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Abstract
Objective: To evaluate effectiveness of point-of-use water treatment in improving
treatment of children affected by severe acute malnutrition (SAM).
Design: Programme sites were randomized to one of four intervention arms:
(i) standard SAM treatment; (ii) SAM treatment plus ﬂocculent/disinfectant water
treatment; (iii) SAM treatment plus chlorine disinfectant; or (iv) SAM treatment plus
ceramic water ﬁlter. Outcome measures were calculated based on participant
status upon exit or after 120 d of enrolment, whichever came ﬁrst. Child
anthropometric data were collected during weekly monitoring at programme sites.
Child caregivers were interviewed at enrolment and exit. Use of water treatment
products was assessed in a home visit 4–6 weeks after enrolment.
Setting: Dadu District, Sindh Province, Pakistan.
Subjects: Children (n 901) aged 6–59 months with SAM and no medical
complications.
Results: Recovery rates were 16·7–22·2 % higher among children receiving water
treatment compared with the control group. The adjusted odds of recovery were
approximately twice as high for those receiving water treatment compared with
controls. Mean length of stay until recovery was 73 (SD 24·6) d and mean rate of
weight gain was 4·7 (SD 3·0) g/kg per d. Differences in recovery rate, length of stay
and rate of weight gain between intervention groups were not statistically
signiﬁcant.
Conclusions: Incorporating point-of-use water treatment into outpatient treatment
programmes for children with SAM increased nutritional recovery rates. No
signiﬁcant differences in recovery rates were observed between the different
intervention groups, indicating that different water treatment approaches were
equally effective in improving recovery.

Malnutrition contributes to more than half the deaths
among children under 5 years of age in developing
countries and the association between malnutrition and
mortality is well documented(1,2). Severe acute malnutrition (SAM) persists as a signiﬁcant problem, affecting at
any one time an estimated 16·9 million children under
5 years old worldwide, with the largest number affected
(9 million) in south-central Asia(3–5). Over the past two
decades, the development of ready-to-use therapeutic
foods (RUTF) has resulted in a paradigm shift, with SAM
cases now treated on an outpatient basis through community management of acute malnutrition (CMAM)
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programmes. CMAM is an effective decentralized outpatient approach to managing SAM that has several
advantages compared with inpatient care, including higher
coverage rates and lower opportunity costs for families(6).
The cost of rehabilitation in CMAM programmes remains
high, with a large proportion of total costs going towards
RUTF which are relatively expensive products that cost
$US 0.31–0·37 per sachet and approximately $US 33–60
per two-month treatment course (which requires 10–15 kg
of RUTF)(6,7). Despite the entry of new manufacturers into
the market, prices of RUTF have not decreased substantially over time and gaps in product availability are
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anticipated to persist as a challenge in the future .
Increasing the efﬁciency of SAM treatment, by shortening
treatment duration and thereby reducing the amount of
RUTF required, could help humanitarian agencies and
national governments to improve CMAM programming,
which would enable the rehabilitation of more children
with SAM.
Access to safe drinking-water remains a signiﬁcant
global challenge, where an estimated 1·8 billion people
use faecally contaminated drinking-water sources that can
lead to the transmission of diarrhoeal and other diseases(10). Diarrhoeal diseases, which cause an estimated
10–15 % of child deaths, have been described as both a
cause and an effect of child undernutrition(5,11). Undernutrition has been shown to lead to increased frequency
and duration of diarrhoeal illness whereas diarrhoeal
illness impairs weight and height gains, when illness is
recurrent or when the child is severely malnourished(12).
The relationship between undernutrition and susceptibility
to infections is complex and not fully understood. Traditional intervention strategies have focused largely on
nutritional intake; however, it is recognized that new
approaches, including those that address infection, are
needed(13). In the context of CMAM programmes, where
children with SAM are treated at home, access to safe
drinking-water is a major concern, as consumption of
contaminated water can lead to increased morbidity and
mortality risk as well as reduce the efﬁcacy of RUTF. Pointof-use water treatment has the potential to decrease
exposure to diarrhoeal disease pathogens, reduce incidence of diarrhoeal disease and increase the speed of
recovery of children with SAM, thereby reducing the
length of enrolment in CMAM programmes, the amount of
RUTF required for treatment and overall treatment costs.
The present study aimed to characterize the impacts of
safe drinking-water during the treatment of children with
SAM in areas with limited access to safe drinking-water.
Study ﬁndings can serve as a basis for recommendations to
improve SAM treatment protocols and have implications
for both emergency and development settings where
acute malnutrition is prevalent and access to safe drinkingwater is limited.

