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ABSTRACT
Severe acute malnutrition (SAM) affects 12.2 million children globally. Integrating a water, sanitation and hygiene (WASH) kit

in outpatient SAM treatment can improve recovery rates by preventing WASH‐related diseases and complications, but its cost at

scale remains unknown. This study estimates the cost of integrating a WASH kit, composed of chlorine‐based water treatment,

safe water storage with a lid, soap, and a hygiene promotion component into Senegal's national protocol for treating

uncomplicated SAM. This costing study was nested within the TISA randomised controlled trial, which evaluated the addition

of a WASH component to standard SAM treatment for children aged 6–59 months. Cost data were collected from 660

participants enroled between December 2020 and December 2021. We took a societal perspective and used a micro‐costing
approach to estimate direct medical, non‐medical and indirect costs. The WASH component led to a 2021 international $105.32

additional cost per child treated, with the WASH kit, transportation and management representing $33.03. Sensitisation to

hygiene and water treatment cost $13.46 at health posts and $29.63 for two at‐home visits. No additional out‐of‐pocket expenses
were incurred by households, but $1.58 in opportunity costs (income loss) was observed. Human resources were the main cost

driver for the WASH component, exceeding the human resources for standard SAM treatment. The total societal cost per child

treated was $338.77, ranging from $238.09 to $517.29 in sensitivity analysis, with the SAM treatment representing 69% ($233.40)

of this total cost. The main expense for this component was Ready‐to‐Use‐Therapeutic Food (RUTF) ($154.39). The absence of

additional costs for households induced by the WASH component is encouraging, as it suggests that it would not represent an

obstacle to integration into the national protocol. We produced a robust and comprehensive cost estimate for integrating a

WASH kit and hygiene promotion into Senegal's SAM treatment protocol. This increased the treatment cost by 45% which was

lower than estimates from a previous study. Results inform budget planning and support future cost‐effectiveness analyses of
integrating WASH interventions into SAM protocols.
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1 | Introduction

Severe acute malnutrition (SAM) currently affects an estimated
12.2 million children under five globally, with 22.1% living in
Africa (Levels and Trends in Child Malnutrition, 2025). The
World Health Organization (WHO) defines SAM as a condition
characterised by a weight‐for‐height z‐score (WHZ) below −3,
and/or a mid‐upper arm circumference (MUAC) less than
115mm and/or the observation of bilateral oedema (World
Health Organization 2013). This burden has been exacerbated by
the COVID‐19 pandemic (Headey et al. 2020), armed conflicts,
rising of food prices and climate change (Soaring Food Costs, Low
Rainfall and Insecurity Leave Children in the Sahel at Risk of
Catastrophic Levels of Severe Malnutrition ‐ UNICEF, 2022).

SAM is a multifactorial condition, driven by food insecurity,
inadequate caregiving practices, and unsanitary environments
(UNICEF Conceptual Framework |UNICEF, 2021). The WHO
recommends the community‐based management of acute mal-
nutrition (CMAM) for children with uncomplicated SAM cases,
whereby children receive outpatient treatment programmes
(OTP) including medical and ready‐to‐use therapeutic food
(RUTF) administered at home by caregivers. The term
“uncomplicated SAM” refers to children who do not present
bilateral oedemas, medical complications (e.g., diarrhoea or
fever) and who pass the appetite test at the health post; hence can
be treated in an outpatient setting. This decentralised model has
been widely embraced, as it reduces households' costs and
healthcare system constraints, thus improving access and
adherence to treatment. Its implementation has improved cov-
erage and treatment outcomes (World Health Organiza-
tion 2023), thereby enhancing the response to SAM in vulnerable
communities (Puett et al. 2013; Tekeste et al. 2012; Wilford
et al. 2012). It also lowers provider costs and was shown to be
cost effective in various settings (Puett et al. 2013; Tekeste
et al. 2012; Wilford et al. 2012).

However, children treated under CMAM remain exposed to
infection risks due to inadequate water, sanitation, and hygiene
(WASH) conditions in the household and community environ-
ments (Wolf et al. 2023). As treatment is delivered in a less con-
trolled environment, exposure to enteric pathogens may lead to
recurrent diarrhoeal episodes and diverticular diseases (Cumming
et al. 2016). These conditions are known to negatively affect

nutritional status, contributing to growth faltering (Checkley
et al. 2008; Rogawsk et al. 2018) or SAM (Dangour et al. 2013).

