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Objectives: Among HIV-1-infected individuals in Africa, coinfection with malaria and
diarrhoeal disease may be associated with more rapid HIV-1 disease progression. We
sought to determine whether the use of long-lasting insecticide-treated bed nets and
simple point-of-use water filters can delay HIV-1 disease progression.

Design: A prospective cohort study.
Setting: Two HIV care sites in Kenya.
Participants: HIV-1-infected adults not yet meeting criteria for antiretroviral therapy.

Interventions: One group received the standard of care, whereas the other received
long-lasting insecticide-treated bed nets and water filters. Individuals were followed for
up to 24 months.

Main outcome measures: The primary outcome measures were time to CD4 cell count
less than 350 cells/nl and a composite endpoint of time to CD4 cell count less than
350 cells/ul and nontraumatic death. Time to disease progression was compared using
Cox proportional hazards regression.

Results: Of 589 individuals included, 361 received the intervention and 228 served as
controls. Median baseline CD4 cell counts were similar (P=0.36). After controlling for
baseline CD4 cell count, individuals receiving the intervention were 27% less likely to
reach the endpoint of a CD4 cell count less than 350 cells/pl (hazard ratio 0.73; 95%
confidence interval 0.57-0.95). CD4 cell count decline was also significantly less in the
intervention group (—54 vs. —70 cells/ul per year, P=0.03). In addition, the incidence
of malaria and diarrhoea were significantly lower in the intervention group.

Conclusion: Provision of a long-lasting insecticide-treated bed net and water filter was

associated with a delay in CD4 cell count decline and may be a simple, practical and

cost-effective strategy to delay HIV-1 progression in many resource-limited settings.
© 2013 Wolters Kluwer Health | Lippincott Williams & Wilkins

AIDS 2013, 27:1493-1501

Keywords: bed nets, coinfection, diarrhoeal disease, HIV, long-lasting
insecticide-treated nets, malaria, water filters

*Department of Global Health, "Department of Medicine, LDepartment of Pediatrics, “Department of Epidemiology, “Department
of Biostatistics, University of Washington, Seattle, Washington, USA, 'Kenya Medical Research Institute, Centre for Clinical
Research, Nairobi, Kenya, 8Centers for Disease Control and Prevention, Atlanta, Georgia, and "Fred Hutchinson Cancer Research
Center, Vaccine and Infectious Disease Division, Seattle, Washington, USA.

Correspondence to Judd L. Walson, MD, MPH, Department of Global Health, University of Washington, 325 Ninth Avenue, Box
359931, Seattle, WA 98104, USA.

E-mail: walson@uw.edu
Received: 2 November 2012; revised: 2 January 2013; accepted: 9 January 2013.

DOI:10.1097/QAD.0b013e32835echa9

ISSN 0269-9370 © 2013 Wolters Kluwer Health | Lippincott Williams & Wilkins 1493
Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.


mailto:walson@uw.edu
http://dx.doi.org/10.1097/QAD.0b013e32835ecba9

1494

AIDS 2013, Vol 27 No 9

Introduction

Less than half of all individuals in low and middle-income
countries who need antiretroviral therapy (ART) are
currently receiving it [1]. In addition, the majority of
HIV-1-infected individuals in sub-Saharan Africa (SSA)
are not aware of their HIV status, representing a huge
population of individuals at risk of HIV-related compli-
cations and death [2].

In parts of SSA, HIV-1, malaria and diarrhoeal illnesses
are prevalent. Several studies [3—9] have shown that HIV-
1-infected individuals have an increased susceptibility to
malaria and diarrhoeal diseases. Coinfection with HIV-1
and other endemic diseases is associated with increased
HIV-1 viral load and may impact HIV disease progression
[10—16]. Bed nets and water filtration devices can prevent
malaria and waterborne diseases. In addition to reducing
these diseases among HIV-1-infected individuals, they
may also delay HIV-1 disease progression.

Using a prospective observational study design, we
evaluated whether the provision of a long-lasting
insecticide-treated bed net (LLIN) and a point-of-care
water filtration device to HIV-1-infected ART-naive
adults in Kenya delays HIV-1 disease progression, as
measured by time to CD4 cell count less than 350 cells/ul
and/or death.

Materials and methods

Ethics statement

The study was approved by both the University of
Washington Human Subjects Review Committee and
the Kenya Medical Research Institute Ethical Review
Committee. The trial was registered with ClinicalTrials.

gov identifier NCT00914225.

Setting and participants
ART-naive HIV-1-infected adults were enrolled from
HIV care and treatment clinics at two sites in Western

Intervention cohort |

Kenya (Kisii Provincial and Kisumu District Hospitals)
with differing malaria endemicities (Entomological
inoculation rate - # of infectious bites/person per year
is 0.4 in Kisii and 31.1 in Kisumu) [17].

