka 1212,
Bangladesh. E-mail: tariquehuda@yahoo.com
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suggests that children from villages with a higher open defecation rate were shorter after controlling for effect of householdlevel sanitation practices.19 Similar studies have so far not been
repeated in other settings. Depending on prevalence of a disease in a speciﬁc context, the effect of risk factors such as lack of
sanitation may have variable effect in reducing the disease.20,21
For example, in a given context, improving sanitation may reduce diarrheal disease prevalence but in a similar setting when
the prevalence is lower, sanitation interventions may no longer
reduce prevalence of diarrheal disease. The classiﬁcation of
sanitation facilities in DHSs may be prone to misclassiﬁcation as
the categories used in the DHSs do not capture the function of
sanitation facilities in separating feces from environment.
The objective of this study was to assess the association
between neighborhood sanitation coverage and contamination of the household environment with levels of fecal indicator
bacteria to help inform decisions regarding the focus of sanitation interventions and how we monitor global progress.
METHODS
We conducted an observational, cross-sectional study
between September and October 2013, in rural areas of
Mymensingh and Narshingdi districts of Bangladesh. We
conducted the study in villages that were participating in
the Sanitation, Hygiene Education, and Water supply in Bangladesh health impact study described elsewhere.22 We
conducted verbally administered questionnaire surveys, spotcheck of sanitation facilities, and microbial assessment of
children’s hands and sentinel toy ball (described in the following paragraphs).
Neighboring household selection. The enumerators systematically selected 454 target households with a child aged
6–24 months, from a simple random sample of villages enrolled for a health impact study as described elsewhere.23 The
youngest child aged 6–24 months of age in the target
household was considered as the target child. All NHs within a
20-m radius of the entrance to the living room of each target
household were enrolled in this study. We deﬁne the term
“neighborhood” as the immediate NHs. The distance between
households was measured using a handheld global positioning system unit “Garmin Etrex legend H” (GARMIN,
Southampton, Hampshire, UK).24 Target households were
separated by a distance of at least 50 m ensuring that none of
the NHs was counted for more than one target household.
Data collection tools. Neighborhood and target household
data were collected by enumerators that used a verbally administered, structured questionnaire and spot-check observations on household possessions; water, sanitation, and
hygiene-related behavior and facilities in target households.23
Enumerators used a shorter version of this procedure to collect information about human and animal feces disposal
practices in the NHs. Data were recorded using a tablet
computer.
Microbiological sample collection. We used contamination of toys and hands by fecal indicator bacteria as an indicator of fecal contamination of the household environment.
Throughout the article, the term “fecal contamination” refers
to contamination with fecal indicator bacteria.
Hand rinse: Before administering the household survey, the
ﬁeld team rinsed both hands of the target child (aged 6–
24 months) from each target household. Hands were rinsed for

30 seconds each, in a Whirl-Pak bag (19 × 38 cm) (Nasco, Fort
Atkinson, WI) ﬁlled with 200 mL of Ringer’s solution.25
Sentinel toy ball rinse: Standard-sized (20 cm circumference) sentinel toy balls (Figure 1) given to children to play with
were collected after 24 hours and rinsed in a Whirl-Pak bag
(19 × 38 cm) ﬁlled with 200 mL of Ringer’s solution for 30
seconds following the methods used previously.26
All samples were transported in a cool box to the icddr,b
Environmental Microbiology Laboratory within 15–18 hours of
collection, maintaining a temperature of 4–10°C.
Enumeration of fecal coliforms (FCs). Fecal coliforms
were enumerated using a membrane ﬁltration technique with
modiﬁed FC agar plates, within 24 hours of collection.27,28 The
results were calculated as colony-forming units (CFUs) present per 200 mL of recovered media that bathed the toy balls
or hands.
Ethics. Written informed consent was taken from the primary caregiver of the child aged 6–24 months before enrolling
in the study. The study protocol was approved by the Ethical
Review Committee of icddr,b, Bangladesh, and London
School of Hygiene and Tropical Medicine, United Kingdom.
Operational deﬁnitions of variables used in the analysis.
Our analysis included the following variables: neighborhood
sanitation coverage (primary exposure variable), household access to improved sanitation, household wealth, latrine cleanliness, hand cleanliness, appropriate child feces disposal, and FC
counts (primary outcome variable) from hands and sentinel toys.
These variables are deﬁned in the following paragraph.
Access to improved sanitation: We categorized access to
improved sanitation using deﬁnition used by the WHO/
United Nations Children’s Fund (UNICEF) Joint Monitoring
Program (JMP) for water supply and sanitation.29 Following
the JMP, we categorized ﬂush/pour ﬂush latrines and pit latrines with slabs as improved, provided these were not shared
between households. Although during formulation of the indicators for the Sustainable Development Goals it was proposed that if a sanitation facility is shared by maximum ﬁve
households, it will be considered as improved, the ﬁnal deﬁnition did not use the deﬁnition of < 5 versus > 5 households
because of lack of evidence that ﬁve households were a reliable threshold for classifying one sanitation facility as safe and
another unsafe. Unimproved sanitation included pit latrines