Access to improved water sources is nearly universal in
Sindh (93 %), with tube wells or boreholes, ﬁtted with
hand pumps, being the most common water source in
rural areas and piped water in urban areas(15). However,
consumption of safe drinking-water remains a challenge
as the majority of households (90 %) do not treat
drinking-water and a predominance of water sources are
contaminated; a recent study found that 77–92 % of
drinking-water from shallow pumps, dug wells and water
supply schemes in Sindh Province were faecally contaminated(15,16). Inadequate access to sanitation is also a
signiﬁcant challenge as 86 % of urban households and
only 45 % of rural households use improved non-shared
toilet facilities(15). As a result of the poor access to water
and sanitation, diarrhoea is a common problem among
young children in Sindh, with the prevalence rate of child
diarrhoea estimated as between 23 and 35 % (for a 2-week
recall period)(17,18).
Sample size calculations
Sample size calculations were determined based on the
primary outcome of length of stay (LoS) in the CMAM
programme and were informed by Action Against Hunger
Dadu programme data and Sphere standards(19). Calculations were based on the following assumptions: (i) mean
LoS of 59 (SD 20) d; (ii) a reduction of ≥ 10 d in mean LoS,
which is the point at which use of the ﬂocculent/disinfectant method becomes cost-effective; (iii) a design effect
of 2 to account for clustering by treatment unit/area; and
(iv) a power (1 – β) of 80 % and a signiﬁcance level of
α = 0·05. Calculations were performed using the statistical
software package Stata version 13 and the AI Therapy
Statistics’ sample size calculator (https://www.ai-therapy.
com/psychology-statistics/sample-size-calculator) to ensure
that the recommended sample size would be sufﬁcient
given that the number of children receiving care at each
CMAM site cannot be controlled. Calculations yielded a
minimum sample size of 170 children per group; the
planned minimum sample size was increased to 200 children per group (800 children total) and the planned
maximum sample size was 300 children per group (1200
children total) to account for loss to follow-up and possible
differences in sample size between intervention groups.

Methods
Study location
The present study evaluated the effectiveness of pointof-use water treatment within the context of CMAM programme sites supported by Action Against Hunger in
Dadu District of Sindh Province in Pakistan. This research
is especially pertinent to Pakistan, where over 50 % of
child deaths are linked to malnutrition(14). The study took
place in Sindh Province, where half (48 %) of children are
stunted and the prevalence rates of global acute malnutrition and SAM are 15·4 and 3·6 %, respectively(15).

Study design
Allocation of intervention groups was done by CMAM
programme site because it increased the likelihood of
ﬁdelity to the planned intervention and because it was
more feasible to implement than individual assignment.
Blinding was not possible given the obviously different
nature of the three point-of-use water treatment approaches and the need for a control group. Selection of
CMAM sites accounted for other ongoing Action Against
Hunger interventions, which resulted in the exclusion of
some sites, either because of other ongoing intervention
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studies within the CMAM programme or because of
widespread water and sanitation programming. A total of
forty-one CMAM treatment sites were identiﬁed as potential sites for inclusion; six were subsequently excluded
because of the logistical difﬁculties and cost of travel to
access the sites. All sites were perceived by Action Against
Hunger as having similarly acceptable levels of performance for CMAM performance indicators (recovery rate,
treatment duration, weight gain, etc.). Eligible sites were
assigned to four groups based on the following criteria: (i)
projected caseload, such that reasonably similar numbers
of SAM cases would present to facilities in each group
during the study period; and (ii) urban/rural/rural remote
CMAM site location, such that proportions of children in
the caseload coming from each of these environments
would be as similar as possible across comparison groups.
The locations of each group of facilities were subsequently
mapped to ensure balanced spatial coverage and were
reviewed by ﬁeld staff to ensure similarity and logistical
feasibility. After agreement on the assignment of CMAM
sites to four comparison groups, each group was randomly
assigned to an intervention. A total of twenty CMAM sites
in the Dadu, Johi, Khairpur Nathan Shah and Mehar
talukas (or sub-districts) of Eastern Dadu District participated in the study (Fig. 1).