The study arms consisted of cohorts from two studies
conducted at the same care and treatment clinics utilizing
identical eligibility criteria and enrolment and follow-up
procedures (Fig. 1). Eligible individuals were 18 years of
age or older, seropositive for HIV-1, ART naive, had a
screening CD4 cell count of more than 350 cells/ul
within the previous 3 months, and were WHO clinical
stage I or II. Both studies also excluded individuals if they
were pregnant at enrolment (by urine human chorionic
gonadotropin testing), or reported taking ART pre-
viously.

Information about the study was provided to individuals
attending voluntary counselling and testing facilities in
Nyanza province and to community members through
existing groups of people living with HIV/AIDS
(PLWHA). In addition, in September 2009, a large
public health campaign was held in six communities
surrounding the care and treatment sites of Kisii and
Kisumu. The 10000 individuals participating in the
campaign were provided with an LLIN (Permanet) and a
point-of-care water filtration device (LifeStraw) as an
incentive for receiving information about voluntary
counselling and testing for HIV. The LifeStraw family
device used in this study exceeds WHO criteria for ‘High
Protective’ microbial water purifiers [18,19]. Individuals
found to be HIV-positive were offered point-of-care
CD4 cell count testing and those meeting inclusion
criteria for the study were referred to the study clinics
for screening.

Participants in the control cohort did not receive an LLIN
or a water filter and consisted of the standard-of-care arm
from a concurrent trial described elsewhere [20]. These
individuals were enrolled between February 2008 and
June 2010, whereas individuals in the intervention cohort
were enrolled and randomized between September 2009
and July 2010 (9 months of overlapping enrolment into

Control cohort

Participants enrolled*
(n=501)

361 included in analysis

23 lost to follow-up

140 excluded from analysis:

* Age less than 18 years (n=2)

« History of ART use prior to enrollment (n = 2)
* CD4 < 350 at enroliment (n=121)

* WHO stage 3 at enroliment (n = 11)

* No follow-up (n=4)

Fig. 1. Flowchart of study enrolment.

Participants enrolled
at eligible sites™
(n=344)

116 excluded from analysis:

* CD4 < 350 at enrolliment (n = 113)

- * WHO stage 3 at enrollment (n = 3)

228 included in analysis

10 lost to follow-up
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the cohorts). Individuals who had participated in the
public health campaign were enrolled into the interven-
tion cohort, whereas individuals who did not participate
were enrolled into the control cohort, until June 2010
(after which time all participants were enrolled in the
intervention cohort). The intervention cohort received
an LLIN and a point-of-use water filtration device if they
did not previously receive one during the public health
campaign upon enrolment.

Procedures

Study procedures were the same in both cohorts. At the
screening visit, each participant was provided information
regarding the aims and procedures of the study and
assessed for eligibility. Interested individuals were con-
sented for possible enrolment in the language of their
choice (Kiswahili, Kisii, Luo, Giriama or English).
Individuals provided written consent unless illiterate, in
which case oral consent was documented in the presence
of a witness and confirmed by thumbprint. Participants
were only eligible to be enrolled into one study. Baseline
demographic and medical history was obtained from
participants following consent. As per the eligibility
criteria, all participants had a screening CD4 cell count of
at least 350 cells/pl within the previous 3 months. Upon
enrolment, a baseline clinical examination was performed
and blood was collected for repeat HIV-1 serologic
testing, complete blood count and measurement of CD4
lymphocyte count.

Participants were followed every 3 months for up to
24 months after enrolment. All participants received
cotrimoxazole during the study. At each follow-up visit,
study staft assessed changes in health, ART initiation and
WHO stage. Complete blood counts and CD4 cell
counts were measured every 6 months. Participants
meeting criteria for ART (as determined by Kenyan
National Guidelines) were referred to the local care and
treatment clinic. Participants who missed scheduled visits
were called or visited and encouraged to reschedule.
Cause of death was determined by interviewing family
members (verbal autopsy) or by evaluating available
medical records. All individuals were followed until
completion of the study including those who had a
baseline CD4 cell count less than 350 cells/l or initiated
ART.

Laboratory analysis

All randomized participants underwent repeat HIV-1
serologic testing using Determine rapid test qualitative
immunoassay (Abbot, Japan). The CD4 lymphocyte
counts were determined using Multiset software on a
FACSCalibur machine (Becton Dickinson, Franklin
Lakes, New Jersey, USA) at the University of Washing-
ton/Kenya Medical Research Institute laboratory. Exter-
nal quality assurance and quality control was conducted in
accordance with the NHLS Proficiency Testing Pro-
gramme, South Africa. All patients presenting to any

study visit (scheduled or unscheduled) with fever
(>38°C) had blood tested for malaria using rapid

diagnostic tests and/or malaria thin and thick smear.