FIGURE 1. Sentinel toy ball. This ﬁgure appears in color at www.
ajtmh.org.
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without slabs, hanging latrines, and ﬂush/pour ﬂush latrines
with no connection to a sewer or septic tank, that is, no facility.
Shared facilities of improved design are considered as “limited
sanitation” by JMP and here they were grouped together with
unimproved.
Neighborhood sanitation coverage (primary variable of interest): We calculated neighborhood sanitation coverage as the
proportion of NHs with access to improved latrines. We treated
the neighborhood improved sanitation coverage variable in two
different forms: 1) categorical (no improved sanitation in the NH,
1–25% coverage, 26–50% coverage, and 50–100% coverage)
and 2) binary (100% coverage and < 100% coverage).
Household wealth: To assess the wealth of target households,
we used principal component analysis with 23 household characteristics, excluding sanitation and water access.30,31 We calculated the means, frequencies, and score coefﬁcients and used
the correlation matrix of the 23 variables to calculate sample
weights.30,32,33 We initially divided the wealth score into quintiles
(lower, lower middle, middle, upper middle, and upper). Then we
recoded the wealth score as a binary variable rich (upper wealth
quintile) or poor (lower, lower middle, middle, and upper middle
wealth quintiles).
Hand cleanliness: If the trained enumerators observed no
visible dirt on the hands or under the nails of the target child,
then the child was considered to have clean hands.
Appropriate water drainage system: A household was
considered to have an appropriate water drainage system if a
cemented/non-cemented or soak pit was found for disposal of
domestic waste water.
Latrine cleanliness: We considered a household to have a
clean latrine if the enumerators observed no feces on the slab/
ﬂoor and pan of the latrine at the time of visit.
Safe child’s feces disposal: The feces of children (younger
than 3 years) were considered to be disposed safely if they
were reported to be disposed inside a latrine.34

15. Study site: Broad
geographical, social, and
cultural context

Data analysis. We ﬁrst converted the FC concentrations to
their base 10 logarithms for calculating means. A FC level of < 1
was replaced with the value 0.5 (half the detection limit)
before the conversion. We calculated the difference in log10transformed arithmetic mean CFU of FCs comparing households with different levels of sanitation coverage in the
neighborhood using a linear regression model. To account for
the clustering effect at village level, we used a generalized
least squares random effects model explicitly allowing the
average outcome to vary between village clusters.35–39
We used causal diagrams to decide which variables to include in the univariable analysis as potential confounders,
excluding variables on the same causal pathway as the exposure variables (Figure 2). We then conducted univariable
analyses to estimate the crude effect of the primary exposure
variable (improved sanitation coverage in the neighborhood)
and potential confounding variables on the main outcome,
adjusting for the effect of village-level clustering. We decided a
priori to include mother’s education and wealth as confounders even if they were not associated with the outcome in
the univariable analysis. We included all potential confounders
in the multivariable model if they were associated with the
exposure and outcome in the univariable analysis.39,40 For a
variable to be considered associated with the outcome in the
univariable analysis, we used P < 0.1 as the cutoff instead of
the conventional P < 0.05 so as to be more inclusive in our
effort to incorporate all potential confounders. However, for
associations based on adjusted analyses, using multivariable
models, we did not consider a speciﬁc threshold P-value.
Rather, we considered the smaller the P-value, the stronger
the evidence rejecting the null hypothesis. We also tested for
normality of residuals and homoscedasticity of the models.
We generated separate multivariable models for toy
contamination and hand contamination as outcomes. For
each of the outcomes, we used two different forms for

14. Animal feces in neighborhood

Primary exposure
1. Lack improved sanitaon
in the neighborhood

Lack improved sanitaon
in household
Low HH* wealth
Own animal

16. Time of sample
collecon

8. Other neighborhood sanitaon:
Unsafe child feces disposal
Feces in the toilet slab
Open feces in the yard
2. Fecal contaminaon of vehicles
and vectors (fomites, ﬂies, tracking
by people, objects, and animals)

3. HH* fecal
contaminaon
(surface/soil, water, and ﬁeld

Outcome
4. Fecal
contaminaon of
hands and toys

9. Other sanitaon:
Unsafe child’s feces disposal
Feces in the toilet slab
Open feces in the yard
10. Presence of animal feces

Low parental educaon

Household hygiene: Inappropriate solid waste
disposal and inappropriate water drainage

