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(See the editorial commentary by Kuhn and Aldrovandi, on pages 1183–5.)

To reduce mother-to-child transmission of human immunodeficiency virus (HIV) in resource-poor settings,
the World Health Organization recommends exclusive breast-feeding for 6 months, followed by rapid
weaning if replacement feeding is affordable, feasible, available, safe, and sustainable. In the Kisumu Breast-
feeding Study (trial registration: Clinicaltrials.gov identifier NCT00146380), infants of HIV-infected mothers
who received antiretroviral therapy experienced high rates of diarrhea at weaning. To address this problem,
mothers in the Kisumu Breastfeeding Study were given safe water storage vessels, hygiene education, and
bleach for household water treatment. We compared the incidence of diarrhea in infants enrolled before
(cohort A) and after (cohort B) implementation of the intervention. Cohort B infants experienced less
diarrhea than cohort A infants, before and after weaning ( and , respectively); however,P ! .001 P p .047
during the weaning period, there were no differences in the frequency of diarrhea between cohorts (P p

). Testing of stored water in cohort B homes indicated high adherence (monthly range, 80%–95%) to0.89
recommended chlorination practices. Among infants who were weaned early, provision of safe water may
be insufficient to prevent weaning-associated diarrhea.

Breast-feeding accounts for up to one-half of all cases

of mother-to-child transmission of human immuno-

deficiency virus (HIV) [1–4]. Attempts to reduce the

risk of mother-to-child transmission of HIV by short-

ening the breast-feeding period and substituting re-

placement feeding have resulted in equal or increased
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rates of infant mortality, compared with exclusive

breast-feeding [5, 6]. This increase in mortality is be-

lieved to be due to decreased transfer of maternal an-

tibodies and increased exposure to diarrheal pathogens

from unsafe water or complementary weaning foods

[7–10]. To minimize the risks of both transmission of

HIV through breast-milk and diarrheal illness resulting

from unsafe water or foods, the World Health Orga-

nization (WHO) recommended in 1996 (and in 1998

and 2000 amended their recommendation) that new
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Figure 1. Timeline of the Kisumu Breastfeeding Study (KiBS), Safe
Water System (SWS) evaluation, and birth of infants in cohorts A and
B in Kisumu, Kenya, 2003–2007.

mothers infected with HIV exclusively breast-feed their infants

if replacement feeding is not acceptable, feasible, affordable,

safe, and sustainable and then rapidly wean them at 6 months

of age [11]. These recommendations were recently modified to

suggest that women continue breast-feeding beyond 6 months

if replacement feeding is not acceptable, feasible, affordable,

safe, and sustainable [12].

The Kisumu Breastfeeding Study (KiBS) began in July 2003

as a clinical trial to determine whether providing antiretroviral

therapy (ART) for 6 months postpartum helps prevent mother-

to-child transmission of HIV through breast-feeding.

In January 2005, 18 months after the KiBS began, enrollment

was temporarily halted to consider the implications of a public

health advisory issued by the US Food and Drug Administra-

tion concerning provision of nevirapine to HIV-positive moth-

ers [13]. At the same time, the study’s safety committee noted

that infants in the KiBS experienced high rates of diarrhea at

6 months of age, when they were rapidly weaned, compared

with infants of the same age who were enrolled in an HIV

vertical transmission study conducted from 1996 through 2001

in Kisumu, during which infants were not typically weaned at

6 months of age [14]. Although overall rates of diarrhea in-

cidence were significantly lower in KiBS infants than in HIV

vertical transmission study infants (6.1 episodes/100 infant-

months of observation in KiBS versus 8.9 episodes/100 infant-

months of observation in the HIV vertical transmission study

[relative risk {RR}, 0.7; 95% confidence interval {CI}, 0.6–0.9]),

rates of diarrhea incidence and diarrhea-associated hospitali-

zation were significantly higher for infants 6–7 months of age

who were in the KiBS than for infants of the same age who

were in the HIV vertical transmission study (RR, 1.6; 95% CI,

1.1–2.3) [14].

In an effort to address the problem of diarrhea among KiBS

infants during the rapid weaning period, a household-based

water quality intervention called the Safe Water System (SWS)

was introduced to new KiBS enrollees in August 2005, when

KiBS enrollment was restarted. The SWS has 3 components:

(1) point-of-use disinfection of water with locally produced

sodium hypochlorite solution, (2) safe water storage, and (3)

communications to change behaviors relating to hand washing

and other hygiene issues [15]. In field trials, use of the SWS

has resulted in a 25%–85% reduction in the risk of diarrhea

[16], and it has been recommended by the WHO for persons

living with HIV as well as those in their households [17]. When

evaluated specifically in a population of persons living with

HIV/AIDS in Uganda, use of the SWS reduced the risk of

diarrhea by 25% [18].