As WASH interventions have proven effective in reducing res-
piratory infections (Ross et al. 2023), and are cost‐effective for
preventing diarrhoeal disease (Wolf et al. 2022, 2023), a growing
number of operational initiatives have sought to improve
nutritional outcomes by integrating WASH components. For
instance, the WASH‐in‐Nut strategy developed by stakeholders
from both the nutrition and WASH sectors in West and Central
Africa promotes multisectoral programming (WASH‐Nutrition
Strategy |UNICEF West and Central Africa, 2022). In Senegal,
UNICEF currently distributes a WASH kit to children under-
going treatment for SAM. These kits typically include essential
water treatment, hygiene and/or sanitation supplies, such as
chlorine‐based water treatment or soap. They are generally
distributed in specific contexts such as humanitarian crises or
as support to clinical care (cholera, malnutrition…), where
evidence suggests they can improve health outcomes. Inte-
grating a WASH component into SAM treatment protocols
aligns with global health priorities by addressing both the
immediate consequences of malnutrition and its underlying
determinants, namely poor access to safe water and hygiene.
This approach is consistent with recent WHO recommenda-
tions, which encourage multisectoral strategies for preventing
malnutrition.

Action contre la Faim (ACF) and partners previously conducted
two studies—the Programme for Improved Nutrition in Emer-
gencies (PURE) trial in Pakistan (Doocy et al. 2018) and the
Ouadinut study in Chad (Altmann et al. 2018)—which demon-
strated the clinical benefits of integrating WASH into SAM
management. The PURE study reported a positive difference of
22.1 percentage points in SAM recovery rate among children who
received chlorine‐based water treatment in addition to the stan-
dard CMAM protocol. Similarly, the Ouadinut study showed a
statistically significant increase in recovery rates with a 10.5%
difference (Confidence Interval [IC] 95% [6.7–19.8]). However, the
economic and financial dimensions of these interventions were
insufficiently addressed, highlighting a gap in the evidence base to
inform policy, particularly in West Africa.

Given the significant burden of SAM and the constraints on health
system resources, assessing the financial and economic feasibility
of effective interventions is essential. Such evaluation supports
policymakers and programme implementers in maximising health
impact while ensuring efficient resources allocation.

To contribute to the limited evidence on the cost of operational
feasibility of integrated approaches, the Traitement Intégré de la
Sous Nutrition Aiguë (TISA, “Integrated Treatment of Acute
Malnutrition”) trial was launched in December 2020 in north-
ern Senegal. It was conducted in the context of ongoing dis-
cussion within the Senegalese Ministry of Health regarding
updates to the national SAM treatment protocol. The TISA trial
was designed to assess the effectiveness and cost‐effectiveness of
adding a scalable WASH kit and sensitisation to the standard
protocol for outpatient treatment of uncomplicated SAM.

This study, embedded in the TISA trial, aims to estimate the
economic and financial cost of integrating a WASH component

Summary

• Integrating a WASH component increased treatment
costs by $105.32 per child treated, representing a 45%
rise in total costs.

• The WASH component did not result in additional house-
holds out‐of‐pocket expenses, making it a viable option for
scale‐up in similar low of middle income settings.

• The main expenses of the WASH component were
the HR related to the training sessions and the at‐home
sensitisations, as well as the purchase cost of the kit.

• These findings are useful for implementers, policy-
makers and donors aiming to improve SAM treatment
outcomes while ensuring efficient resource allocation.
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into the SAM treatment protocol during the first year of
implementation, using a disaggregated societal perspective.

2 | Methods

2.1 | Study Context

The TISA trial was implemented in northern Senegal, in the
districts of Podor and Pété located in the Saint‐Louis region, and
Dahra and Linguère located in the Louga region. This Sahelian
zone is predominantly inhabited by Fula nomadic communities,
whose livelihoods primarily rely on agriculture and livestock. In
2022, the prevalence of SAM in children aged 6–59 months was
4.3% in the Louga region and 1.8% in the Saint‐Louis region
(Conseil National de Sécurité Alimentaire ‐ Sénégal 2022). In
2023, the prevalence of diarrhoea among children aged
6–59 months was estimated at 23.5% (Sénégal: Enquête Dé-
mographique et de Santé Continue, 2023). According to the
United Nations, in 2022, only 14% of the population had access
to safely managed sanitation services (SDG indicator 6.2.1a,
2022) and 27% used a safely managed drinking water service
(SDG indicator 6.1.1, 2022) (Senegal | SDG 6 Data, n. d.).

2.2 | Study Design

The costing study was embedded within a cluster‐randomised trial
assessing the effects of adding a WASH component into the ex-
isting OTP for SAM. During this trial, 86 health posts delivering
OTP treatment were randomly allocated in two arms. The control
arm, which followed the standard SAM protocol as outlined in the
Senegalese national guidelines (Ministère de la Santé et de la
Prévention‐Sénégal 2013), and an intervention arm, which com-
bined the standard protocol with an additional WASH component.
It included the distribution of a simple WASH kit and hygiene‐
related behaviour change communication activities, and will be
referred in the rest of the article by “the WASH component.”