Inclusion/exclusion criteria and enrolment
Prospective participants were identiﬁed through enrolment at a participating CMAM site; the entry criterion for
the CMAM treatment programme was a child mid-upper
arm circumference (MUAC) of <11·5 cm. Children were
ineligible for participation if they met one or more of
the following criteria: (i) a diagnosis of kwashiorkor; or
(ii) they required inpatient treatment for SAM because of
other complicating condition(s); or (iii) their caregiver(s)
were unwilling or unable to agree to their participation.
Children graduating from inpatient treatment (i.e. no
remaining medical complications) to the outpatient CMAM
programme were eligible for participation. Exited children
were classiﬁed as: (i) cured when MUAC ≥12·5 cm for two
consecutive weeks; (ii) not recovered when MUAC <12·5
cm after 120 d; (iii) defaulted when absent for two consecutive visits; or (iv) died during time registered in the
CMAM programme. Children were eligible for inclusion in
the study if they were: (i) between 6 and 59 months of age;
(ii) diagnosed as an uncomplicated SAM case; (iii) enrolled
in the CMAM programme at a participating site; and (iv) if
the child’s caregiver consented to participation.
Trained staff members conducted the recruitment.
Caregivers of eligible children were given information
about the study and participation was requested; caregivers were assured that their decision to participate
would not impact their child’s SAM treatment or access to
other services. Informed consent was obtained by Action
Against Hunger staff and included obtaining permission
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from the child’s caregiver to enrol the child and consent
for the household to participate in the study. Caregivers
had the opportunity to ask questions regarding participation and, prior to the consent process, a description of the
speciﬁc water treatment intervention at the site was given.
Because of high illiteracy rates and the minimal risks
associated with participation, oral permission and consent
was obtained, as it is preferable not to have beneﬁciaries
sign documents they cannot read. The study information
and consent process were conducted in Sindhi or Urdu,
depending on the participant’s preference; similarly, data
collection during the study was conducted in either
language.
Interventions
SAM treatment was delivered through the existing CMAM
programme sites and included a health screening, weekly
provision of RUTF, weekly monitoring of child anthropometry and hygiene promotion(20). Within the context of
the CMAM programme, the following point-of-use water
treatment interventions were assessed: (i) a ﬂocculent/
disinfectant (Procter & Gamble Puriﬁer of Water (P&G
PoW)), which is commonly used in emergency settings
and is particularly effective in the treatment of turbid
water(21,22). The participants in the P&G PoW group were
provided with fourteen sachets of the water treatment
product weekly during their CMAM visit (sufﬁcient to treat
20 litres/d); (ii) a chlorine disinfectant (Aquatabs 67 mg;
Medentech, Wexford, Republic of Ireland), which are a
low-cost, locally available, mass-market water treatment
option. The Aquatabs group was provided with seven
Aquatabs weekly during their CMAM visit (sufﬁcient to
treat 20 litres/d); (iii) ceramic water ﬁlters (10″ ceramic
cartridges mounted on a plastic bucket; Aqua Fine, Lahore,
Pakistan) that are available in Sindh Province and were
delivered to the participant’s home within a few days of
enrolment; and (iv) water storage (control group), in
which participants received a container to safely store
water and continued to care for their water as usual.
Caregivers in the P&G PoW, Aquatabs and Ceramic Filter
groups were instructed on how to use the product,
including a demonstration and a take-home step-by-step
guide, and were provided with necessary materials to use
the product in addition to a safe water storage container.
Data collection and analysis
After consenting to participate, caregivers completed an
enrolment interview, which included child and caregiver
characteristics; household characteristics, living conditions
and food security; and a Knowledge, Attitudes, Practices
(KAP) survey on nutrition, water, sanitation and hygiene.
Children’s anthropometric data were collected during
weekly monitoring at the CMAM sites and included MUAC,
height/length and weight; quantity of RUTF distributed
and occurrence of diarrhoea in the preceding week were
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Fig. 1 (colour online) Maps showing Dadu District in Pakistan and allocation of sites within the district according to intervention
group (THQ, Tehsil Headquarters Hospital; MNCH, maternal, newborn and child health; DHQ, District Headquarters Hospital; P&G
PoW, Proctor & Gamble Purifier of Water)

also collected. A home visit was conducted approximately
4–6 weeks after enrolment to assess the use of water
treatment products. Stored drinking-water was tested for
free and total chlorine levels (P&G PoW and Aquatabs
groups (Free Chlorine Test Kit CN-66F; Hach, Loveland,
CO, USA)) and for presence of faecal coliforms (all groups,
unless high chlorine levels rendered testing unnecessary
(One-Step Simple Water Test for Bacteriological Contamination; prepared and distributed by Pakistan Council
of Research in Water Resources, Islamabad, Pakistan). Exit
interviews were conducted using a similar questionnaire
to the enrolment interview with additional questions on
perceptions and utilization of the point-of-use treatment
product. Data were collected using the Open Data Kit

(ODK) platform (https://opendatakit.org/) on encrypted
devices; records were transferred to a database manually
and then deleted from the mobile device.
Performance indicators and outcome measures were
calculated based on participant status upon exit or after
120 d of enrolment, whichever came ﬁrst. Primary outcome measures included: (i) mean LoS in the CMAM
programme; (ii) average daily weight gain (g/kg per d);
and (iii) the recovery rate, which was the proportion of
children exiting the programme cured. Analysis was conducted in Stata version 13 and included descriptive statistics, univariate and multivariate regression. Linear and
logistic regression models were used to adjust for the age
and sex of the child and for caregiver, household and site
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characteristics; a stepwise approach was used with
P > 0·20 as criterion for removal from the model.
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Results
A total of 901 children were enrolled in the study, with 219
children enrolled at control sites, 231 at sites receiving
Aquatabs, 220 at sites receiving ceramic ﬁlters and 231 at
sites receiving P&G PoW (Fig. 2). Children enrolled in
each of the participant groups were similar at baseline in
terms of most individual and household characteristics
documented in enrolment interviews (Table 1). Children
in the P&G PoW and Aquatab groups had higher diarrhoea
prevalence than children in the Control group, and
children in the Aquatabs group had lower weight-forheight. Other differences between intervention and control groups included household access to an improved
latrine, which remained low (30·2–42·1 %), and distance to
a household’s primary water source, although the time
spent to fetch water did not highlight difﬁculties to access
water (8·6 to 16·1 min to the water source). While differences in mean household hunger score were statistically
signiﬁcant, scores indicated little to no hunger in any of
the groups, suggesting that food insecurity was not a major
concern at the time the study was conducted. Across all
groups, 4 % of participants did not complete the study
(Fig. 2). Participants who were referred to a nutrition
stabilization centre or another facility for medical complications and participants who migrated out of the programme area were considered lost to follow-up. This
included 2 % (n 5) of children in the Aquatabs group, 6 %
(n 14) in the Ceramic Filter group, 5 % (n 11) in the P&G
PoW group and 3 % (n 6) in the Control group.