Potenal confounders
Unmeasured variables

Unimproved water source
Child washed hands within half an hour
Child was acve in the preceding half an hour

Variables in causal pathway

Visible cleanliness of hands
and nails

FIGURE 2. Directed acyclic graph showing the variables measured and included in the multivariable analysis.
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neighborhood-improved sanitation coverage variable (categorical and binary).
RESULTS
Neighborhood characteristics. The 454 target households visited had a mean of four NHs within a 20-m radius.
Twenty-two target households had no NH within a 20-m radius and an additional four target households had one NH, but
none of the family members of those NHs were present during
data and sample collection. In this article, we present data
from 1,784 NHs around 428 target households. These NHs
had ﬁve members on average and 35% (n = 684) had at least
one child younger than 5 years. The majority (n = 1,431, 80%)
of the NHs had animal feces present within the household
premises at the time of observation. Among these, 24%
(n = 467) had more than 10 piles of open poultry feces and
11% (n = 213) had more than 10 piles of cow dung, whereas
16% (n = 321) had goat feces present (Table 1).
Among the NHs, 1,672 (94%) reported having access to a
latrine. Almost all (99%) of the households with latrine access
had a worn path to the latrine, suggesting regular use. Almost

all of these households (99%) reported using the latrine within
the 24 hours preceding spot-checks. Among the NHs 60%
(n = 1,012), reported access to a shared latrine. About 22% of
the households had a ﬂush or pour ﬂush latrine with a septic
tank or a pit, whereas 24% households reported to have access to a pit latrine without ﬂush technology. Twenty-two
percent of the households had access to a private improved
latrine. There were 1,615 households that had a latrine with a
slab. Seventeen percent of these latrines were visibly clean
(Table 1). Shared latrines were more likely to be dirty than
individual latrines (182/969 = 19% versus 90/646 = 14%, P =
0.01). Among 432 households (subset of the 1,784 NHs), with
one or more children younger than 3 years, 22% reported that
they disposed of the child’s feces in a latrine.
Target household characteristics. Almost a quarter (24%)
of the target households had access to private improved
sanitation (Table 2). Only 5% of the households had no access
to a toilet. Characteristics of the target households have been
presented in more detail elsewhere.23
Almost half of the target households (n = 204, 48%) were
from neighborhoods with no improved sanitation access.
Seven percent of the target households (n = 29) were from

TABLE 1
Neighborhood household characteristics
Household level data (N = 1,784)*
n

Mean number of HH member
1,784
Proportion of HH with a < 5-year child
684
Proportion of HH with access to a latrine
1,672
Proportion of HH with worn path to latrine§
1,666
Sanitation access according to technology (ignoring sharing)
Open defecation
102
Pit latrine without a slab, hanging latrine, and
858
pit latrine with a slab but broken pit
Pit latrine with a slab
436
Flush/pour ﬂush latrine with a septic tank or pit
388
Proportion of HH that privately owns a latrine§
862
Proportion of HH with access to a shared latrine§
1,012
Mean number of individuals using a latrine
1,682
Mean number of HH sharing a latrine
1,012
Sanitation access according to Joint Monitoring Program classiﬁcation
Private improved
389
Unimproved
1,395
Proportion of HH with a dirty latrine§
272
Reported < 5 child feces at the defecation site
Open: Filed/bush/yard/ﬂoor
390
Potty
80
Nappy
69
In a latrine
145
Safe child feces disposal§
93
Number of piles of poultry feces found in or around HH
No feces
613
1–10 piles
868
10 > piles
467
Number of piles of cow dung found in or around HH
No feces
1,323
1–10 piles
412
10 > piles
213
Goat feces found in or around HH
Present
1,627
Absent
321

Neighborhood level data†

% or mean

n‡

Mean (±SD)

4.6
35%
94%
99%

428
428
428
428

4.6 (±1.1)
37% (±29%)
93% (19%)
93% (±20%)

5.7%
48%

428
428

6% (±19%)
46% (±37%)

24%
22%
51%
60%
8
2.9

428
428
428
428
428
428

25% (±33%)
22% (±32%)
51% (±34%)
54% (±36%)
7.6 (±3.2)
2.7 (±0.9)

22%
78%
17%

428
428
428

24% (±30%)
76% (±30%)
16% (±27%)

57%
12%
10%
21%
22%

428
428
428
428
428

22% (±27%)
4% (±12%)
4.4% (±14%)
6.9% (±15%)
5% (±14%)

31%
45%
24%

428
428
428

32% (±39%)
50% (±40%)
28% (±37%)

68%
21%
11%

428
428
428

70% (±43%)
25% (±33%)
14% (±28%)

84%
16%

428
428

19% (±31%)
90% (±38%)