Interventions in both arms were delivered by head nurses and
community health workers working within the existing public
health system. Community volunteers also took part in the
intervention, carrying at‐home visits. They are members of the
community, usually women, who are not part of the formal
healthcare workforce but are compensated on a per‐activity
basis through project funding. They are responsible for sensi-
tisation and communication on health issues at the community
level. In the context of acute undernutrition, they play a key
role in community mobilisation, case detection, and linking
households to health posts (Politique nationale de santé com-
munautaire 2014). Details of the intervention are presented in
annex (Supporting Information S1: Table S1). Patient pathway
and the tasks and activities performed by key staff as part of the
WASH component are presented in Figure 1 and Table 1.

2.3 | Study Population, Perspective and Time
Horizon

This cost analysis focused solely on the intervention arm of the
TISA trial. The study population included all children aged

6–59 months with uncomplicated SAM who received treatment
during the first year of enrolment, from December 22, 2020 to
December 21, 2021. A total of 660 SAM children were enroled
in the intervention arm and received treatment up to 8 weeks,
in accordance with the duration recommended in the national
protocol.

In line with national guidelines, SAM was defined by weight‐for‐
height z‐score below −3 (WHO Child Growth Standards) and/or a
mid‐upper arm circumference below 115 millimetres and/or the
presence of nutritional oedema (World Health Organization, &
United Nations Children's Fund UNICEF 2009).

Both financial and economic costs were estimated from a
societal perspective. Financial costs refer to actual expenditures
by implementing actors (national health system, UNICEF,
ACF) and household out‐of‐pocket expenses, while economic
costs include the opportunity cost of caregivers' time.

The costing time horizon was 1 year, allowing the inclusion of
annual expenses such as training sessions. The time frame of
the intervention was 8 weeks, corresponding to the recom-
mended treatment duration per child. Activity costs were cal-
culated by dividing total annual costs by the number of children
treated during the year (660), resulting in estimates expressed
per child treated over an 8‐week period.

2.4 | Data Collection

Costing data were collected between December 2020 and
December 2021. We only considered costs incurred specially
for the implementation of this study, excluding capital
costs for existing infrastructure and research and trial
monitoring costs. Building and nonspecific furniture costs
were not taken into account, as our intervention was em-
bedded within existing health system structures. Costs for
each step of the intervention were proportionally allocated
based on the actual resource use during the first year of
implementation.

Sociodemographic and expenditure data were collected from
caregivers at admission using the trial's enrolment ques-
tionnaire. Head nurses recorded clinical and medical data at
admission and during weekly follow‐up visits, in line with
the standard SAM treatment protocol. They were later ex-
tracted from the health post registries and transferred to
the trial database for costing purposes. To gain a compre-
hensive understanding of implementation processes and
identify the personnel involved in each intervention activity,
in‐depth semi‐structured interviews were conducted with
key informants.

We used a purposive sampling approach. Standardised
questionnaires, coded using Open Data Kit software (ODK)
and including both open‐ and closed‐ended questions, were
used to assess the care procedures, resources mobilised and
time required to perform each task of the WASH component.
All 86 head nurses delivering SAM treatment at health posts
and the 43 community volunteers responsible for WASH kit
distribution were targeted.
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FIGURE 1 | Patient pathway for the TISA intervention.

TABLE 1 | Tasks and activities performed by key staff in the intervention arm of the TISA trial (excluding research and trial monitoring

activities).

Staff involved
Activity Health district level community level TISA staff

Training One‐day training of the 43
head nurses (one per health
post) of the intervention arm,

delivered twice a year

One‐day training delivered once
a year for the 43 community

volunteers of the
intervention arm

− Planning and management
of each training session by
the TISA head of project

− Training of the community
volunteers by the ten TISA
officers

Standard
SAM treatment

43 head nurses perform the
SAM treatment consultation
(admission and follow‐up at
the health post) and prescribe

the RUTF

SAM treatment
promotion

43 head nurses deliver the
SAM treatment promotion at

admission

43 community volunteers
perform two households visits
for TISA promotion where SAM

treatment is discussed

WASH kit
distribution

43 head nurses distribute the
TISA kit and manage the kit

stock

43 community volunteers
perform two households visits
for TISA promotion where the

WASH kit is discussed

Hygiene
promotion

43 head nurses deliver the
hygiene promotion at

admission

43 community volunteers
perform two households visits
for TISA promotion where

hygiene is discussed

Abbreviations: SAM, severe acute malnutrition; TISA, integrated treatment of acute malnutrition; WASH, water, sanitation and hygiene.
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2.5 | Cost Valuation

We used an ingredient‐based costing approach to estimate the
cost of each part of the TISA intervention, with each step cor-
responding to mutually exclusive activity costs:

− Activity cost 1: training of implementers of the WASH
component, including health workers and community
volunteers

− Activity cost 2: standard SAM outpatient treatment, as
delivered by the existing health system

− Activity cost 3: sensitisation to adherence to SAM treat-
ment delivered at the health post

− Activity cost 4: WASH kit hardware, distribution, man-
agement and water treatment promotion delivered at the
health post

− Activity cost 5: hand hygiene sensitisation at the health post

− Activity cost 6: overall sensitisation (water treatment,
hygiene, and treatment adherence) during at‐home visits.

