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Abstract. Wecompared theconcentrations ofEscherichia coliquantifiedwithColilert™and the compartment bag test
(CBT) in the source water and household stored drinking water (SDW) of 35 households in western Kenya. We also in-
vestigated the associations of the perceptions of organoleptic properties and overall quality with ³ 1 MPN/100 mL E. coli in
SDW. Participants who rated the taste or smell of their SDW “< 5” on a 1 = “poor” to 5 = “excellent” Likert scale were 8.71 or
7.04 times more likely, respectively, to have ³ 1 MPN/100 mL E. coli. Organoleptic properties are innate, albeit imperfect,
indicators of fecal pollution in water. Within their shared quantification range, concentrations of E. coli enumerated with
Colilert andCBTwere similar and had a significant correlation coefficient, 0.896 (95%confidence interval = 0.691–1.101).
The methods had moderate agreement within the World Health Organization’s health risk levels (Cohen’s Kappa co-
efficient = 0.640). In low-resource settings, CBT provides comparable assessments of E. coli concentrations to Colilert.

The Sustainable Development Goal (SDG) 6.1 aims to en-
sure that “safely managed drinking water services” are free
of fecal pollution.1 Evaluating the presence of fecal pollu-
tion is difficult in low-resource settings partially due to lack
of financial, logistical, and technical resources. In such
settings, organoleptic properties (smell, taste, and ap-
pearance) are relied upon to infer the quality of drinking
water. There are no published studies that have evaluated
the associations of organoleptic properties and the micro-
bial quality of drinking water. In this study, we evaluated the
associations of perceived quality and organoleptic prop-
erties (taste and smell) of stored drinking water (SDW) with
the presence of Escherichia coli in 35 households in west-
ern Kenya.
The compartment bag test (CBT; Aquagenx, LLC, Chapel

Hill, NC) is a novel method that shows promise to quantify
E. coli in potable water in low-resource settings.2 Its attributes
include incubation at ambient temperatures (25–40�C), no
specialized equipment required, and an adequate quantifica-
tion range (1–100 MPN/100 mL).3,4 Comparisons of E. coli
concentrations measured using CBT and membrane filtration
(USEPA Method 1604) in environmental waters around
Atlanta, GA, were correlated.5 In three regions in Peru, con-
centrations of E. coli in SDWmeasured by CBT in the field and
membrane filtration in a laboratory were similar.6 Herein, we
compared the concentrations of E. coli quantified by CBT and
Colilert (IDEXX Laboratories, Inc., Westbrook, ME) in source
water and SDW from 35 households in western Kenya.
Data were collected in the Nyanza Region, Kenya, within

an observational pregnancy cohort (clinicaltrials.gov iden-
tifier: NCT02979418).7 We used STATA 14 (StataCorp LP,
College Station, TX) to randomly select five households to
visit in each of the seven clinic catchment areas from a
pool of participating households. All participants were
9–12 months postpartum. If participants elected not to
participate or were not available, another household was
randomly selected. In January–February 2016, we collected

samples of SDW at the participating households and sur-
veyed participants on the organoleptic properties (taste and
smell) and perceived overall quality of their SDW using a
Likert ladder scaleused in the parent cohort study (1 = “poor” to
5 = “excellent”; Supplemental Figure 1). We accompanied
participants to source waters to collect samples, and photo-
graphed the supply for classification. The study protocol was
reviewed and approved by the Kenyan Medical Research
Institute Scientific and Ethics Review and Cornell Univer-
sity Institutional Review Board ([1504005493; 1205003043],
May 8, 2015). Informed consent of the participants was
obtained.
Six 100-mL replicates of SDW from each household and six

100-mL replicates of corresponding source water were col-
lected using Whirl-Pak® Thio Bags® (Nasco, Fort Atkinson,
WI). Sourcewaterwas not collected if the household’s primary
drinking water was rainwater or bottled water. There was no
SDW in four households, but corresponding sourcewater was
collected. Samples were stored in a cooler at ambient tem-
perature (£ 21�C) for £ 6 hours because ice was not readily
available. After transport, water samples were stored at 4�C
for £ 24 hours. For each water sample, three 100-mL repli-
cates each were analyzed using Colilert Quanti-Tray®/2000
(IDEXX Laboratories) and the CBT. We followed the manu-
facturers’ instructionsandsampleswere incubatedat 35�C for
24 hours. Bottled water was used for negative controls and
analyzed alongside samples.
The range of quantification of the mean concentrations of