Ultimately, 865 children completed the study: 213 in the
Control group, 222 in the Aquatabs group, 205 in the
Ceramic Filter group and 218 in the P&G PoW group.
Recovery rates were signiﬁcantly higher in all three intervention groups than in the Control group (Table 2) but,
except for the Aquatabs group, did not meet Sphere
standards of at least 75 % of children in the programme
recovering. Differences in recovery rates between intervention and control groups ranged from 16·6 percentage
points for the P&G PoW group (P < 0·001), to 17·6 percentage points for the Ceramic Filter group (P < 0·001) and
22·1 percentage points for the Aquatabs group (P < 0·001);
differences in recovery rates among intervention groups
were not statistically signiﬁcant. All groups met Sphere
standards for mortality rates (<10 %) and default rates
(<15 %); however, non-response rates were high (ranging
from 19·4 to 33·0 %) across all groups. Children who
remained in the programme for 120 d but did not have an
increase in MUAC to >12·5 cm were considered nonresponsive or non-recovered. LoS until recovery ranged
from 21 to 120 d, with a mean stay of 73 (SD 24·6) d. Mean
rate of weight gain was 4·7 (SD 3·0) g/kg per d. Differences
in LoS and rate of weight gain between groups were not
statistically signiﬁcant (Table 2).
Adjusting for differences in child and household characteristics (including child age, sex, MUAC and diarrhoea
prevalence, and household food insecurity) in a logistic
regression model, all treatments were found to signiﬁcantly increase the odds of recovery within 120 d
(Table 3). After adjusting for these factors, odds ratios
ranged from 1·9 (95 % CI 1·2, 2·8; P < 0·001) for P&G PoW
and ceramic ﬁlters to 2·5 (95 % CI 1·7, 3·9; P < 0·001) for
Aquatabs; differences in adjusted odds of recovery
between treatment groups were not statistically signiﬁcant.
Independent of treatment effects, children from

Total eligible at all sites
(n 901)

Enrolment/Allocation

Enrolled in arm 1: Aquatabs
(n 231)

Enrolled in arm 2: Ceramic Filter
(n 220)

Enrolled in arm 3: P&G PoW
(n 231)

Enrolled in arm 4: Control
(n 219)

Follow-up
Loss of follow-up:

Loss of follow-up:

Loss of follow-up:

• Transferred to NSC (n 4)
• Migrated or inaccessible (n 1)

• Transferred to NSC (n 12)
• Migrated or inaccessible (n 2)

Analysed:
• Recovered (n 167)
• Died (n 1)
• Defaulted (n 11)
• Non-recovered (n 43)

Analysed:
• Recovered (n 145)
• Died (n 4)
• Defaulted (n 16)
• Non-recovered (n 40)

Loss of follow-up:

• Transferred to NSC (n 9)
• Migrated or inaccessible (n 2)

• Transferred to NSC (n 4)
• Migrated or inaccessible (n 2)

Analysed:
• Recovered (n 152)
• Died (n 2)
• Defaulted (n 16)
• Non-recovered (n 48)

Analysed:
• Recovered (n 113)
• Died (n 1)
• Defaulted (n 27)
• Non-recovered (n 72)

Analysis

Fig. 2 (colour online) Flowchart of study participation (P&G PoW, Proctor & Gamble Purifier of Water; NSC, nutrition stabilization
centre)
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Table 1 Characteristics of the study population at baseline (February–May 2016): children aged 6–59 months with severe acute malnutrition
(with no medical complications) and their families, Dadu District, Sindh Province, Pakistan

Public Health Nutrition

Control
(n 219)

Child characteristics
Aged 5–11 months
Aged 12–23 months
Aged 24–60 months
Female
Male
Mean MUAC (cm)
Mean WHZ
Diarrhoea in past week
Household characteristics
Rural
Urban
Household size
No. of children
<5 years
Household hunger
score*
Access to improved
latrine
Protected water
source†
Water source location
Home/compound
In village
Outside village
Other
Minutes to water
source
Water storage container
Open container
Cleanable container
Water treatment use
(any)
Boiling
Cloth filter

Aquatabs
(n 231)