Each activity cost was disaggregated into human resources, ma-
terials and household opportunity costs. The activity cost for SAM
OTP treatment (activity cost 2) also includes RUTF and drugs, and
out‐of‐pocket expenses borne by households for accessing care
(including transportation and meals incurred when seeking care)
(see Table 2). Although building infrastructure costs were ex-
cluded due to data limitations, we included costs related to
equipment and materials, such as medical supplies for standard
care and sensitisation or training tools for the WASH component.

Personnel costs were calculated by multiplying the time spent
on each activity (obtained via time allocation questionnaires) by
the hourly corresponding wage. Wages were drawn from the
Wage Indicator for health system personnel in Senegal (Emplois
et Revenus, n. d.) and from the study by Granström et al for
community volunteers (Colnerud Granström 2009).

Material costs included anthropometric equipment (e.g., height
boards) and medical examination tools (e.g., thermometer), WASH
kit components (e.g., buckets) and communication materials (e.g.,
image box). Estimates were based on ACF and trial financial
records and accounted for both quantities and frequency of use.
For durable equipment with a lifespan exceeding 1 year (e.g.,
height boards), straight‐line annual depreciation was used, as we
have no reason to assume that the depreciation rate of the material
would vary overtime. Depreciation was calculated by dividing the
purchase cost by its expected lifespan (Drummond et al. 2015;
Johns et al. 2003). For each health post, this value was then
divided by the estimated number of uses per year (approximated
by the total number of consultations conducted at the health post),
to obtain the cost attributable to each child and each consultation.
For items with a shorter lifespan (e.g., thermometers, middle‐
upper arm circumference tapes), costs were prorated based on
their usage, then divided by the average number of monthly
consultations to estimate the cost per consultation and per child.

Drug costs related to SAM treatment comprised antibiotics,
anthelmintic, vitamin A and the measles vaccine. Following the

national outpatient protocol (Ministère de la Santé et de la
Prévention‐Sénégal 2013), the quantity of medication adminis-
tered per child was estimated based on age and body weight at
admission. Drug costs were sourced from the National Supply
Pharmacy website (Pharmacie Nationale d'Approvisionnement ‐
Sénégal, n. d.) and were multiplied by the estimated quantity
used to calculate total drug costs per patient.

RUTF consumption was estimated using weight‐based dosage
guidelines from the Senegalese CMAM protocol (Ministère de la
Santé et de la Prévention‐Sénégal 2013) based on the child's
weight at admission and during weekly follow‐ups. The unit
cost per RUTF sachet included the UNICEF reference price for
a box (150 sachets) (UNICEF 2022) plus an additional 50% to
account for supply chain and delivery cost to delivery points, as
per expert consultation. Total RUTF cost per patient was
calculated by multiplying the number of sachets consumed by
the estimated unit cost per sachets.

Although outpatient SAM care is provided free of charge in
Senegal, household incurred nonmedical costs, such as trans-
portation and meal expenses on consultation days. In addition,
indirect costs were captured by valuing the opportunity cost of
caregivers' time using the human capital approach. The time
spent accompanying the child to consultations and participating
in hygiene promotion activities (including travel and waiting
time) was given a shadow cost based on the caregiver's self‐
reported occupation (mainly domestic work). We then applied
the monthly income for a domestic work reported in the Har-
monised Household Living Conditions Survey in Senegal
(Sénégal ‐ Enquête Harmonisée sur les Conditions de Vie des
Ménages (EHCVM‐2018‐2019), 2021).

2.6 | Data Analysis

All individual‐level clinical, economic, financial and socio-
demographic data were analysed using STATA (StataCorp, ver-
sion 16, 2019). Data from structured questionnaires collected
through ODK were cleaned and analysed in Microsoft Ex-
cel 2016.

2.7 | Outcome

We aggregated all cost component to estimate activity costs, for
each step of the intervention. The total intervention cost was
then obtained by summing all activity costs and dividing the
result by the number of children with SAM treated during
the first year of the trial. This resulted in the primary outcome:
the cost per SAM child treated.