HH = household; NHs = neighboring households.
* Here data on all NHs are presented without considering the study design element
† Here, data are presented considering the study design. The study design involved sampling clusters of households (neighborhood), with one “target” HH and n(i) of surrounding HHs, where i is a
variable. For this, we ﬁrst calculated the mean or proportions for the NHs for each target HH and then we presented the mean and standard deviation of the neighborhood characteristics for the target
HHs.
‡ Here, “n” represents number of neighborhoods.
§ For these variables, N (denominator) is smaller than 1,784.
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TABLE 2
Relationship between neighborhood (NH) sanitation and log10-transformed fecal coliform colony-forming units/toy ball (N = 428 HHs)
Univariable
Exposures

n (%)*

Mean (standard
deviation)

Primary exposure: NH sanitation coverage
1a. Proportion of improved sanitation coverage in the NHk
No improved sanitation
204 (48)
2.07 (1.45)
Up to 25% coverage
80 (19)
2.08 (1.20)
26–50% coverage
88 (21)
2.30 (1.38)
51–100% coverage
56 (13)
2.04 (1.26)
1b. Improved sanitation coverage in the NHk
100% coverage
29 (7)
1.99 (1.23)
< 100% coverage
399 (93)
2.12 (1.38)
Other HH variables‡
2. Improved sanitation access of target HH
Improved
103 (24)
1.85 (1.25)
Unimproved
325 (76)
2.20 (1.40)
3. Number of goat feces pile in compound
No feces
295 (69)
2.04 (1.36)
1–10 piles
90 (21)
2.19 (1.26)
> 10 piles
43 (10)
2.50 (1.62)
4. Presence of any goat feces in HH{
96 (22)
2.37 (1.44)
5. Number of cow dung pile in compound
No cow dung
187 (44)
2.06 (1.37)
1–10 cow dung
153 (36)
2.15 (1.33)
10 > cow dung
87 (20)
2.17 (1.45)
6. Number of cow dung pile in HH
No cow dung
248 (58)
2.06 (1.37)
1–10 cow dung
129 (30)
2.09(1.38)
10 > cow dung
51 (12)
2.42 (1.34)
7. Number of poultry feces piles in the compound
£ 10 piles
219 (51)
2.11 (1.35)
10 > piles
209 (49)
2.12 (1.39)
8. Number of poultry feces piles in HH{
No feces
91 (21)
1.20 (1.24)
1–10 piles
208 (49)
2.13 (1.46)
More than 10 piles
129 (30)
2.17 (1.30)
9. Presence of appropriate water
247 (58)
2.03 (1.35)
drainage
10. Presence of an appropriate solid
10 (2.3)
1.78 (2.00)
waste disposal system
11. Hands/nails looked visibly clean
65 (15)
1.88 (1.34)
12. Mother with any formal education
355 (83)
2.07 (1.36)
13. HH belongs to the upper (richest)
78 (18)
1.88 (1.19)
wealth quintile
14. Change in time (hour) of sample
–
–
collection as the day progresses
15. Study site
Narshingdi district
226 (53)
2.28 (1.38)
Mymensingh district
216 (48)
1.90 (1.34)

Median

Difference in
mean† (95% CI)

Multivariable
P value†

Difference in
mean†‡ (95% CI)‡

P-value†‡

1.90
2.14
2.36
1.90

–
0.01 (−0.37, 0.34)
0.19 (−0.15, 0.54)
−0.07 (−0.48, 0.33)

–
0.94
0.26
0.72

–
−0.08 (−0.43, 0.27)
0.14 (−0.2, 0.48)
0.04 (−0.38, 0.46)

–
0.67
0.42
0.84

1.92
2.08

−0.13 (−0.64, 0.39)
–

0.63
–

−0.10 (−0.63, 0.42)
–

0.70
–

1.60
2.20

−0.37 (−0.67, −0.07)
–

0.02
–

−0.35 (−0.68, −0.03)
–

0.03
–

1.90
2.20
2.20
2.38

–
0.18 (−0.14, 0.51)
0.50 (0.06, 0.94)
0.35 (0.04, 0.67)

–
0.30
0.03
0.03

–
0.2 (−0.13, 0.52)
0.31 (−0.13, 0.76)
–

–
0.24
0.17
–

1.90
2.20
2.33

0
0.10 (−0.20, 0.39)
0.14 (−0.21, 0.49)

0.52
0.43

–
–
–

–
–

1.90
2.20
2.45

0
0.04 (−0.25, 0.32)
0.36 (−0.05, 0.77)

–
0.79
0.08

–
0.07 (−0.23, 0.36)
0.37 (−0.06, 0.79)

–
0.66
0.09

2.08
2.08

–
0.02 (−0.23, 0.28)