Point
estimate
(%)

Point
estimate
(%)

Difference
from
Control

60·3
26·0
13·7
57·1
42·9
10·8
− 3·2
29·2

63·2
25·1
11·7
58·0
42·0
10·8
− 3·5
36·8

2·9
− 0·9
− 2·0
0·9
− 0·9
0·0
− 0·3
7·6

77·6
22·4
9·3
2·9

72·7
27·3
8·9
2·6

− 4·9
4·9
− 0·4
− 0·3

1·0

0·4

30·2

P&G PoW
(n 231)

P value

Point
estimate
(%)

Difference
from
Control

60·0
28·1
11·3
62·8
37·2
10·8
− 3·4
41·6

− 0·3
2·1
− 2·4
5·7
− 5·7
0·0
− 0·2
12·4

0·502
0·112

77·1
22·9
9·4
2·8

− 0·5
0·5
0·1
0·1

− 0·6

<0·001

0·4

42·1

11·9

0·030

87·2

82·3

− 5·0

62·1
22·8
13·2
1·8
11·4

52·4
35·5
12·1
0·0
16·1

− 9·7
12·7
− 1·1
− 1·8
4·7

93·6
70·8
10·1

92·2
59·7
9·1

27·3
72·7

9·5
90·5

0·999

Ceramic Filter
(n 220)

P value

Difference
from
Control

P value

62·7
26·4
10·9
66·4
33·6
10·7
− 3·4
25·5

2·5
0·3
− 2·8
9·3
− 9·3
− 0·1
− 0·2
− 3·8

0·998
0·952

77·3
22·7
9·1
2·8

− 0·3
0·3
− 0·2
0·0

0·845
0·962

− 0·6

<0·001

0·5

− 0·6

<0·001

35·7

5·5

0·513

41·3

11·1

0·050

0·237

89·6

2·4

0·766

94·1

6·9

0·064

0·772

21·8
− 9·8
− 10·2
− 1·8
− 2·9

<0·001

0·052

65·0
26·8
6·8
1·4
9·7

2·9
4·0
− 6·4
− 0·5
− 1·7

0·253

<0·001

83·9
13·0
3·0
0·0
8·6

0·353

− 1·4
− 11·0
− 1·0

0·883
0·029
0·963

93·9
77·5
4·4

− 0·3
− 6·7
− 5·7

0·998
0·278
0·056

93·6
69·6
6·4

0·0
− 1·2
− 3·7

1·000
0·985
0·321

− 17·8
17·8

0·251

10·0
90·0

− 17·3
17·3

0·445

7·1
92·9

− 20·1
20·1

0·242

0·168
1·000
0·030
0·208
0·474

0·790

Point
estimate
(%)

0·994
1·000
0·257
0·028
0·998

0·992
0·589
0·808
0·251
0·559
1·000

P&G PoW, Proctor & Gamble Purifier of Water; MUAC, mid-upper arm circumference; WHZ, weight-for-height Z-score.
Significant P values are indicated in bold.
*Scale of 0–6, where a higher score indicates more hunger.
†Includes piped water, public taps, tube wells/boreholes, protected dug wells and protected springs.

households with access to a protected water source were
2·3 times more likely to recover within 120 d than children
from households without a protected water source (95 %
CI 1·5, 3·5; P < 0·001). Accounting for interactions between
treatments and access to a protected water source did not
signiﬁcantly modify the odds of recovery within 120 d
(data not shown). Each 1 cm increase in MUAC at enrolment also signiﬁcantly increased the odds of recovery
within 120 d (OR = 1·5; 95 % CI 1·2, 1·8, P = 0·001), while
diarrhoea prevalence reduced odds of recovery by 60 %
(OR = 0·4; 95 % CI 0·2, 0·9; P = 0·029) and food insecurity,
measured by household hunger score, decreased the odds
of recovery by 10 % (OR = 0·9; 95 % CI 0·8, 1·0; P = 0·008).
Among children who recovered within 120 d, MUAC
and diarrhoea prevalence were found to have a signiﬁcant
association with treatment duration required to meet exit
criteria (Table 3). After adjusting for treatment group and
other child and household characteristics, each 1 cm
increase in MUAC at enrolment was found to signiﬁcantly
decrease LoS in the programme by 7·1 d (95 % CI –10·3,
−3·8 d; P < 0·001). In contrast, longitudinal prevalence of

diarrhoea during the study period was found to signiﬁcantly increase LoS by 11·1 d (95 % CI 0·4, 21·8 d;
P = 0·042) per prevalent week.
Water quality testing conducted approximately 4–6 weeks
after enrolment revealed relatively high levels of faecal
contamination in household water supplies, with positive
bacteriology tests in at least one-third of households in all
treatment groups. Water contamination was most prevalent
in Control group households (55 %). Aquatabs and P&G
PoW groups had signiﬁcantly lower prevalence of contamination, with 37·3 and 33·9 % of households showing
positive bacteriology, respectively. There was not a statistically signiﬁcant difference in prevalence of water contamination between the Ceramic Filter and Control groups.
Children in the Aquatabs group had signiﬁcantly lower
longitudinal prevalence of diarrhoea than children in the
Control group during the study period (20 v. 26 %;
P = 0·006), which may have contributed to recovery rates in
this group. Diarrhoea prevalence among Ceramic Filter and
P&G PoW groups did not vary signiﬁcantly from the
Control group.
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Water treatment
Control
(n 208)