Costs were disaggregated by funding stakeholder, and the relative
share of the WASH component and standard SAM treatment costs
was estimated. All costs were expressed in 2021 international
dollars, using purchasing power parity (PPP) exchange rates
(Conversion Rates ‐ Exchange Rates ‐ OECD Data, n. d.). No dis-
counting rate was applied given the short time horizon of the
study. Further details on data sources and calculation methods are
presented in Appendix Table 2 to 7.
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2.8 | Sensitivity Analysis

First, we conducted a univariate deterministic sensitivity analysis
on the costs induced by the WASH component, presented in the
form of a tornado diagram, to identify the variables whose
uncertainty has the greatest impact on the variability of our results.
To construct this analysis, base case, minimum and maximum
values were determined. Base case values were drawn from em-
pirical trial data, while the minimum and maximum values were
determined using interviews with field staff and literature. For
parameters based on self‐reported data, the 10th and 90th per-
centiles were used to define plausible bounds. Other parameters
were varied by ±10%, except for those with higher expected vari-
ability (such as health professional salaries and opportunity cost
for community volunteers), which were varied by ±25%.

We also conducted a multivariate deterministic sensitivity
analysis, to assess bounds of uncertainty variation in our total
cost. We constructed two deterministic scenarios: a best‐case
scenario, where all costs and parameters take their minimum
value, and a worst‐case scenario, with all parameters set to their
maximum value. These hypothetical scenarios provided esti-
mate of the cost variability range.

Finally, a programmatic scale‐up scenario was developed to
simulate the conditions in which the intervention would be
delivered if exclusively carried out by the national health sys-
tem, without ACF support. This scenario offers preliminary
insight into the intervention's financial sustainability in routine
conditions.

2.9 | Ethical Considerations

Ethics approval on this economic evaluation was granted by the
National Health Research Ethics Committee of Senegal (CNERS)
(Ref. 000138/MSAS/DPRS/CNERS and 000969‐MSAS/DPRS/
DR) and the Research Ethics Committee (REC) (Ref. 21278) of
the London School of Hygiene and Tropical Medicine. The trial
in which this study is nested was registered at ClinicalTrials. gov
(ID: NCT04667767). Written informed consent was obtained
from all participants before data collection.

3 | Results

3.1 | Overall Cost of the Intervention

From a societal perspective, the average cost per child treated
with the combined SAM treatment and WASH component was
$338.77 (Tables 2 and 3). The WASH component (including the
kit and sensitisation activity) added $105.32 per child,
representing 31% of the total treatment cost.

3.2 | Cost of the Intervention by Activity

We disaggregated the intervention cost by activity costs to es-
timate the expenditure associated with each implementation
step. The highest cost component was the standard SAM
treatment, averaging $233.45 per child treated based on 6.4T
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consultations at the health post. The cost of the WASH kit,
including transportation and management, amounted to $33.03
per child. Health post sensitisation activities totalled $13.46 per
child, broken down into: SAM treatment adherence promotion
($4.08), water treatment sensitisation ($4.69) and hand hygiene
promotion ($4.69). The two at‐home sensitisation visits con-
ducted by community volunteers cost $29.63 for both visits.
Training activities represented an additional $29.20 per child.

A full breakdown of activity costs per patient is available in
Table 2.

3.3 | Cost of the Intervention by Actors Bearing
the Costs

Table 3 presents the costs borne by each stakeholder involved in
the intervention. The costs are shared between the project
implementers (ACF), the patient's households and the institu-
tional actors involved in healthcare. In Senegal, these actors
include the health posts, the community health system, the
districts, the Ministry of Health and the UNICEF, which pro-
vides support to the institutional health system (e.g., in the
procurement of RUTF, antibiotics, anthropometric materials…).
However, our data did not allow us to distinguish between the
part supported by the UNICEF and the part borne by the health
system.

As shown Table 3, ACF covered 22% of the overall intervention
($74.58 per child), while UNICEF and the healthcare system
61% ($206.15), and households contributed 17.1% ($58.04).
Household costs were almost entirely related to the standard
SAM treatment, including $43.01 in out‐of‐pocket expenses and
$13.44 in opportunity costs. The WASH component generated
only in $1.58 opportunity costs.

3.4 | Cost of the Intervention by Components

For the overall intervention, the largest cost driver was RUTF,
representing 45% of total intervention cost ($154.39 per
child). HR costs accounted for 22%, while households’ out‐of‐
pockets expenses represented 13%. Other component included
materials (8%), WASH kit procurement (8%) and household
opportunity costs (4%).

Concerning the WASH component, the main expenses were
the HR related to the purchase, transportation and management
of the kit (representing 58% of the component cost), the kit's
hardware purchase cost (25%) and the cost of other materials
(11%). Distribution of the costs for the WASH component are
represented in Figure 2.