Study endpoints

The primary study endpoints were time to CD4 cell
count less than 350 cells/pl and a composite endpoint of
time to CD4 cell count less than 350 cells/pl and
nontraumatic death, controlling for baseline CD4 cell
count. Similar composite measures have been used as
outcomes among studies assessing HIV disease pro-
gression [21-23]. Secondary study endpoints included
incidence of self-reported diarrhoea (three or more
episodes of watery stools in a day), self-reported malaria
and whether malaria was confirmed by laboratory testing.

Statistical analysis

Participants who started ART were censored from the risk
set at the time of ART initiation. Initiation of ART
was not included as a study endpoint due to differences
in the timing of ART initiation between the cohorts.
Kenya National ART Guidelines changed in July 2008,
increasing the criteria for ART initiation from 200 to
350 cells/pl. As a result, in both cohorts, only individuals
who had a baseline CD4 cell count of at least 350 cells/ vl

at enrolment were included in the final analyses.

Baseline characteristics were compared using chi-square
tests for categorical data and Wilcoxon rank-sum tests
or t-tests for continuous data. To identify covariates
associated with both the exposure of interest and the
outcome, we also evaluated the unadjusted associations
between baseline characteristics and the primary study
endpoints using Cox proportional hazards regression.

Time to disease progression was compared using Cox
proportional hazards regression. Treatment hazard ratios
and 95% confidence intervals (Cls) were estimated
unadjusted, adjusted for enrolment CD4 cell count and
adjusted for enrolment CD4 cell count as well as
potential confounders.

Primary analyses used continuous time survival methods,
as the exact timing of CD4 cell count measurements was
variable. Discrete time survival models were used to assess
the sensitivity of the results to choice of continuous vs.
discrete time methods. The proportional hazards assump-
tion was assessed in the fully adjusted continuous time
models with plots and tests of Schoenfeld residuals vs. log
time. Missing CD4 cell count measurements were
handled by assuming that no failure had occurred at
the time of missingness.

The survival function within each treatment arm was
estimated using the Kaplan—Meier method. Linear mixed
effects models, with a time—treatment arm interaction,
were used to compare the yearly rate of decline in mean
CD#4 cell count between the two cohorts, adjusting for
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enrolment CD4 cell count and censoring participant’s
follow-up at the time of ART initiation. Relative risk
(RR) regression models were used to assess differences in
usage of water filters, bed nets and cotrimoxazole, and
also to assess differences in the incidence of self-reported
malaria and diarrhoea between groups. These were
Poisson models with log link and robust variance
estimate, using generalized estimating equations with
working independence correlation structure to handle
correlation among repeated measurements on patients.

All tests were two-sided, with a significance level of 0.05.

All statistical analyses were performed using Stata v12
(Stata Corp, College Station, Texas, USA).

Results

Between October 2009 and January 2012, 501 HIV-1-
infected, ART-naive adults with a screening CD4 cell
count of more than 350 cells/pl in the previous 3 months
were enrolled into the intervention cohort and provided
with an LLIN and water filter. Of these, 361 (72.0%) had
an enrolment CD4 cell count of more than 350 cells/pl
and were included in the analyses. Participants in the
control cohort were enrolled and followed as previously
described. Among 979 individuals screened, 948 were
enrolled and randomized. Among those studied at eligible

Table 1. Characteristics of the study participants at baseline.

sites (Kisumu and Kisii), 344 were allocated to the
standard of care arm. Of these, 228 (47.6%) individuals
had an enrolment CD4 cell coutn of more than 350 cells/
pl and were included in the analyses (Fig. 1).

Baseline demographic data are presented in Table 1. Most
participants were female (80.6%) and married (62.3%).
The majority of participants had completed primary
school (70.6%), came from households with incomes less
than US$2 per day (77.4%) and used either pit latrines or
no latrine (94.4%). A higher proportion of those in the
intervention group were married, and individuals in the
intervention cohort were more likely to live in house-
holds with less infrastructure (Table 1).

Health status at baseline was similar between the groups
(Table 1). Fewer individuals in the intervention cohort
reported taking cotrimoxazole at enrolment. However, all
participants were provided cotrimoxazole, and following
enrolment, there was no difference in the use of
cotrimoxazole between the cohorts (intervention cohort:
99.7%, control cohort: 99.8%; P=0.8).