Aquatabs
(n 226)

%

Difference
from
Control (%)

45·6
37·3
62·7

45·6
− 18·0
18·0

%
Residual chlorine present*
n/a
Contaminated†
55·3
Not contaminated‡
44·7
Diarrhoea in the last week (longitudinal prevalence)
Mean
26
SD
20

P&G PoW
(n 218)

−6

20
17

P value

%

Difference
from
Control (%)

<0·001
< 0·001

31·7
33·9
66·1

31·7
− 21·4
21·4

0·006

−2

24
21

Ceramic Filter
(n 212)
Difference
from
Control (%)

P value

%

< 0·001
< 0·001

n/a
50·5
49·5

–
− 4·8
4·8

–
0·314

24
21

−2

0·561

0·561

P value
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Table 2 Intervention outcomes among the study population: children aged 6–59 months with severe acute malnutrition (with no medical complications), Dadu District, Sindh Province, Pakistan

CMAM: recovery rates
Control
(n 213)

Recovered
Death
Default
Non-recovered

Aquatabs
(n 222)

Sphere
standard

%

%

Difference
from
Control (%)

>75 %
<10 %
<15 %
–

53·1
0·5
12·7
33·0

75·2
0·5
5·0
19·4

22·2
0·0
− 7·7
− 13·6

P&G PoW
(n 218)

P value

%

Difference
from
Control (%)

<0·001

69·7
0·9
7·3
22·0

16·7
0·4
− 5·3
− 11·0

Ceramic Filter
(n 205)

P value

%

Difference
from
Control (%)

<0·001

70·7
2·0
7·8
19·5

17·6
1·5
− 4·9
− 13·5

P value
<0·001

CMAM: LoS and weight gain (among recovered children only)
Control
(n 113)

Sphere
standard
LoS (d)
Weight gain (g/kg per d)

≤60
>5

Aquatabs
(n 167)

Mean

SD

Mean

SD

Difference
from
Control

72
4

23
4

75
5

23
4

3·0
1·0

P&G PoW
(n 152)

P value
0·515
0·175

Mean

SD

70
5

27
3

Difference
from
Control
− 2·0
1·0

Ceramic Filter
(n 139)

P value
0·877
0·37

Mean

SD

Difference
from
Control

76
4

25
2

4·0
0·0

P value
0·388
0·985

P&G PoW, Proctor & Gamble Purifier of Water; CMAM, Community Management of Acute Malnutrition; LoS, length of stay; n/a, not applicable,
Significant P values are indicated in bold.
*Not measured for the Control and Ceramic Filter arms; presumed to be zero since no households reported use of chlorine-based water treatment at enrolment.
†Positive bacteriology.
‡Negative bacteriology or residual chlorine presence.
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Table 3 Odds of recovery and length of stay among children aged 6–59 months with severe acute malnutrition (with no medical complications), Dadu District, Sindh Province, Pakistan
Logistic regression model: recovery
Unadjusted
OR
Control
Aquatabs
Ceramic Filter
P&G PoW
Aged 5–11 months
Aged 12–23 months
Aged 24–60 months
Female
Male
MUAC at enrolment (cm)
Protected water source
Diarrhoea in the last week
(longitudinal prevalence)
Household hunger score

95 % CI

Adjusted
SE

1·0
1·4
2·0
0·3

(Reference)
1·8, 4·0
0·6
1·4, 3·2
0·4
1·4, 3·0
0·4
(Reference)
0·8, 1·6
0·2
0·7, 1·8
0·3
(Reference)
0·8, 1·4
0·2
1·1, 1·7
0·2
1·3, 3·0
0·4
0·2, 0·7
0·1

0·8

0·7, 0·9

2·7
2·1
2·0
1·1
1·1

0·0

P value

OR

<0·001
<0·001
<0·001

2·5
1·9
1·9

0·456
0·634

1·0
1·0

0·838
0·001
0·001
0·003

1·1
1·5
2·3
0·4

(Reference)
1·7, 3·9
0·6
1·2, 2·9
0·4
1·2, 2·8
0·4
(Reference)
0·2
0·8, 1·4
0·6, 1·7
0·2
(Reference)
0·8, 1·5
0·2
1·2, 1·8
0·2
1·5, 3·5
0·5
0·2, 0·9
0·2