3.5 | Sensitivity Analysis

Concerning the overall intervention (i.e., standard treatment plus
the WASH component), caregiver's opportunity costs and human
resources during SAM treatment were the most variable cost
components, contributing significantly to overall cost uncertainty.
The caregiver opportunity cost for SAM treatment led to a 3.4%
decrease ($11.45) reduction or up to a 8.4% increase ($28.55) of the
total cost. HR for SAM treatment can induced a 2.6% decrease
($8.85) or a 5.4% increase ($18.31) in total cost.

The tornado analysis conducted for the WASH component
(threshold: > $2) is shown Figure 3. Human resource costs
during training and implementation, along with the cost of
WASH kit hardware, were identified as the main drivers of cost
variability. For example, the WASH component cost ($105.32 in
the base case) ranged from $103.41 to $120.62 when HR cost for
the management of the WASH kit in health post varied from

FIGURE 2 | Distribution of the costs for the WASH component. HR: Human resources, WASH: Water, sanitation and hygiene. Dollars are

expressed in 2021 international dollars.

11 of 16

 17408709, 2026, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/m

cn.70100, W
iley O

nline L
ibrary on [15/11/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



$0.44 to $17.66, and from $101.03 to $109.01 when the kit
hardware cost ranged from $21.70 to $29.68. Additional tornado
analyses performed by activity costs are available in Supporting
Information S1: Figures S1–S5.

The multivariate sensitivity analysis, assessed with best‐ and
worst‐case scenarios, estimated that the total costs per child
treated in the WASH intervention arm ranged from $238.09 to
$517.29. Supporting Information S1: Table S8 presents potential
variations in activity costs and key components under a pro-
grammatic scale‐up scenario. With the exception of training, all
activity costs were assumed to decrease under the scale‐up
conditions.

4 | Discussion

4.1 | Main Results

The societal and provider costs of the adapted protocol
including the WASH component was $338.77 and $280.74 per
child treated, respectively. Adding the WASH component
increased the cost by $105.32, a 45% increase, mainly driven
by HR ($61.41, including training sessions and opportunity
costs for trainees) and kit constituents ($25.99). No additional
out‐of‐pocket costs were incurred by the households.

These results align with the PURE study, where the combina-
tion of SAM treatment with Aquatabs cost $270 (2021 int dollar)
from the provider perspective. Although the absolute increase
in cost was very similar to ours ($105.00), the relative increase
was higher in PURE (64% vs. 45%), likely due to contextual and
design differences. The PURE study hired additional WASH

personnel, whereas TISA leveraged the existing health system
to deliver WASH kits. This highlights the potential for inte-
grated care to generate cost savings from the provider per-
spective. Morever, Aquatabs distribution was tied to treatment
duration, but TISA limited this duration to 8 weeks, capping the
number of tablets provided. Lastly, PURE excluded households
costs and included home water testing, which was considered a
research cost in our study.

4.2 | Materials, Kit Constituents and Cost
Implications

WASH kit materials cost $25.99, accounting for 25% of the
additional WASH‐related costs. To limit expenses and enhance
sustainability, the kit was designed using locally available items
(e.g., soaps, Aquatabs and buckets) thereby reducing supply
chain risks.

In comparison, the PURE study provided only a safe water
storage container with Aquatabs, while the Ouadinut and TISA
kits were similar, with the Ouadinut kit also including a
drinking cup and additional Aquatabs for a 1‐month post-
treatment period. The UNICEF kit currently distributed in
Senegal which includes a handwashing station, soap, bleach, a
towel and Aquatabs is more complex and faces logistical chal-
lenges such as stock‐outs and low coverage. The simpler TISA
kit, covered by ACF in this study, could be more cost‐effective if
deployed by UNICEF, without shifting costs to households, gi-
ven its ability to efficiently address logistical constrains. TISA
WASH kits management and transportation costs were low:
$4.57 per kit for transportation and $2.35 for management at
distribution points. Kits were prepositioned and largely

FIGURE 3 | Tornado analysis of the variables composing the WASH component. HR: Human resources, WASH: Water, sanitation and hygiene,

AC: activity cost Dollars are expressed in 2021 international dollars.
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composed of locally sourced materials (with Aquatabs available
as a mass‐market option in Senegal), helping to minimise stock‐
outs and reduce transportation costs compared to the UNICEF
kit. Scaling‐up the TISA intervention could reduce costs further
through economies of scale, and integrating kit distribution into
the Ministry of Health supply chain could yield additional
savings. Other materials (e.g., the picture box and the training
materials) represented 11% of the additional cost ($11.77) and
could be reused in case of scale‐up and lead to subsequent
savings per child treated.