–
0.85

–
–

–
–

1.90
2.08
2.08
1.90

0
0.14 (−0.21, 0.48)
0.18 (−0.19, 0.56)
−0.21 (−0.48, 0.05)

–
0.43
0.33
0.11

–
–
–
−0.3 (−0.57, −0.03)

–
–
–
0.03

2.05

−0.32 (−1.18, 0.53)

0.46

–

–

1.90
1.92
1.70

−0.30 (−0.66, 0.06)
−0.26 (−0.61, 0.08)
−0.34 (−0.68, −0.01)

0.10
0.13
0.05

−0.23 (−0.59, 0.14)
−0.23 (−0.59, 0.14)
−0.12 (−0.49, 0.24)

0.22
0.22
0.52

–

−0.17 (−0.28, −0.07)

0.002

−0.17 (−0.28, −0.06)

0.002

2.20
–

0.34 (0.05, 0.63)
–

0.02
–

0.49 (0.21, 0.76)
–

0.001
–

CI = conﬁdence intervals; HH = household; NHs = neighboring households.
* Number with presented category.
† Adjusting for clustering at village.
‡ The estimates and associated 95% CIs for the other HH variables presented here are from the multivariable model with variable 1a (proportion of improved sanitation coverage in the NH, as the
primary outcome).
k The variables included in the multivariable model includes improved sanitation access in the target HH, number of goat feces pile in compound, number of cow dung pile in HH, presence of
appropriate water drainage, hands/nails looked visibly clean, mother with any formal education, HH belongs to upper (richest) wealth quintile, change in time (hour) of sample collection as the day
progress, and study site.

neighborhoods with 100% improved sanitation coverage
(Figure 3).
Fecal contamination of sentinel toy ball. Among the 428
households where a toy ball was provided for the child to
play with, mothers from only two households reported that
the child did not play with the toy ball. Ninety-three percent
(n = 399) of the mothers reported that the child played with
the toy ball at least two times. Among the 428 sentinel toys,
44 (10%) of the rinse samples were below the detection limit
for FCs. No samples had FC levels that were above the
detection limit. On average, there were 2.11 (standard

deviation [SD] = 1.37) log10 CFU/toy ball with a median of
2.08 log10 CFU/toy ball.
Toy ball samples collected from target households in
neighborhoods with no private, improved sanitation access
had 2.07 (SD = 1.45) log10 CFU/toy ball on average. There was
minimal change in the level of toy ball contamination associated with higher improved sanitation coverage in the neighborhood. Toy ball samples collected from households in
neighborhoods with less than 100% improved sanitation
coverage had somewhat lower levels of contamination than
households in neighborhoods with 100% improved sanitation
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FIGURE 3. Distribution of improved sanitation coverage in the
neighborhood around 428 target households. This ﬁgure appears in
color at www.ajtmh.org.

FIGURE 4. Scatter plot showing log10-transformed fecal coliform
contamination of children’s hands and toys in rural Bangladesh. CV =
coefﬁcient of variation.

coverage (difference in means = −0.13 log10 CFU/toy ball;
95% conﬁdence intervals [CI]: −0.64, 0.39), but differences of
this magnitude are consistent with random variation (P = 0.63).
After adjusting for potential confounding household and
neighborhood characteristics, the ﬁndings were similar
(Table 2).
In restricted analysis among 103 target households with
access to improved sanitation, a higher proportion of access
to improved sanitation in the neighborhood was not associated with reduction in contamination of the toy ball with FCs.
Even at 100% improved sanitation coverage in the neighborhood, there was minimal reduction in contamination of the
toy ball with FCs (difference in mean = −0.03: 95% CI: −0.67,
0.60) compared with household with less than 100% improved sanitation access.
In the multivariate analysis, contamination of toy ball was
lower in target households with access to private, improved
sanitation compared with households with unimproved sanitation (adjusted difference in means = −0.35; 95% CI:
−0.68, −0.03). Households with appropriate water drainage
system had lower levels of FCs on toy ball than households
without appropriate water drainage system (adjusted difference in means = −0.3, 95% CI: −0.57, −0.03). Toy rinse samples collected from households with more than 10 piles of cow
dung had higher levels of FC contamination than children from
households with no cow dung (adjusted difference in
means = −0.37 log10 CFU/toy ball, 95% CI: −0.06, 0.79).
However, the association was only weakly statistically signiﬁcant (P = 0.09). Households from Narshingdi district had
higher levels of FC contamination than households from
Mymensingh district (adjusted difference in means = 0.49,
95% CI: 0.21, 0.76). Household wealth and mother’s education were not associated with FC level on hands (Table 2).
Fecal contamination of hands. Among the hand rinse
samples taken from 428 children younger than 2 years , 6%
(n = 27) of the samples were below the detection limit for FCs.
On average, children’s hands had 2.23 (SD 1.15) log10 CFU/
two hands with a median of 2.20 log10 CFU/two hands. Hand
contamination was only weakly correlated with toy ball contamination (r = 0.19, P = 0.44), and this low correlation could be
due to chance alone (Figure 4). A one log10 increase in the level