<0·001

0·9

0·8, 1·0

95 % CI

SE

P value
<0·001
0·001
<0·001
0·914
0·881
0·680
0·001
<0·001
0·029

0·1

0·008

SE

P value

Linear regression model: length of stay among recovered children
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Unadjusted
Coefficient
Control
Aquatabs
Ceramic Filter
P&G PoW
Rural
Urban
Aged 5–11 months
Aged 12–23 months
Aged 24–60 months
Female
Male
MUAC at enrolment (cm)
Diarrhoea in the last week
(longitudinal prevalence)

3·1
5·2
− 2·3
− 4·7
− 4·9
− 5·8
− 0·7
− 4·3
11·3

95 % CI

Adjusted
SE

(Reference)
− 2·7, 9·0
3·0
− 0·9, 11·2
3·1
− 8·3, 3·7
3·0
(Reference)
− 9·4, 0·0
2·4
(Reference)
− 10·6, 0·9
2·9
− 13·6, 2·1
4·0
(Reference)
− 5·7, 4·4
2·6
− 7·9, −0·8
1·8
0·5, 22·1
5·5

P value

Coefficient

0·297
0·094
0·449

3·1
4·9
− 1·2

0·051

− 4·5

0·099
0·149

0·4
− 2·0

0·793
0·017
0·040

− 1·0
− 7·1
11·1

95 % CI

(Reference)
− 2·6, 8·9
2·9
− 1·0, 10·9
3·0
− 7·1, 4·7
3·0
(Reference)
− 9·2, 0·2
2·4
(Reference)
− 4·2, 5·0
2·3
− 8·4, 4·4
3·3
(Reference)
− 5·0, −3·0
2·1
− 10·3, −3·8
1·6
0·4, 21·8
5·4

0·287
0·104
0·687
0·063
0·867
0·536
0·631
<0·001
0·042

P&G PoW, Proctor & Gamble Purifier of Water; MUAC, mid-upper arm circumference.
Significant P values are indicated in bold.
Note: Differences between treatment effects in adjusted model are not statistically significant.

Discussion
In the present site-randomized trial, provision of water
treatment products signiﬁcantly increased nutritional
recovery of acutely malnourished children in an outpatient
treatment programme. Recovery rates were 16·7 to 22·2 %
higher among children receiving water treatment compared with the control group and the adjusted odds of
recovery were approximately twice as high for those
receiving water treatment compared with controls. These
ﬁndings suggest that various types of water treatment
products can be effective in improving treatment outcomes in CMAM programmes. These ﬁndings are consistent with evidence from Chad, where children in CMAM
programmes who received water treatment also had signiﬁcantly greater recovery rates compared with those
receiving the standard care(23).
However, the mechanism by which water treatment
impacted treatment outcomes remains unclear. Lower

diarrhoea prevalence was associated with increased odds
of recovery, but the hypothesis that safe drinking-water
would reduce diarrhoea prevalence, thereby resulting in
faster recovery, did not hold. Longitudinal prevalence of
diarrhoea was only 2–6 % lower among children in water
treatment groups compared with controls and differences
in LoS in treatment between groups were not statistically
signiﬁcant. This suggests that diarrhoeal pathogens may be
contracted through pathways other than drinking-water,
including hands and food, and that other determinants
such as poor hygiene practices and environmental contamination may also need to be addressed to achieve
larger reductions in diarrhoea prevalence.
Another potential explanation is lower than expected
uptake of water treatment. In the Aquatabs and P&G PoW
groups, residual chlorine was found in stored drinkingwater in 45·6 and 31·7 % of households, respectively, at an
unannounced visit, suggesting that water treatment use
may not have been consistent. Households receiving
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chlorine-based treatment had bacterial contamination rates
signiﬁcantly below (18·0–21·4 %) that of the control group
whereas no signiﬁcant difference in bacterial contamination was observed between the ceramic ﬁlter and control
groups, suggesting that water disinfection was fully successful in only a minority of intervention households. This
was conﬁrmed in qualitative interviews, where participants reported lack of perceived value of water treatment
and insufﬁcient time as reasons for delaying or inconsistently using water treatment products.
The intervention did not include continued education or
promotion of water treatment products past the initial
enrolment visit where households were assigned to a
treatment group and educated on the use of a speciﬁc
water treatment product. Efforts to promote increased
uptake, either at weekly CMAM visits or at the home,
could have helped to increase utilization of water treatment and change beneﬁciary perceptions of its value.
Household water treatment has been shown to reduce
diarrhoea prevalence in other settings(24), thus better
adherence to water treatment and safe water storage could
strengthen the beneﬁts of water treatment observed in the
present study by reducing prevalence of diarrhoea. In the
current study, water quality was assessed on a single
household visit using a qualitative presence/absence test.
Quantitative measures could have provided valuable
information on the exposure to risks to faecal coliforms
and other pathogens, where there is an established relationship between bacterial concentration and risk of
diarrhoeal disease(25). Future studies to better understand
the role of safe drinking-water and diarrhoea in SAM
recovery should test water quality more frequently using
quantitative measures as well as assess the severity of
diarrhoeal episodes.
While the hypothesized pathway of improved water
quality translating to reductions in both diarrhoea prevalence and length of treatment did not hold, there are
several alternative explanations for the higher recovery
rates observed among children in the intervention groups.
First, it is possible that receipt of water treatment products
served as a participation incentive. This hypothesis is
supported by similarities in LoS of recovered children
across all study groups and the higher proportion of nonrecovered children in the control group (33·0 %) compared
with the intervention groups (19·4–22·0 %). If this
hypothesis is correct, receipt of water treatment products
may have encouraged parents to visit treatment centres
more, thereby increasing the proportion of children who
regularly received RUTF which translated to a lower proportion of non-responders and higher recovery rates. A
second and related explanation is bias, due to the nonblinded study design, where parents of children in the
water treatment groups were more consistent in adherence to CMAM protocols in the home, notably RUTF
provision, or had improved hygiene behaviours. In this
scenario, the presence and use of water treatment
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products in the household may have served as a reminder
or incentive for improved feeding, hygiene and care
practices. Different hygiene and/or feeding behaviours of
caregivers in the intervention groups compared with the
control group may have biased the study and contributed
to the observed differences in recovery rates between
children receiving water treatment and the control group.
The mean LoS, which ranged from 70 to 76 d and was
statistically similar across groups, exceeded the Sphere
standard of 60 d. It was consistent with ﬁndings from
CMAM programmes in Northern Pakistan where mean LoS
was 70 d(26). The observed LoS was greater than those
reported in other Action Against Hunger-supported programmes in Sindh, which may be the result of differences
in exit criteria between the national Pakistani protocol
(MUAC > 11·5 cm) and the study protocol (MUAC > 12·5 cm).
The study protocol is based on WHO recommendations(27)
that children with SAM be discharged at MUAC > 12·5 cm.
Other studies have demonstrated that changes in admission
and discharge criteria affect CMAM performance indicators
such as LoS(28). Use of the 12·5 cm exit criterion as compared
with the national protocol exit criterion (MUAC >11·5 cm)
also contributed to higher non-recovered rates in the study
than those observed under normal CMAM programming
in Sindh, as children in the national protocol have 120 d to
reach 11·5 cm whereas children in the study had 120 d
to reach 12·5 cm.