4.3 | Human Resources

Human resources costs for the WASH component were $61.41 per
child, representing 58% of WASH‐related costs, significantly higher
than HR for SAM treatment alone ($12.71). This reflects the
increased workload for head nurses and community volunteers as
well as their opportunity costs, under the societal perspective.
Health workers' training and refresher sessions cost $26.03 per
child treated, representing the largest human resources expense.
While this constitutes a recurrent cost (required annually or for
newly recruited staff) training efficiency may improve over time
with experience, potentially reducing preparation time. However,
organisational constraints could offset these gains by increasing
the duration of sessions. In a scale‐up scenario, a cascade training
model could reduce overall costs. Home visits by community
volunteers, also contributed $25.38.

In this study, ACF and TISA staff only supported kit procurement,
transport and staff training. But a national implementation could
shift these tasks to UNICEF and the health system staff, entailing
their own opportunity costs. A more sustainable approach would
integrate the WASH kit delivery into the Ministry of Health's
system, with support from local actors and community‐based or-
ganisations. This would require targeted investment in capacity‐
building and training but may reduce dependency on higher‐cost
agencies. Projected variations in a programmatic scale‐up scenario
are presented in Appendix, Table 8. These remain preliminary
estimates, requiring refinement with real‐world conditions in case
of a future implementation.

4.4 | Cost of the Sensitisation Component

The sensitisation activities on water treatment, hand hygiene and
adherence to SAM treatment cost $43.16 per SAM case treated.
Sensitisation at the health posts, led by the head nurses, were less
costly ($13.46) than at‐home visits conducted by conducted vol-
unteers. The opportunity costs for community volunteers are high,
as they can face extensive sensitisation and travel times, which
reduces involvement in other community tasks.

Comparison with existing literature remains limited, as to our
knowledge, no study have estimated hygiene promotion costs
specifically in SAM children. One study in Bangladesh evaluated a
7‐day, hospital‐based hygiene intervention for cholera contact
persons at 2021 int $110 per household (George et al. 2016). (Ross
et al. 2021). However, such figures should be interpreted with
caution due to contextual and methodological differences.

In the event of a potential scale‐up, a value‐for‐money analysis
would help determine whether maintaining two at‐home visits
is justifiable to strengthen hygiene promotion during treatment.

4.5 | SAM Treatment Cost

The societal cost of standard SAM treatment in the study was
$233.40 per child treated for an average of 6.4 weeks. From the
provider perspective, the SAM treatment cost was $177.00,
mainly attributable to RUTF (88%).

A 2023 systematic review on the costs and cost‐effectiveness of
treatment for children with wasting (Mdege et al. 2023), re-
ported variability across contexts due to differences in SAM
definitions, protocols and health systems. While direct com-
parison is limited, our societal cost estimate ($233.40) is below
the review's estimated range of 2021 int $323 to $1750, while the
provider cost ($177.00), is within the reported range (from 2021
int $113 to $1,389).

Several factors could explain these lower costs. First, inpatient
treatment cost was excluded as referred cases exited the
trial. Second, the shorter treatment duration (6.4 consultations)
reflects the TISA design with data censored at 8 weeks. Finally,
the CMAM programme was delivered by local staff only, with
no direct NGO support, reducing wage costs.

4.6 | Households' Cost

The integration of the WASH component imposed a minimal cost
on households, (less than $2.00 per child treated), and primarily
reflects opportunity costs linked to participation in WASH pro-
motion activities. In comparison, SAM treatment generated higher
household costs, with $43.01 in out‐of‐pockets expenses and $13.44
in opportunity cost, which is consistent with estimates from the
literature (2021 int $58 per child treated, [Mdege et al. 2023]). The
WASH component imposed negligible household costs compared
to the standard SAM treatment, highlighting its potential afford-
ability for broader implementation.

4.7 | Sensitivity Analysis

Sensitivity analyses highlighted key cost drivers and sources of
uncertainty. Within the WASH component, HR‐related activ-
ities (training and sensitisation) and kit procurement showed
the greatest influence on cost variation. For the overall inter-
vention, caregivers' opportunity cost and HR during SAM
treatment were the main contributors to uncertainty. These
variations reflect contextual challenges in valuing time and
salaries, particularly given limited access to precise wage data.
Worst‐ and best‐case scenario analyses indicated that the total
cost per child treated could range from $238.09 to $517.29,
highlighting the need for locally grounded data in planning
and budgeting. The programmatic scale‐up scenario suggests
potential cost reductions, notably through bulk purchasing
and centralised procurement, though additional data are
needed to confirm these projections.
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4.8 | Strength and Limitations

This study presents several strengths. A micro‐costing approach
was adopted with costs disaggregated by stakeholders (including
households) and intervention components. The pragmatic design
of the trial allowed estimates to reflect routine conditions, en-
hancing relevance for budget planning. The use of a societal
perspective provided a comprehensive view of both provider and
household costs. To our knowledge, this is the first cost analysis
of SAM outpatient treatment in Senegal, supported by a sample
size allowing robust estimates.