E. colienumeratedwithColilert andCBTwere 0.3–2,419.6 and
0.3–100 MPN/100 mL, respectively. Samples that were neg-
ative for the presence of E. coli were recorded as < 1 MPN/
100 mL, and were evaluated at 0.15 MPN/100 mL (half the
quantification limit of the mean of three replicates that in-
dividually had a detection limit of 1 MPN) in subsequent anal-
yses. Results above the upper limit of quantification of Colilert
and CBT were reported as > 2,419.6 and > 100 MPN/100 mL,
respectively, and were evaluated at the upper limits of the
methods in subsequent analyses (2,420 and 100 MPN/
100 mL, respectively).
Statistical analyses were evaluated using IBM SPSS Sta-

tistics for Windows, Version 22.0 (IBM, Corp., Armonk, NY),
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and significance was considered at α = 0.05. Logistic re-
gression analyses evaluated the presence of E. coli (mean
concentrations ³1MPN/100mL) in SDWasmeasuredbyCBT
or Colilert to the perceptions of taste, smell, and the overall
quality of SDW at “5 = excellent quality” (reference group)
compared with all other ratings “< 5 = below excellent” to nor-
malize the categorical data. Wilcoxon matched-pairs signed
rank test evaluated differences between the mean concen-
trations of E. coli using Colilert and CBT of source water and
SDW from each household. A linear regression evaluated the
relationship between the log transformed mean concentra-
tions of E. coli measured by the two methods. MPN values
outside of the quantification range ofCBTwere not included in
these analyses. The mean concentrations of E. coli from all
samples of SDW and source water were sorted into World
HealthOrganization (WHO) health risk levels: < 1MPN/100mL
“low risk”; 1–10 MPN/100 mL “intermediate risk”; > 10–100
MPN/100 mL “high risk”; and > 100 MPN/100 mL “very high
risk.”8 Cohen’s Kappa coefficient evaluated the agreement of
the WHO health risk levels between the two methods.
Using Colilert, we found that participants who rated the

taste, smell, and overall quality of their SDW < 5 = “below
excellent” were 8.71 (95% confidence interval [CI] =
1.10–68.94; P = 0.04), 7.04 (95% CI = 1.09–45.83; P = 0.04),
and 0.452 (95%CI = 0.05–4.108; P = 0.481) times more likely,
respectively, to have detectable E. coli (³ 1 MPN/100 mL;
Figure 1A–C) than participants that gave a rating of 5 =
“excellent.” However using CBT, participants who rated the
perceived taste, smell, and quality of their SDW < 5 = “below
excellent” were 3.793 (95% CI = 0.634–22.692; P = 0.144),
1.302 (95%CI = 0.218–7.771;P = 0.772), and 1.706 (95%CI =
0.237–12.270; P = 0.595) times more likely to have E. coli pre-
sent in the SDW (Figure 1A–C) than participants who rated the
perceived characteristics 5 = “excellent,” although these ef-
fects were not significant. Independent of E. coli quantification
method, some participants who rated the taste and smell of the
SDW 5 = “excellent” had detectable E. coli (Figure 1A and B).
Within the sharedquantification rangeof the twomethods, a

Wilcoxon matched-pairs signed rank test confirmed that the
mean concentrations of E. coli enumerated with CBT and
Colilert were similar (P = 0.367). There was a power-log cor-
relation between mean concentrations of E. coli within the
shared quantification range of CBT and Colilert (Figure 2): log
(Cl) = 0.896 × log (Cb) − 0.047; P < 0.001; R2 = 0.673, standard
error of the coefficient = 0.205, whereCl andCbwere themean
E. coli concentrations (MPN/100 mL) of samples measured
withColilert andCBT, respectively. Our dataset demonstrated
that the mean concentrations of E. coli measured by Colilert
and CBT had agreement between WHO health risk levels
(Table 1; Cohen’s Kappa coefficient = 0.641; P < 0.001).
This is the first study todemonstrate a significant correlation