of FCs per two hands was associated with a 0.23 log10 increase in the level of FCs per sentinel toy ball (95% CI:
0.12, 0.34).
In households from neighborhoods with no improved sanitation access, there were on average 2.26 (SD = 1.13) log10
CFU/two hands. There was no statistically signiﬁcant change
in the level of FCs on hands as coverage of improved sanitation in the neighborhood increased. Households in neighborhoods with 100% improved sanitation coverage had
similar levels of hand contamination as those in neighborhoods with < 100% coverage (difference in means = −0.11;
95% CI: −0.53, 0.32) (Table 3).
In the restricted analysis among target households with
access to unimproved sanitation, a higher proportion of access to improved sanitation in the neighborhood was not associated with any reduction in FC level on children’s hands in
the target household (data not shown).
In the multivariate analysis, hand contamination was similar
in target households with access to private, improved sanitation and unimproved sanitation (adjusted difference in
means = 0.07; 95% CI: −0.2, 0.34). Children, who were playing
in the half hour preceding hand rinse sample collection, had
higher levels of FCs than children who were inactive (e.g.,
sleeping) (adjusted difference in means = 0.30 log10 CFU/two
hands, 95% CI: 0.04, 0.56). Children’s hands from households
with more than 10 piles of cow dung had higher levels of FC
contamination than children from households with no cow
dung (adjusted difference in means = −0.42 log10 CFU/two
hands, 95% CI: 0.07, 0.78). Household wealth and mother’s
education were not associated with FC level on hands
(Table 3).
DISCUSSION
In rural areas of Bangladesh with predominantly on-site
sanitation, access to improved sanitation in NHs was associated with small and statistically insigniﬁcant reductions in
fecal indicator bacteria on sentinel toy ball and children’s
hands. Even 100% neighborhood coverage of improved
sanitation was not associated with signiﬁcant reduction in
contamination. Access to private improved sanitation in the
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TABLE 3
Relationship between community-level water sanitation and hygiene-related variables and log10-transformed fecal coliform colony-forming units/
two hands of children younger than 2 years in rural Bangladesh (N = 428 HHs)
Univariable
Exposures

n (%)*

Mean (standard
deviation)

NH improved sanitation coverage
1a. Proportion of improved sanitation coverage in the NH{
No improved sanitation
204 (48)
2.26 (1.13)
Up to 25% coverage
80 (19)
2.28 (1.15)
26 to 50% coverage
88 (21)
2.12 (1.28)
51 to 100% coverage
56 (13)
2.25 (0.99)
1b. Improved sanitation coverage in the NH{
100% coverage
29 (7)
2.14 (1.04)
< 100% coverage
399 (93)
2.24 (1.16)
Other confounding variables§
2. Improved sanitation access in the target HH
Improved
103 (24)
2.23 (1.13)
Unimproved
325 (76)
2.23 (1.16)
3. Number of goat feces piles in compound
No feces
295 (69%)
2.18 (1.16)
1 to 10 piles
90 (21%)
2.28 (1.12)
> 10 piles
43 (10%)
2.50 (1.11)
4. Presence of any goat feces in HH
96 (22)
2.36 (1.13)
5. Number of cow dung piles in the compound
No cow dung
187 (44%)
2.21 (1.15)
1 to 10 cow dung
153 (36%)
2.21 (1.13)
10 > cow dung
87 (20%)
2.31 (1.19)
6. Number of cow dung piles in the HH
No cow dung
248 (58%)
2.14 (1.13)
1 to 10 cow dung
129 (30%)
2.30 (1.19)
10 > cow dung
51 (12%)
2.52 (1.08)
7. Number of poultry feces piles in the compound
£ 10 piles
219 (51%)
2.23 (1.17)
10 > piles
209 (49%)
2.23 (1.12)
8. Number of poultry feces piles in the HH
No feces
91 (21%)
2.10 (1.24)
1 to 10 piles
208 (49%)
2.29 (1.14)
More than 10 piles
129 (30%)
2.23 (1.10)
9. Presence of appropriate water
247 (58%)
2.23 (1.14)
drainage
10. Presence of an appropriate solid
10 (2.34%)
2.33 (1.36)
waste disposal system
11. Target child washed hands within
10 (2.34%)
2.33 (1.36)
half an hour preceding hand rinse
sample collection
12. Child was active in the preceding
339 (79%)
2.30 (1.14)
half an hour (playing)
13. Mother with any formal education
355 (83%)
2.24 (1.15)
14. HH belongs to upper (richest)
78 (18%)
2.07 (1.18)
wealth quintile
15. Change in time (hour) of sample
collection as the day progress
16. Study site—Narshingdi district
226 (53%)
2.19 (1.15)
Mymensingh district
202 (47%)
2.28 (1.14)