Use of water purification methods and bed nets varied
between the groups when ascertained at 12 months of
follow-up (Table 2). In the intervention cohort, 99.5% of
participants reported using some form of water purifi-
cation during follow-up compared with 76.0% in the
control cohort (P < 0.001). Individuals in the intervention

Intervention cohort (N=361)

Control cohort (N=228)

Variable N (%) N (%) P
Female sex 294 (81.4) 181 (79.4) 0.54
Median age (IQR) 31 (25-39) 32 (26-38) 0.59
Clinic location

Kisii 168 (46.5) 108 (47.4) 0.84

Kisumu 193 (53.5) 120 (52.6) 0.84
Marital status

Married 236 (65.4) 131 (57.5) 0.02

Divorced/separated/widowed 96 (26.6) 62 (27.2) 0.02

Single 29 (8.0) 35 (15.4) 0.02
Education (highest completed)

Less than primary 108 (29.9) 65 (28.5) 0.72

Primary or greater 253 (70.1) 163 (71.5) 0.72
Estimated monthly income (Kenyan shillings)

<5000 (US$2/day) 285 (79.8) 171 (76.0) 0.27

>5000 (US$2/day) 72 (20.2) 54 (24.0) 0.27

Number of residents per room in household; mean (SD) 2.2 (1.3) 2.1 (1.3) 0.22
Water source

Piped or well water 275 (76.4) 197 (86.4) <0.01

Environmental water source 85 (23.6) 31 (13.6) <0.01
Toilet type

Flush toilet 10 (2.8) 23 (10.1) <0.01

Pit latrine or bush 351 (97.2) 205 (89.9) <0.01
Drug use at enrolment

Cotrimoxazole 262 (72.8) 218 (97.3) <0.01

Multivitamins supplement 260 (72.2) 219 (97.8) <0.01
Clinical measurements

CD4 cell count at enrolment; median (IQR) 531 (446—666) 552 (441-690) 0.36

Haemoglobin (g/dl); mean (SD) 12.9 (3.0) 12.8 (2.1) 0.60

Weight (kgz); mean (SD) 62.1 (12.0) 63.1 (13.7) 0.40

BMI (kg/m?); mean (SD) 22.9 (4.2) 22.8 (4.2) 0.63
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Table 2. Water purification methods and use of bed nets during study follow-up between cohorts.

Intervention Control
(N=361) (N=127
Est. %° Est. %° P

Water purification methods

% who drink purified water 99.5 76.0 <0.001
Purification system”

% who boil 9.0 29.9 <0.001

% who use chlorine 5.7 45.4 <0.001

% who use filter 93.0 0.4 <0.001
Use of bed nets

% who have a net 97.7 83.1 <0.001

% who both have a net and sleep under it 97.3 82.4 <0.001

“Estimates and P values are from GEE relative risk regression models (Poisson family, log link, working independence correlation structure, robust
variance estimate) from follow-up visits at months 3, 6, 9, 12, 15, 18, 21 and 24.
Percentage add up to more than total percentage of who drink purified water, as some participants used more than one system to purify water.

A subset of individuals in the control cohort had data related to water purification and bed net use (n=127/228).

cohort were more likely to report using a water filter
(93.0%), compared with those in the control cohort (0.4%)
(P<0.001). Use of bed nets during the follow-up period
was also more common in the intervention cohort
compared with the control cohort (97.3 vs. 82.4%,
respectively) (P < 0.001).

Mean follow-up time was 1.85 years in the control cohort
and 1.67 years in the intervention cohort. In the control
cohort, 107 of 228 (46.9%) of participants reached a CD4
cell count of 350 cells/pl or less, compared with 135 of
361 (37.4%) in the intervention cohort. When control-
ling for baseline CD4 cell count between the cohorts,
there was a significant difference in time to CD4 cell
count of less than 350 cells/wl (hazard ratio 0.73; 95% CI
0.57-0.95) (Table 3; Fig. 2a), with individuals in the
intervention cohort at a lower risk of reaching a CD4 cell
count of 350 cells/ .l or less compared with participants in
the control cohort. This difference remained significant
after adjusting for either toilet type or water source in a
stratified Cox model (hazard ratio 0.75; 95% CI 0.58-
0.97). There was a significant difference in time to the
composite endpoint of disease progression (reaching a
CD#4 cell count of 350 cells/pl or death) between the two
cohorts when controlling for baseline CD4 cell count
(hazard ratio 0.74; 95% CI 0.58-0.95) (Table 3; Fig. 2b).

This difference remained significant after stratifying by
toilet type (hazard ratio 0.75; 95% CI 0.59—-0.97) or water
source. The treatment effect did not differ significantly
between study sites for either of the primary endpoints.