Assessment of diarrhea in infants began at the start of the

KiBS in 2003 and continued throughout the period described

in this article. A protocol to evaluate the utilization and effect

on health of the SWS among KiBS participants was approved

by the Kenya Medical Research Institute institutional review

board in early July 2006, and the evaluation was initiated later

that month.

METHODS

Study Context

The evaluation described in this article was conducted in the

context of the larger KiBS trial. Pregnant women were enrolled

in KiBS at 34 weeks’ gestation. ART was provided during the

antepartum and intrapartum periods and for 6 months post-

partum. (ART was continued for the duration of the study if

women met the criteria for treatment.) Infants received a single

dose of 2 mg/kg nevirapine within 72 h of birth. In accordance

with WHO recommendations at the time, women were asked

to exclusively breast-feed their infants for 5.5 months and then

wean them over a 2-week period.

Study Population

Two cohorts of infants were included in this evaluation. Cohort

A included infants born to KiBS mothers between August 2003

and March 2005, before distribution of the SWS. Although

enrollment of mothers was halted in January 2005, the last

infant in cohort A was not born until March. Cohort B included

infants born between August 2005 and January 2007, after SWS

distribution began (Figure 1). Only the firstborn infant in each

set of multiple births (ie, twins or triplets) was included in the

analyses described in this study. Data on the demographic char-

acteristics of the mothers were collected at baseline for both

cohorts.

Implementation of the SWS

Beginning in August 2005, newly enrolled study participants

were provided with (1) a narrow-mouthed clay pot (ie, a “‘KiBS

clay pot”) that had a lid and tap to prevent water contamination

from hands dipping cups inside to collect water and (2)

WaterGuard (Jet Chemicals), a locally available, socially mar-

keted sodium hypochlorite solution for household water treat-

ment. Women were instructed to scrub their water vessels

weekly with soap, water, and twine. Both at the time of dis-

D
ow

nloaded from
 https://academ

ic.oup.com
/jid/article/200/8/1186/796688 by guest on 23 M

ay 2023



1188 • JID 2009:200 (15 October) • Harris et al

tribution of the SWS and during subsequent scheduled home

visits, KiBS field workers also provided mothers with instruc-

tion on food and water hygiene and on washing their hands

with soap. All components of the intervention were provided

free of charge on an ongoing basis, with replacements provided

as needed.

Active Surveillance

Clinic visits. Routine study clinic visits were scheduled for

all KiBS infants at 2, 6, 10, 14, 20, 24, 36, and 48 weeks of age.

Mothers were also encouraged to bring their infants to the clinic

as needed for any health concerns. At all times, free care was

provided at the clinic, and women were reimbursed for their

travel expenses to and from the clinic. Reports of diarrhea

among KiBS infants were recorded at both scheduled and un-

scheduled clinic visits, providing a longitudinal record of di-

arrheal events for each infant.

Home visits. Home visits for infants in cohorts A and B

were scheduled at 1, 4, 8, 12, 16, 20, 24, 28, 32, 36, 40, and 44

weeks of age. At these visits, mothers were asked about infant

illnesses and infant feeding practices (breast-feeding and sup-

plementary feeding) since the last visit. After ethical clearance

of the SWS evaluation by the Kenya Medical Research Institute

in July 2006, 4 additional biweekly home visits were made when

the infants were 18, 22, 26, and 30 weeks of age. Starting in

July 2006, additional monitoring of SWS use occurred at all

home visits, included both verification of the use of the KiBS

clay pot based on observations of whether or not it contained

water and reported use of WaterGuard to treat household

drinking water. Because of delays in the receipt of laboratory

supplies, testing of stored drinking water for residual chlorine

was not initiated as an objective measure of use until Novem-

ber 2006.

Stored water testing. For visits occurring from November

2006 through June 2007, water stored at home, either in the

KiBS clay pot or in another storage container, was tested for

residual chlorine by use of the N,N-diethyl-p-phenylenedi-

amine colorimetric method (LaMotte). The presence of residual

chlorine served as an indicator of adherence to recommended

SWS use.