Median

Difference in
mean† (95% CI)

Multivariable
P-value†

Difference in
mean† (95% CI)

P-value†

2.25
2.20
2.30
1.90

–
−0.02 (−0.32, 0.28)
−0.16 (−0.44, 0.13)
−0.03 (−0.36, 0.31)

–
0.89
0.28
0.87

–
−0.04 (−0.33, 0.26)
−0.22 (−0.5, 0.06)
−0.06 (−0.41, 0.28)

–
0.80
0.13
0.71

1.90
2.20

−0.11 (−0.53, 0.32)

0.62

−0.18 (−0.62, 0.25)

0.41

2.20
2.20

0.02 (−0.23, 0.27)
–

0.89

0.07 (−0.2, 0.34)

0.61

2.20
2.20)
2.86
2.30

–
0.09 (−0.18, 0.36)
0.31 (−0.06, 0.68)
0.14 (−0.12, 0.4)

0.50
0.10
0.29

0.13 (−0.15, 0.4)
0.21 (−0.17, 0.58)

0.37
0.29

2.20
2.20
2.30

–
−0.01 (−0.26, 0.23)
0.15 (−0.14, 0.44)

0.92
0.31

2.20
2.30
2.78

0.13 (−0.11, 0.37)
0.46 (0.12, 0.8)

0.27
0.01

0.1 (−0.14, 0.35)
0.42 (0.07, 0.78)

0.42
0.02

2.20
2.20

–
−0.02 (−0.23, 0.2)

0.89

2.05
2.20
2.30
2.20

0.08 (−0.2, 0.37)
0.08 (−0.23, 0.39)
0.07 (−0.15, 0.29)

0.57
0.62
0.52

2.25

0.16 (−0.55, 0.86)

0.66

2.25

0.16 (−0.55, 0.86)

0.66

2.20

0.32 (0.06, 0.58)

0.02

0.30 (0.04, 0.56)

0.02

2.20
2.20

0.07 (−0.21, 0.36)
−0.14 (−0.42, 0.14)

0.62
0.33

0.11 (−0.17, 0.4)
−0.18 (−0.47, 0.12)

0.44
0.24

−0.14 (−0.23, −0.05)

0.004

−0.14 (−0.23, −0.05)

0.004

−0.09 (−0.39, 0.21)

0.56§

2.20
2.30

CI = conﬁdence intervals; HH = household; NH = neighboring households.
* Number with presented category.
† Adjusting for clustering at village.
§ The estimates and associated 95% CIs for the other HH variables presented here are from the multivariable model with variable 1a (increase in improved sanitation coverage in the NH [as the
primary outcome]).
{ The variables included in the multivariable model includes improved sanitation access in the target HH, number of goat feces pile in compound, number of cow dung pile in HH, hands/nails
looked visibly clean, child was active in the preceding half an hour (playing), mother with any formal education, HH belongs to upper (richest) wealth quintile, and change in time (hour) of sample
collection as the day progress.

target household was associated with lower level of FCs on
sentinel toy balls but not on children’s hands.
These ﬁndings suggest that in similar settings, high neighborhood coverage of improved sanitation may have little effect
on target household’s level of fecal contamination.
There are several possible explanations as to why neighborhood sanitation coverage was not associated with levels of
fecal indicator bacteria on children’s hands and toys. First, it is