However, this study also has several limitations. Expert assump-
tions were used to estimate the life span of materials, staff travel
distance and RUTF operational costs, due to data gaps. Opportunity
costs for households and community volunteers were derived using
the proxy good methods, based on income data from the harmo-
nised survey of household living conditions in Senegal (Sénégal ‐
Enquête Harmonisée sur les Conditions de Vie des Ménages, 2021).
This may have led to overestimated income losses, particularly in a
context where informal and pastoralist livelihoods are common.
Further evidence is needed to better understand household‐level
costs, especially opportunity costs, which are critical to assess the
longer‐term economic burden of SAM.

Another limitation is the fact that the cost that existing furni-
ture and buildings costs were not included in the analysis,
which may have led to underestimated costs. However, as both
components (standard SAM treatment and WASH component)
relied on the same existing structure, this have not influenced
the ratio between them.

Lastly, economies of scale could not be rigorously projected, as
future price and quantity dynamics in real‐world implementa-
tion remain uncertain.

4.9 | Further Research

The TISA data collection ended in July 2023. A cost‐
effectiveness analysis will be possible once trial results on
health outcomes become available, and if they demonstrate
statistically significant difference between arms. This analysis
would be particularly useful to inform policy decisions. Further
studies should also address key limitations identified in this
study, notably the estimation of important nonmedical costs for
households and important opportunity costs for community
volunteers. In particular, collecting more granular data on
households' incomes levels and sources, especially in settings
with a high prevalence of informal labour, would enhance the
accuracy of economic evaluations and inform the long‐term
financial impact on vulnerable populations.

Future research should also build on existing literature on the
economics of WASH interventions in low‐resource settings and
explore how WASH integrating into SAM treatment may help
reduce healthcare burden. For instance, a hygiene promotion
intervention for cholera prevention in Bangladesh, showed
potential for reducing long‐term cost and improving outcomes
(George et al. 2020) highlighting the relevance of similar
approaches in other contexts.

4.10 | Potential Scale Up of the TISA Intervention
and Future Planning

In the event of a national scale‐up, the financial and opera-
tional sustainability of the WASH component must be care-
fully considered. For example, integrating at‐home hygiene
sensitisation visits by community volunteers would likely
require a shift in the type of compensation they perceive;
from ad‐hoc project‐based compensation (with expense
reimbursements) to a more formalised employment model
with appropriate remuneration, as recommended by the
WHO (World Health Organization 2018). While this evolu-
tion may increase provider costs, it is critical for ensuring
long‐term implementation.

At scale, UNICEF would likely support the most cost‐intensive
components (namely the RUTF and the WASH kit) raising
important questions regarding the feasibility and budget resil-
ience in a context of fluctuating donor support.

According to Senegal's national health information system,
31,206 cases of uncomplicated SAM were admitted to health
posts in 2021 (Systeme d'information sanitaire, n. d.). Apply-
ing the TISA's cost estimates, scaling‐up the intervention
would imply an additional cost of $2.5 to $5 million per year
for institutional stakeholders (under the best and worst‐case
scenarios). These costs must be weighed against the potential
cost savings induced by reduced complications and improved
health outcomes. For instance, an evaluation conducted in
2020 in the same area (Wassonguema et al. 2024) found that
hospital referrals for SAM complications such as diarrhoea
(targeted by the WASH kit) cost an average of 2021 int $452
per hospitalisation, including $205 in out‐of‐pocket expenses
for households. Thus, by reducing the incidence of diarrhoea
during SAM treatment, the WASH component may offer
economic and health returns for both the health system and
vulnerable households.

With appropriate contextualisation, these findings could
inform WASH‐in‐NUT strategies in other Sahelian countries
with similar treatment protocols. UNICEF and other regional
stakeholders could leverage this cost projections to better an-
ticipate the implications of integrated approaches such as
the TISA.

5 | Conclusion

Integrating a WASH component into the standard treatment
for uncomplicated SAM in Senegal would result in a 45%
increase in costs, or an additional $105.32 per child treated,
with minimal additional financial burden on households. This
study provides a comprehensive and context‐specific estimate
of the impact of incorporating a scalable WASH component
into the SAM treatment protocol. These findings are valuable
for budget planning and health policy decisions, particularly in
cost‐effectiveness assessments and in guiding the scale‐up of
similar interventions in Senegal and other Sahelian contexts.
Policymakers, donors and implementing actors can use these
results to optimise resource allocation and maximise the
impact of SAM treatment.
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