Limitations
Sample size calculations used LoS data that differed greatly
from LoS observed in the study; this may have resulted in
an inappropriate estimation of sample size and inability to
detect results as anticipated for some indicators. The
absence of a Supplementary Feeding Programme in the
area led to children being kept in treatment until they
reached 12·5 cm, which resulted in children remaining in
the CMAM programme for longer than anticipated in the
study design; this was corrected for in the LoS analysis but
may have contributed to the lower recovery rates
observed in the study compared with those reported from
CMAM programme performance data. Enrolment occurred
over a period of several months and differences in rate of
enrolment across groups could have contributed to a
seasonal bias: the Ceramic Filter and Control groups
enrolled fewer children over the ﬁrst two months (February–March) than Aquatabs and P&G PoW groups, then
caught up with higher enrolments in May, leading to
proportionally more children still in treatment during the
lean season (from July to October) in the Ceramic Filter
and Control groups. The added scrutiny of the research
may also have contributed to enforcing more rigorous
MUAC measurements and discharge criteria than in regular programmes. Finally, the study would have beneﬁted
from an increased number of household visits with water
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testing and quantitative testing which provides estimates
of bacterial load.
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Conclusions
Incorporating point-of-use water treatment into outpatient
treatment programmes for children with SAM increased
nutritional recovery rates. No signiﬁcant differences in
recovery rates were observed between the different
intervention groups, indicating that different water treatment approaches were equally effective in improving
recovery. These ﬁndings are aligned with results from a
similar study in Chad which also observed that water
treatment resulted in increased recovery rates among
children with SAM in outpatient treatment programmes(23).
These studies represent an emerging evidence base that
suggests that in areas without widespread access to safe
drinking-water, introduction of point-of-use water treatment technologies as an element of CMAM treatment
protocols may be beneﬁcial. Addition of water treatment
to national protocols for treatment of children with SAM
may contribute to improved recovery rates in outpatient
treatment programmes, in addition to potentially having
beneﬁts in terms of cost-effectiveness (E Rogers, H
Tappis, S Doocy et al., unpublished results). While the
introduction of water treatment resulted in increased
recovery rates, more research is needed to understand
the pathway to achieving this outcome, particularly
given that substantial reductions in diarrhoea prevalence
were not observed among children in the treatment
groups as was hypothesized. Prevalence of diarrhoea
was, however, found to strongly reduce odds of recovery, conﬁrming the necessity to address the water,
sanitation and hygiene risks that are estimated to account
for 58 % of diarrhoeal diseases in low- and middleincome countries(29). Understanding the casual pathways
and linkages between provision of water treatment
technologies and improved CMAM programme outcomes
such as recovery is critical for informing recommendations
for changes to national protocols and programme
implementation.
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