possible that household sanitation access inﬂuences household contamination levels more than neighborhood sanitation.
Because children < 2 years of age are likely to spend most of
their time within their own home, contamination of their hands
and toys may closely reﬂect contamination of the their immediate domestic environment. In our study and in previous
small-scale studies conducted in Bangladesh and Tanzania,
household-level access to improved sanitation was found to
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be associated with lower contamination of toy balls and
hands.26,41,42
Second, there are other routes of contamination, such as
poor latrine cleanliness, presence of animal feces, or unsafe
disposal of children’s feces, that neither target household nor
neighborhood sanitation access can prevent. There may also
be important community-level social, geographical, cultural,
and/or environmental factors that we did not capture in our
study because we found that sentinel toys in Narshingdi district had a higher level of contamination compared with
children’s toys in Mymensingh district even after adjusting for
potential confounding factors.
Third, it is possible that we were unable to detect a difference in
the level of FCs associated with neighborhood sanitation because of low statistical power. Previous studies have found
contamination on toys and hands to be highly variable requiring a
large sample size to evaluate group differences.26 The sample
size calculation for this study was not determined considering
neighborhood sanitation coverage as the primary exposure.
However, the ﬁnding that children who were sleeping had signiﬁcantly lower levels of hand contamination than children who
were playing and that children with visibly dirty hands had higher
levels of hand contamination than children with visibly clean
hands suggests that hands could be an important source of
exposure to fecal contamination. The correlation between fecal
contamination of sentinel toy balls and hands with fecal indicator
bacteria was weak, and hand cleanliness was not associated
with contamination of the toy ball. These ﬁndings suggest that
contamination on toy balls is not a good indicator of hand contamination but contamination on toy ball could still be a good
indicator of household environmental contamination that a child
may come across. But from this study, we do not know if contamination on toy balls has biological relevance to child fecal
exposure and human health. Future studies linking contamination on sentinel toys with human health could help determine their
usefulness as an indicator of household fecal contamination.
Previous studies have identiﬁed neighborhood sanitation
coverage as important in reducing diarrheal disease.10,14,43
Although we found only small and statistically insigniﬁcant effects of neighborhood sanitation coverage on sentinel balls and
children’s hands, our results are not necessarily contradictory.
Children in neighborhoods with higher coverage of improved
sanitation may have experienced lower rates of diarrhea, despite similar measures of ball and hand contamination because
other pathways of transmission (ingestion of contaminated
food, water, and soil) may more strongly contribute to children’s
exposure to fecal contamination. In our study, the presence of
cow dung was associated with signiﬁcantly higher contamination of children’s hands with fecal indicator bacteria, although the presence of goat feces and chicken feces was not
associated with FC levels on hands or toy ball. In a previous
study conducted in Bangladesh, mean FC contamination of
toys increased as the number of animal feces piles observed in
the household increased.26 Another study conducted in rural
Bangladesh found that the presence of cow feces was associated with contamination of soil with fecal indicator bacteria
but not with contamination of hands.44 A study conducted in
India found that fewer toy balls were contaminated in households that had no animals.45 In a previous systematic review,
heterogeneous effects of exposure to animals and animal feces
on human health were observed.46 This suggests that separation of human feces from human contact may not be sufﬁcient

to reduce exposure to diarrhea causing enteric pathogens.
More research needs to be carried out to understand how
separation of children and animal feces can be achieved in
settings where ownership of domestic animal is common.
An important limitation of this study is the use of fecal indicator bacteria to assess fecal contamination, which may not
be correlated with the presence of a wide range of pathogens,
including viruses.47 Moreover, fecal indicator bacteria may
have nonhuman origin and does not necessarily signify risks to
human health.42,48–54 In the study households, several types
of animal feces were observed. This makes presence of fecal
indicator bacteria an imprecise outcome indicator for sanitation because latrines are used for conﬁning human feces and
not for animal. This measurement error can introduce bias
because of misclassiﬁcation of outcome. As a consequence,
the conﬁdence intervals of the estimates presented are likely
to be wider, making the results less likely to be statistically
signiﬁcant even if in reality, they are statistically signiﬁcant.55
For example, having 100% improved sanitation access in the
neighborhood was associated with lower but statistically insigniﬁcant reduction in the level of fecal contamination. So,
further study with a larger sample size could clarify the role of
neighborhood sanitation.55 Using molecular markers of human speciﬁc pathogens as indicator of FCs could help reduce
this bias in future studies. However, the use of fecal indicator
bacteria is common practice and still provides useful comparative information about overall differences in bacterial
loading on hands and surfaces in study households.
Finally, our deﬁnition of neighborhood may be problematic.
The cutoff point of a 20-m radius was arbitrary, based on logistical convenience and high population density in this context rather than scientiﬁc evidence. So, our conclusion may be
conservative given small radius. Selecting a larger radius
might have resulted in a different conclusion. Moreover, there
may be issues with generalizability of these ﬁndings. Bangladesh has high water tables and high number of domestic
animals; as a result, Bangladesh may have many determinants
of household fecal contamination that are not impacted on by
neighborhood sanitation practices.
Neighborhood coverage with improved sanitation within 20 m
of households in rural Bangladesh had no association with fecal
contamination of the household environment, measured as indicator bacteria on children’s hands and toys. In this context,
household sanitation access is probably more important than
neighborhood sanitation coverage in preventing fecal contamination of domestic environment. Household factors such as
absence of cow dung, presence of appropriate water drainage,
and optimal handwashing practices of children may be more
important in reducing contamination of the household environment that the child may be exposed to. Intervention studies with
larger sample sizes might help us better understand the impact
of neighborhood sanitation coverage on fecal contamination of
household environments.
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