between the organoleptic properties (taste and smell) of SDW
and ³ 1 MPN/100 mL E. coli–Colilert. The cohort and the
participants of this study were 9–12 months postpartum.
Therefore, we believe that the responses of the participants of
this study were not affected by pregnancy and can be ex-
trapolated to the cohort. Organoleptic properties of SDWmay
offer innate, albeit imperfect assessments of the presence of
E. coli (³ 1 MPN/100 mL). Our study was unable to establish a
significant association between the perceived overall quality
of drinkingwater anddetectableE. coli inSDW.Similarly, there
was a weak correlation between the concentrations of E. coli

FIGURE 1. The proportion of 31 households in western Kenya with
mean concentrations ³ 1 MPN/100 mL Escherichia coli (measured
with Colilert and the compartment bag test) in the stored drinking
waterwhenparticipants rated theperceived (A) taste, (B) smell, and (C)
overall quality the highest value on the Likert scale, 5 = “excellent,”
compared with all other values, < 5 = “below excellent” (1–4).
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and the perceived safety of source water supplies (corre-
lation coefficient = 0.0392; P = 0.64) in Cambodia,9 sug-
gesting that perceived overall quality/safety may not be a
reliable predictor of the actual presence and/or levels of fecal
pollution in water.
This is the first peer-reviewed investigation to determine

that the concentrations of E. coli enumerated with Colilert and
CBT in low-resource settings are similar and correlated. In
Peru, concentrations of E. coli in SDW were similar when
measured in the field with CBT and in a laboratory with the
membrane filtration method or with CBT.6 Comparably, in
environmental waters sampled around Atlanta, GA, concen-
trations of E. colimeasured with CBT andmembrane filtration
werecorrelated (correlationcoefficient=0.904,CI=0.859–0.950).5

These studies provide further evidence that CBT provides
comparable results to conventional methods. Therefore, CBT
can be useful to monitor the progress toward meeting SDG 6.1

independent of resource settings. Broadening the monitoring of
water supplieswill provide a thoroughandaccurate evaluationof
the progress toward meeting SDG 6.1: access to “safely man-
aged drinking water” that is free of fecal pollution.
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FIGURE 2. Comparison of Escherichia coli concentrations (MPN/100 mL) measured with Colilert and compartment bag test (CBT) (N = 22). Each
assaywas run in triplicate and themean values of the log-transformedconcentrations ofE. coli are plotted.Gray boxes represent samples thatwere
outside the shared quantification range of the two methods (³ 100 MPN/100 mL and < 0.3 MPN/100 mL). For samples where only one assay was
within the quantification range, the othermethod’s valuewasplotted at the log-transformed value of one half of the lower limit of quantification (0.15
MPN/100 mL), or log-transformed value of the upper limit of quantification of CBT (100MPN/100 mL). The error bars represent one standard error.

TABLE 1
WHO health risk levels derived from the mean concentrations of Escherichia coli as determined by Colilert and the CBT in water samples collected
from 35 households in western Kenya and included stored drinking water (N = 31) and source water (N = 21)

Colilert—Frequency of water samples in each WHO health risk level (N = 52)

Low risk/safe
(< 1 MPN/100 mL)

Intermediate risk
(1–10 MPN/100 mL)

High risk
(> 10–100 MPN/100 mL)

Very high risk
(> 100 MPN/100 mL) Total

CBT—frequency
of water sample
in each WHO health
risk level (N = 52)

< 1 MPN/100 mL 14 1 0 0 15
93.3% 6.7% 0% 0% 28.8%

1–10 MPN/100 mL 1 3 0 0 4
25% 75% 0% 0% 7.7%

10–100 MPN/100 mL 3 6 1 1 11
27.3% 54.5% 9.1% 9.1% 21.2%

> 100 MPN/100 mL 1 0 0 21 22
4.5% 0% 0% 95.5% 42.3%

Total 19 10 1 22 52
36.5% 19.3% 1.9% 42.3% 100%

CBT = compartment bag test; WHO = World Health Organization.
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