In tests based on Schoenfeld residuals, the hypothesis of
nonproportional hazards for the treatment effect was not
rejected. Discrete time survival models for both endpoints
yielded results very similar to the continuous time models
(results not shown) with regard to both estimates and
statistical significance. The proportion of missing CD4 cell
count measurements was low (0.6%), with only nine of
1541 expected CD4 cell count measurements missing in
nine participants. Of these nine participants, seven had not
reached the study endpoint at their last follow-up time.

Differences were also observed in the mean annual change
in CD4 cell count after controlling for baseline CD4,
with individuals in the intervention cohort experiencing
a smaller decrease in CD4 cell count, (—53.7 cells/ul per
year; 95% CI —63.8 to —43.7) compared with individuals
in the control cohort (—70.4 cells/pl per year; 95% CI
—81.5 to —59.4; P =0.03).

Secondary analyses suggested that participants in the
intervention cohort were less likely to self-report a history

Table 3. Time to primary endpoint, censoring at antiretroviral therapy initiation.

Time to CD4 cell count

Time to CD4 cell count

<350 cells/pl <350 cells/pl or death
Variable Intervention Control Intervention Control
Number included in analysis 361 228 361 228
Number of events 135 107 140 110
Incidence per 100 person-years 27.8 34.7 28.8 35.7
HR (95% CI); P 0.79 (0.61-1.02); P=0.08 0.80 (0.62-1.03); P=0.08

aHR? (95% Cl); P
aHR" (95% CI); P

0.73 (0.57-0.95); P=0.02
0.75 (0.58-0.97); P=0.03

0.74 (0.58-0.95); P=0.02
0.75 (0.59-0.97); P=0.03

Cl, confidence interval; HR, hazard ratio.
?Adjusted for enrolment CD4.
PAdjusted for enrolment CD4 and toilet type.
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Fig. 2. Kaplan—-Meier plot of time to disease progression by cohort. (a) Time to CD4 cell count <350 cells/ul; (b) time to CD4 cell

count <350 cells/pl or death.

of diarrhoea within the previous 3 months compared with
individuals in the control cohort (RR 0.65; 95% CI 0.45—
0.93) and less likely to self-report malaria (RR 0.75; 95%
CI0.60-0.93). Selt-reported diarrhoea among household
members within the prior 3 months did not differ
between the cohorts (RR 0.91; 95% CI 0.61-1.36). The
incidence of clinically diagnosed malaria within the
previous 3 months was also significantly lower in the
intervention group than in the control group (RR 0.66;

95% CI 0.49-0.88). There were no significant differences
in these secondary outcomes between the study sites.

During the 24-month follow-up period, 58 individuals
initiated ART (44 individuals in the intervention arm and
14 in the control arm) and 15 individuals died (nine in the
intervention cohort and six in the control cohort).
Thirteen deaths occurred prior to initiation of ART.
There was no difference in the incidence of death
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between the cohorts (intervention cohort: 1.5 per 100
person-years, control cohort: 1.4 per 100 person-years).

Discussion

The results of this large prospective observational study
suggest that the addition of an LLIN and a point-of-use
water filtration device to the existing package of care
provided to ART-naive HIV-1-infected adults in Africa
delays HIV-1 disease progression. The combined inter-
vention resulted in a 27% risk reduction in HIV disease
progression and a 24% decrease in CD4 cell count decline
among HIV-1-infected adults already receiving cotri-
moxazole and multivitamins (MVT).

In many areas of SSA, HIV-1-infected individuals are at
an increased risk of malaria and diarrhoeal disease
compared with HIV-uninfected individuals [3—9]. The
use of insecticide-treated bed nets in HIV-1-infected
adults and children significantly reduces malaria incidence
above the benefit observed with the use of cotrimoxazole
alone, and the use of point-of-use water treatments
significantly reduces the risk of diarrhoeal illnesses in
HIV-1-infected individuals [24—28]. In addition, malaria
episodes are associated with transient increases in HIV-1
RNA and with CD4 cell count decline [13—-16].

Although the two study sites included in this analysis
differed in malaria endemicity, no significant differences
were observed in the impact of the intervention between
these sites. This may suggest that the benefit of the
intervention is related to the use of a point-of-use water
filtration device or may simply reflect limited power to
detect potential differences when stratified by site.