Informed Consent

The study protocol (number 1119) was approved by the Kenya

Medical Research Institute ethical review committee in July

2006. The National Center for HIV, STD, and TB Prevention

at the Centers for Disease Control and Prevention determined

that this activity constituted program evaluation of public

health practice and did not require additional institutional re-

view board approval. Written informed consent was obtained

from all participants, and personal identifiers were permanently

removed from the database.

Analysis

Using Teleform software (version 8; Cardiff), data from ques-

tionnaires were scanned into an Access database (2003 version;

Microsoft) and analyzed using SAS statistical software (version

9.1; SAS Institute).

The proportion of home visits at which exclusive breast-

feeding was reported by mothers was calculated for each infant;

the distribution of these proportions among cohort A infants

was compared with the distribution among cohort B infants.

For each infant, diarrhea incidence was calculated as the num-

ber of clinic visits at which diarrhea was reported per infant-

month of study. Analysis was conducted at the infant level

rather than at the cohort level, to reduce the need to account

for clustering of diarrheal episodes, exclusive breast-feeding, or

household chlorination reports for individual infants over the

study period.

We created the following 4 different frequency categories for

clinic visits for diarrhea per infant-month: “no clinic visits for

diarrhea” (rate, 0.0 visits/month of time contributed), “some

clinic visits for diarrhea” (rate, 0.01–0.49 visits/month of time

contributed), “frequent clinic visits for diarrhea” (rate, 0.50–

0.99 visits/month of time contributed), and “very frequent

clinic visits for diarrhea” (rate, �1.0 visits/month of time con-

tributed). We applied these frequency categories to infants 0–

5 months of age (denoting the “exclusive breast-feeding pe-

riod”), 6 months of age (denoting the “weaning period”), and

7–11 months of age (denoting the “postweaning period”) and

to infants of all ages, with the age groups stratified by study

cohort (ie, cohorts A and B). The mean rates of diarrhea among

infants in each age group were calculated. Only data from in-

fants who survived to contribute �1 month of infant-time for

the age group were included in the calculations.

Wilcoxon rank sum tests were used to compare differences

in the distribution of rates of clinic visits for diarrhea and the

differences in the distribution of exclusive breast-feeding rates

between cohorts. Results are reported using Monte-Carlo es-

timates when they differ from the Kruskal-Wallis estimate.

RESULTS

Enrollment. A total of 234 cohort A infants and 257 cohort

B infants were included in the analysis. During the study period,

180 (77%) cohort A infants completed 1 year of the study, 8

(3%) died before 6 months of age, 18 (8%) died after 6 months

of age, 25 (11%) withdrew from the study, and 3 (1%) were

lost to follow-up. Of the cohort B infants, 218 (85%) completed

1 year of the study, 10 (4%) died before 6 months of age, 12

(5%) died after 6 months of age, 14 (5%) were withdrawn from

the study and 3 (1%) were lost to follow-up. A total of 139

cohort B infants were near or at the age for weaning (ie, 6

months of age) before the SWS study protocol was approved

and therefore were not included in the evaluation of maternal
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Table 1. Demographic Characteristics and Water Sources of
Mothers Enrolled in Cohort A and Cohort B in the Kisumu Breast-
feeding Study in Kisumu, Kenya, 2003–2007

Characteristic or water source

Cohort A
mothers

(n p 234)

Cohort B
mothers

(n p 257)

Marital statusa

Married 182 (77.8) 184 (71.9)
Never married 26 (11.1) 37 (14.5)
Widowed 16 (6.8) 20 (7.8)
Separated 9 (3.9) 14 (5.5)
Divorced 1 (0.4) 1 (0.4)

Age, median (range), years 23 (14–40) 23 (14–40)
Educationb

Primary school 148 (64.6) 144 (58.3)
Secondary school 73 (31.9) 92 (37.2)
College/university with diploma 8 (3.5) 11 (4.5)

Employed 83 (35.5) 86 (33.5)
Primary drinking water sourcec

Improved
Public tap 182 (78.4) 192 (75.0)
Piped water into house 14 (6.0) 9 (3.5)
Public well/borehole 12 (5.2) 24 (9.4)
Rainwater 8 (3.4) 0 (0.0)
Well in residence/borehole 8 (3.4) 14 (5.4)

Unimproved, surface waterd 8 (3.4) 17 (6.6)

NOTE. Data are the no. (%) of mothers, unless otherwise indicated.
a For cohort A, ; for cohort B, .n p 234 n p 256
b For cohort A, ; for cohort B, .n p 229 n p 247
c For cohort A, ; for cohort B, .n p 232 n p 256
d River, stream, pond, and lake.