Compared with other available interventions, the use of
an LLIN and a water filter may be a more feasible and
generalizable intervention to delay HIV-1 disease
progression, as they can be delivered at one time with
a fixed cost. In addition, these interventions confer
additional benefit in reducing morbidity and mortality
due to malaria and diarrhoeal disease and may provide
multidimensional health benefit to pre-ART HIV-1-
infected individuals and public health programmes.
However, it is important to consider that deferral of
ART initiation may place individuals at a risk of HIV
transmission and the potential impact of such an
intervention on HIV-1 transmission should be considered

in light of this possibility.

Among the 22.5 million individuals living with HIV-1 in
SSA, at least half do not yet meet criteria for ART,
representing a large population engaged in care who are
able to benefit from the intervention [1]. Deferral of ART
has important individual implications, including delaying
the time to ART-associated toxicity, pill burden and risk

of drug resistance [29]. In addition, the programmatic
benefits of such a delay may also be considerable. As
global programmes aspire for wider and earlier ART
provision, there continue to be HIV-1-infected individ-
uals who do not yet qualify for ART, for whom other
interventions may be useful. Of the 15 million individuals
in low and middle-income countries who qualify for
ART, only 36% have initiated treatment due to lack of
infrastructure, human resources and drug supply [1]. In
addition, less than half of the individuals living with
HIV-1 in Africa are aware of their serostatus and this
intervention could have a broader impact in areas of
moderate to high HIV-1 prevalence [30].

Strengths of this study include prospective enrolment of
individuals into both cohorts from identical care and
treatment sites using similar inclusion criteria, the high
retention observed in both cohorts, the use of objective
measures of HIV disease progression and the inclusion of
two study sites with differing malaria endemicity.
However, the study also had potential limitations. The
study was an industry-sponsored trial (Vestergaard-
Frandsen manufactures both LLIN and the LifeStraw
Family water filters). However, the funder did not play a
role in the study design, implementation, analysis or
interpretation of these data. The observational design may
also have introduced bias during the allocation of cohorts.
Although the cohorts were enrolled from the same sites
and using identical inclusion criteria, there are several
important factors that may have led to differences
between the cohorts that should be mentioned. First,
enrolment initially started with recruitment into the
control arm in February 2008 and enrolment into the
intervention arm did not begin until September 2009. As
a result, many of the participants enrolled in the control
arm were identified from existing patients at the care and
treatment sites (already receiving care). Most of the
patients enrolled in the intervention arm were new
patients to the clinics. This explains the discrepancy in the
use of cotrimoxazole and MVI at baseline, as participants
recruited from ongoing care would have already been on
cotrimoxazole and MVI, whereas new patients would
not. However, it is important to note that all participants
received cotrimoxazole and MVI at study entry and
continued throughout the follow-up. We speculate that
prior cotrimoxazole and MVI use in the control group,
would, if anything, have decreased HIV-1 disease
progression compared with the intervention group,
which was opposite to our findings. In addition, as
participants from the public health campaign were
referred into the intervention cohort, there may have
been some differences in the patient population recruited
in this way. Although we attempted to control for
confounding in the analysis, residual confounding may
have remained. We did not routinely assess LLIN or water
filter usage and therefore were unable to perform a
sensitivity analysis to see whether the impact of the
intervention was greater among the most adherent
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participants. Secondary data analyses included self-
reported malaria and diarrhoea; these data could have
been influenced by reporting bias. In addition, a large
proportion of individuals in the control cohort reported
using bed nets and water purification methods, which
may have resulted in a bias towards the null. Lastly, due to
the nature of providing a combined intervention, we
were unable to differentiate the relative impact of LLINs
as compared with water filtration on markers of HIV-1
disease progression.

HIV-1-infected individuals in many parts of the world are
at a risk of infection with multiple endemic pathogens.
The provision of an LLIN and a simple point-of-use
water filtration device was associated with a delay in
HIV-1 disease progression, as measured by CD4 cell
count. This combined intervention has the potential to
impact the lives of millions of individuals living with
HIV-1, particularly in resource-limited settings where
malaria and diarrhoeal disease are prevalent.

Acknowledgements

We would like to thank all of the participants and the
clinics and organizations caring for persons living with
HIV/AIDS who participated in this study. We would also
like to acknowledge the staff of the University of
Washington/KEMRI collaboration. This study was
published with permission of the Director of the Kenya
Medical Research Institute (KEMRUI). This research and
publication were made possible with support from the
University of Washington Center for AIDS Research
(CFAR), an NIH-funded programme (P30 Al027757),
which is supported by the following NIH Institutes and
Centers (NIAID, NCI, NIMH, NIDA, NICHD,
NHLBI, NIA). The findings and conclusions in this
study are those of the authors and do not necessarily
reflect the views of their supporting institutions.