Figure 2. Percentage of respondents with (1) observed use of the
Kisumu Breastfeeding Study (KiBS) clay pot, (2) reported chlorination, and
(3) detection of residual chlorine in stored water during home visits to
participants in the KiBS in Kisumu, Kenya, August 2006–June 2007.
Because of the very small no. of infants born during July 2006 but after
the date that the study protocol was approved, data from this month are
not shown in the figure.

adherence to SWS use. The remaining 118 (46%) were included

in the evaluation of SWS utilization starting in July 2006 (Figure

1).

Characteristics at baseline. Overall, 43% of cohort A in-

fants and 49% of cohort B infants were female. The median

age of mothers in both cohorts was 23 years; ∼60% had a

primary school education or less, and approximately one-third

were employed. More than 90% of households in both cohorts

had access to water supplies other than surface water (Table

1). Of the 14 characteristics examined at baseline, only the use

of rainwater as a primary drinking water source was signifi-

cantly different between the cohorts ( ) (Table 1).P ! .02

Supplementary feeding practices. Among all home visits

to infants !6 months of age, the median proportion of home

visits (per infant) at which mothers reported having fed their

infants something other than breast milk since the time of the

last home visit was 25% (mean, 31%; range, 0% to 100%) for

221 cohort A infants and 0% (mean, 12%; range, 0% to 100%)

for 246 cohort B infants ( ).P ! .001

Adherence to the SWS. Because 15 months elapsed be-

tween implementation of the SWS and initiation of the start

of evaluation of the intervention, data on adherence to the SWS

were collected for only 118 of the 257 cohort B infants, all of

whom were born after the evaluation began. From August 2006

through June 2007, the observed frequency of use of the KiBS

clay pot by study participants during any given month ranged

from 40% to 80% (Figure 2). Other household water storage

containers used by mothers included non-KiBS clay pots (used

at 62% of all household visits), jerricans (21% of visits), barrels

(7% of visits), buckets (5% of visits), jugs (3% of visits), and

bottles (1% of visits). Although 102 (86%) women enrolled in

the SWS evaluation eventually collected a KiBS clay pot during

the study, some chose to either delay receiving or reject the pot

for a variety of reasons, including perceived stigma and incon-

venience of transporting the pot from the study clinic to their

homes.

From August 2006 through June 2007, self-reported rates of

chlorination of household drinking water were 80%–95% (Fig-

ure 2). Residual chlorine was detected in stored water at 80%–

92% of home visits occurring from November 2006 through

June 2007 (Figure 2). Most households (95%) had detectable

residual chlorine in their stored water at �50% of home visits,

and 26% had detectable residual chlorine in their water at all

home visits. The odds of detecting residual chlorine in stored

water were higher among women using the KiBS clay pot than

among those who were not (odds ratio [OR], 2.2; 95% CI, 1.5–

3.2).

Infant diarrhea. Four infants in cohort A and 5 infants in

cohort B either withdrew from the study or did not survive
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Table 2. Percentage of Infants in Each of 4 Different Frequency Categories of Clinic Visits for Diarrhea per Infant-Month, by Study
Period (Age Group) and Study Cohort, Kisumu Breastfeeding Study, Kisumu, Kenya, August 2003–June 2007

Frequency of clinic visits
for diarrheaa

Exclusive
breast-feedingb

(0–5 months of age)
Weaningb

(6 months of age)
Postweaningb

(7–11 months of age) Allb,c

Cohort A
(n p 230)

Cohort B
(n p 252)

Cohort A
(n p 223)

Cohort B
(n p 243)

Cohort A
(n p 218)

Cohort B
(n p 238)

Cohort A
(n p 230)

Cohort B
(n p 252)

0.00 180 (78) 227 (90) 188 (84) 203 (84) 159 (73) 194 (82) 101 (44) 151 (60)
0.01–0.49 50 (22) 23 (9) 0 0 57 (26) 41 (17) 129 (56) 100 (40)
0.50–0.99 0 1 (!1) 0 0 1 (!1) 3 (1) 0 1 (!1)
�1.0 0 0 35 (16) 40 (16) 1 (!1) 0 0 0

NOTE. Only infants contributing infant-time to each study period (age group) were included in the calculations.
a Per infant-month.
b The Wilcoxon rank sum test was used to compare median rates for cohorts A and B for each study period (age group); however, ordinal categories are

presented for ease of interpretation. The resulting P values for each study period are (for the exclusive breast-feeding period), (for the weaningP ! .001 P p .89
period), (for the postweaning period), and (for all periods).P p .047 P ! .001

c Percentages may be lower in the rows of the “All” column than in the corresponding rows of the other columns because some infants dropped out of the
study after spending brief periods in a frequency category for clinic visits for diarrhea. For example, although 15% of infants in cohort A experienced �1 clinic
visit for diarrhea during the 1-month weaning period at 6 months, only 1 month of infant-time is contributed to the denominator used for data calculation; however,
up to 12 months of infant-time may be contributed to the denominator used for data calculation for the “All” column.