J.W. was principal investigator and was primarily
responsible for designing, coordinating and analysing
the study. L.S. helped develop the statistical plan, manage
data and performed the statistical analysis. B.S. assisted in
the design and implementation of the study and was
involved in the analysis. J.N. coordinated field study
activities. B.P. was responsible for supervising field
activities. K.Y. was responsible for data management
and statistical analysis. EO. assisted with data collection,
cleaning and analysis. P.O. contributed to the design of
the study and provided assistance with study supervision.
J.M. contributed to the design of the study. C.Z.
contributed to the design of the study and the laboratory
analysis. B.R. conducted statistical analysis. G.J.S.
contributed to the design of the study and assisted with
the data analysis. J.W. and L.S. were responsible for
manuscript preparation. All authors saw and approved the

final draft. All authors, external and internal, had full
access to all of the data (including statistical reports and
tables) in the study and can take responsibility for the
integrity of the data and the accuracy of the data analysis.

Funding was provided by a grant from Vestergaard
Frandsen. The funder of the study had no role in the study
design, data collection, data analysis, data interpretation
or writing of the manuscript. The study was designed
and implemented by the study investigators and the
investigators conducted the analysis and prepared the
manuscript.

Conflicts of interest
There are no conflicts of interest.

References

1. Joint United Nations Programme on HIV/AIDS/World Health
Organization. Global report: UNAIDS report on the global AIDS
epidemic. Geneva: Joint United Nations Programme on HIV/
AIDS; 2010. p. v.

2. Joint United Nations Programme on HIV/AIDS, World Health
Organization. Sub-Saharan Africa: AIDS epidemic update re-
gional summary. Geneva: World Health Organization; 2008.

3. Brink AK, Mahé C, Watera C, Lugada E, Gilks C, Whitworth J,
et al. Diarrhea, CD4 counts and enteric infections in a com-
munity-based cohort of HIV-infected adults in Uganda. / Infect
2002; 45:99-106.

4. Colebunders R, Francis H, Mann JM, Bila KM, Izaley L, Kimputu
L, et al. Persistent diarrhea, strongly associated with HIV
infection in Kinshasa, Zaire. Am | Gastroenterol 1987;
82:859-864.

5. Grimwade K, French N, Mbatha DD, Zungu DD, Dedicoat M,
Gilks CF. Childhood malaria in a region of unstable transmis-
sion and high human immunodeficiency virus prevalence.
Pediatr Infect Dis | 2003; 22:1057-1063.

6. Grimwade K, French N, Mbatha DD, Zungu DD, Dedicoat M,
Gilks CF. HIV infection as a cofactor for severe falciparum
malaria in adults living in a region of unstable malaria trans-
mission in South Africa. AIDS 2004; 18:547-554.

7. Mermin]J, Lule), EkwaruJP, Malamba S, Downing R, Ransom R,
et al. Effect of co-trimoxazole prophylaxis on morbidity, mor-
tality, CD4-cell count, and viral load in HIV infection in rural
Uganda. Lancet 2004; 364:1428-1434.

8. Patnaik P, Jere CS, Miller WC, Hoffman IF, Wirima J, Pendame R,
et al. Effects of HIV-1 serostatus, HIV-1 RNA concentration, and
CD4 cell count on the incidence of malaria infection in a cohort
of adults in rural Malawi. / Infect Dis 2005; 192:984-991.

9. Whitworth J, Morgan D, Quigley M, Smith A, Mayanja B, Eotu
H, et al. Effect of HIV-1 and increasing immunosuppression on
malaria parasitaemia and clinical episodes in adults in rural
Uganda: a cohort study. Lancet 2000; 356:1051-1056.

10. Modjarrad K, Vermund SH. Effect of treating co-infections on
HIV-1 viral load: a systematic review. Lancet Infect Dis 2010;
10:455-463.

11. Walson JL, Herrin BR, John-Stewart G. Deworming helminth
co-infected individuals for delaying HIV disease progression.
Cochrane Database Syst Rev 2009:CD006419.

12. Walson JL, Otieno PA, Mbuchi M, Richardson BA, Lohman-
Payne B, Macharia SW, et al. Albendazole treatment of HIV-1
and helminth co-infection: a randomized, double-blind,
placebo-controlled trial. A/DS 2008; 22:1601-1609.

13. Hoffman IF, Jere CS, Taylor TE, Munthali P, Dyer JR, Wirima JJ,
et al. The effect of Plasmodium falciparum malaria on HIV-1
RNA blood plasma concentration. A/DS 1999; 13:487-494.