Table 3. Mean Rates of Clinic Visits for Diarrhea among Infants,
by Cohort in the Kisumu Breastfeeding Study in Kisumu, Kenya,
August 2003–June 2007

Infant age

Cohort A Cohort B

Infants,
no.

Clinic visit rate,
mean � SD

Infants,
no.

Clinic visit rate,
mean � SD

0–5 months 230 0.050 � 0.997 252 0.023 � 0.074
6 months 223 0.161 � 0.381 243 0.181 � 0.436
7–11 months 218 0.062 � 0.120 238 0.048 � 0.113

All 230 0.071 � 0.078 252 0.048 � 0.073

NOTE. Nine infants did not survive for 1 full month after birth, resulting
in lower counts in the group aged !6 months than in the overall group of
infants enrolled. SD, standard deviation.

for 1 full month after birth, and they were therefore excluded

from analysis of clinic visits for diarrhea. The total number of

infants in the diarrhea analysis was 230 in cohort A and 252

in cohort B. Most infants had no clinic visits for diarrhea during

the exclusive breast-feeding period, the weaning period, or the

postweaning period (Table 2). The frequency of clinic visits for

diarrhea was highest among infants during the weaning period:

16% of infants in cohort A and 16% of infants in cohort B

had �1 clinic visit for diarrhea ( ) during this month.P p .89

The mean rates of clinic visits for diarrhea per infant-month

were different between cohorts A and B during the exclusive

breast-feeding period ( ) and the postweaning periodP ! .001

( ); during both periods, mean rates were lower amongP p .047

cohort B infants than among cohort A infants (Table 3). No

infant during the exclusive breast-feeding period and !1% of

infants during the postweaning period had �1 clinic visits per

infant-month (Table 2).

DISCUSSION

At the time of rapid weaning (ie, 6 months of age), use of the

SWS did not decrease the risk of diarrhea among infants of

HIV-infected mothers, despite high levels of adherence to rec-

ommended use of the intervention. This finding suggests that,

in these infants, weaning-associated diarrhea might not be

caused by waterborne pathogen transmission, and it raises

questions about diarrheal etiologies and other transmission

routes.

Although we have limited information on the routes of trans-

mission of enteric pathogens in infants in developing countries,

a number of studies have implicated weaning as a risk factor

for infant diarrhea [9, 10, 19, 20]. African weaning foods have

been shown to harbor pathogenic microorganisms, including

Escherichia coli and Shigella species [21–23]; even small quan-

tities of contaminated food may double the risk of diarrhea

developing in infants [10].

Our understanding of diarrhea at the time of weaning is

further obscured by limited etiologic information. In 2 studies

of bacterial causes of diarrhea in western Kenya (largely in

infants and young children), two-thirds of the diarrheal spec-

imens yielded no bacterial pathogen [24, 25]. Although the

studies did not rule out viral or protozoan etiologies, which

are known to be causes of pediatric diarrhea in Kenya [26–30],

this study and other studies of childhood diarrhea have sug-

gested that some diarrhea may occur independently of known

pathogens [31]. Noninfectious etiologies may also be a factor.

For example, a sudden dietary change associated with rapid

weaning might precipitate diarrhea as a result of temporary

food intolerance [32].

Exclusive and nonexclusive breast-feeding have both been

shown to be protective against severe diarrhea in multiple stud-
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ies, particularly in fecally contaminated environments [10, 33],

because breast-feeding not only protects infants from exposure

to waterborne and foodborne pathogens but also provides im-

portant immunologic benefits to fight diarrheal infections ac-

quired through other exposures [6, 9, 10, 33]. Cessation of

breast-feeding has been associated with high rates of diarrhea

among infants of both HIV-positive and HIV-negative mothers

[9, 14, 34, 35]. More recently, breast milk has been shown to

be immunologically equivalent in both HIV-positive and HIV-

negative mothers [6, 25]; the degree of immunologic protection

conferred by breast milk to breast-fed infants of HIV-infected

mothers has not been determined. WHO recommendations on

breast-feeding were recently revised to recommend early wean-

ing only if replacement feeding is acceptable, feasible, afford-

able, safe, and sustainable [12]. The data presented in the cur-

rent study suggest that additional studies are required to further

define “safe” replacement feeding with respect to infant wean-

ing practices.