14. Kublin ]G, Patnaik P, Jere CS, Miller WC, Hoffman IF, Chimbiya
N, et al. Effect of Plasmodium falciparum malaria on concen-
tration of HIV-1-RNA in the blood of adults in rural Malawi: a
prospective cohort study. Lancet 2005; 365:233-240.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



LLIN/Water Filter and HIV-1 Disease Progression Walson et al.

20.

21.

22.

Mermin J, Lule JR, Ekwaru JP. Association between malaria and
CD4 cell count decline among persons with HIV. / Acquir
Immune Defic Syndr 2006; 41:129-130.

Mouala C, Houze S, Guiguet M, Abboud P, Pialoux G, Viget N,
et al. Imported malaria in HIV-infected patients enrolled in the
ANRS CO4 FHDH study. / Acquir Immune Defic Syndr 2008;
49:55-60.

Ndenga B, Githeko A, Omukunda E, Munyekenye G, Atieli H,
Wamai P, et al. Population dynamics of malaria vectors in
western Kenya highlands. / Med Entomol 2006; 43:200-206.

Naranjo JGC. Assessment of the LifeStraw Family Unit using the
World Health Organization guidelines for ‘evaluating household
water treatment options: health-based targets and performance
specifications’. University of Arizona, Tucson, AZ: The Depart-
ment of Soil, Water and Environmental Science; 2011.

Clasen T, Naranjo J, Frauchiger D, Gerba C. Laboratory assess-
ment of a gravity-fed ultrafiltration water treatment device
designed for household use in low-income settings. Am J Trop
Med Hyg 2009; 80:819-823.

Walson J, Singa B, Sangaré L, Naulikha}, Piper B, Richardson B,
et al. Empiric deworming to delay HIV disease progression in
adults with HIV who are ineligible for initiation of antiretro-
viral treatment (the HEAT study): a multisite, randomised trial.
Lancet Infect Dis 2012; 12:925-932.

Hammer SM, Katzenstein DA, Hughes MD, Gundacker H,
Schooley RT, Haubrich RH, et al. A trial comparing nucleoside
monotherapy with combination therapy in HIV-infected adults
with CD4 cell counts from 200 to 500 per cubic millimeter.
AIDS Clinical Trials Group Study 175 Study Team. N Engl/ Med
1996; 335:1081-1090.

Khambalia A, Joshi P, Brussoni M, Raina P, Morrongiello B,
Macarthur C. Risk factors for unintentional injuries due to falls
in children aged 0-6 years: a systematic review. /njury Prevent
2006; 12:378-381.

23.

24.

25.

26.

27.

28.

29.

30.

Lingappa JR, Baeten JM, Wald A, Hughes JP, Thomas KK,
Mujugira A, et al. Daily acyclovir for HIV-1 disease progression
in people dually infected with HIV-1 and herpes simplex virus
type 2: a randomised placebo-controlled trial. Lancet 2010;
375:824-833.

Kamya MR, Gasasira AF, Achan J, Mebrahtu T, Ruel T,
Kekitiinwa A, et al. Effects of trimethoprim-sulfamethoxazole
and insecticide-treated bednets on malaria among HIV-
infected Ugandan children. A/DS 2007; 21:2059-2066.
MerminJ, Ekwaru JP, Liechty CA, Were W, Downing R, Ransom
R, et al. Effect of co-trimoxazole prophylaxis, antiretroviral
therapy, and insecticide-treated bednets on the frequency of
malaria in HIV-1-infected adults in Uganda: a prospective
cohort study. Lancet 2006; 367:1256-1261.

Fewtrell L, Kaufmann RB, Kay D, Enanoria W, Haller L, Colford
JM Jr. Water, sanitation, and hygiene interventions to reduce
diarrhoea in less developed countries: a systematic review and
meta-analysis. Lancet Infect Dis 2005; 5:42-52.

Colford JM Jr, Saha SR, Wade TJ, Wright CC, Vu M, Charles S,
et al. A pilot randomized, controlled trial of an in-home
drinking water intervention among HIV + persons. /| Water
Health 2005; 3:173-184.

Lule JR, Mermin J, Ekwaru JP, Malamba S, Downing R, Ransom
R, et al. Effect of home-based water chlorination and safe
storage on diarrhea among persons with human immuno-
deficiency virus in Uganda. Am |/ Trop Med Hyg 2005;
73:926-933.

Siegfried N, Uthman OA, Rutherford GW. Optimal time for
initiation of antiretroviral therapy in asymptomatic, HIV-
infected, treatment-naive adults. Cochrane Database Syst
Rev 2010:CD008272.

Joint United Nations Programme on HIV/AIDS. Outlook:
UNAIDS outlook report. Geneva: Joint United Nations
Programme on HIV/AIDS; 2009. p. v.

1501

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