Although the risk of diarrhea at weaning was equivalent

between infants in the 2 cohorts in the present study, the risk

both before and after weaning was significantly lower among

infants in cohort B than among those in cohort A. The effect

was greater before weaning, possibly because of the higher fre-

quency of exclusive breast-feeding by mothers in cohort B than

by those in cohort A, which might have increased the exposure

of cohort A infants to potential pathogens. Because the study

was not designed to examine the effect of supplementary feed-

ings on the risk to infants, data collected on supplementary

feedings were inadequate to assess the effect of specific foods

on disease risk.

It is also possible that use of the SWS reduced the risk of

diarrhea during nonweaning periods, when exposure to food-

borne pathogens was relatively low, but that it did not reduce

the risk of diarrhea during the weaning period, when infants

would have had exposure to a variety of different vehicles for

transmission of enteric pathogens. It is unclear why, if the infant

was becoming infected via foodborne pathogens at weaning,

the risk of diarrhea decreased so drastically after the weaning

month. However, a maturing immune response in infants may

have mitigated this risk.

Only one other published study [18] has addressed the issue

of the effect of the SWS on diarrhea among HIV-positive per-

sons and their HIV-negative household members in sub-Sa-

haran Africa. The results of the study indicated that, among

HIV-negative persons living in the same household as HIV-

positive persons, the SWS reduced the number of diarrheal

episodes among persons 159 years of age and among persons

3–12 years of age, but not among children !3 years of age.

Among HIV-infected persons, the SWS reduced diarrheal ep-

isodes and days with diarrhea among persons �5 years of age

but not among those !5 years of age. For this study, infants

were not included in the population. In other studies investi-

gating the effect of the SWS or chlorine treatment of household

water on diarrhea in infants not known to have HIV infection,

a trend was observed toward reduction in rates of diarrhea [36–

38], but results were only statistically significant in one study

[37]. The results from our study indicated that the SWS is

effective in reducing the risk of diarrhea in infants outside the

period of rapid weaning. One reason for the differences between

our study and other studies might be that our study followed

a cohort design, rather than a randomized controlled trial, and

included clinic visits for diarrhea, rather than reported diarrhea

assessed at home visits. A randomized controlled trial of the

effectiveness of the SWS with regard to reducing diarrhea in

rapidly weaned infants might provide more insight into the

effectiveness of the SWS in this age group and context.

The present evaluation had 4 important limitations. First,

cohort A preceded cohort B by nearly 2 years. It is possible

that pathogens circulating in the environment and the attendant

disease risk, among other factors, may have differed in the 2

cohorts. Second, we did not obtain laboratory data on etiologies

of diarrhea that might have provided hints as to likely routes

of transmission. Third, because the study was not designed to

determine risk factors for transmission of diarrhea in infants,

we were limited in our ability to fully assess the effect of the

SWS. Finally, because of delays in approval of the protocol, we

obtained data on SWS adherence for less than one-half of co-

hort B infants, thereby limiting our power to detect statistically

significant associations.

The introduction of water into the diets of infants before

weaning is a common practice in sub-Saharan Africa [39, 40],

where fecal contamination of the environment is widespread.

Provision of safe water in the homes of infants is desirable

and is supported by existing evidence, including the decreased

risk of diarrhea found among cohort B infants both before

and after weaning in the present study. Previous studies have

shown the SWS and other point-of-use technologies to be

effective in reducing the risk of diarrhea in a number of

populations [16, 37].

The present study adds to the growing body of evidence that

early weaning increases the risk of diarrheal disease among

infants of HIV-positive mothers. Further investigation is need-

ed to understand the costs and benefits of continuing breast-

feeding beyond 6 months, with the likely concomitant need for

extended maternal antiretroviral therapy. Our finding that

point-of-use water treatment and safe storage did not decrease

the risk of diarrhea during the weaning period indicates a need

for further study of the underlying etiologies and routes of

transmission of diarrhea in infants of weaning age. A compre-

hensive strategy is urgently needed that addresses optimal wean-

ing practices and interventions to protect infants of HIV-in-

fected mothers in resource-poor, fecally contaminated settings.
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