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Background. Comparative costs of public health interventions provide valuable data for decision making. However, the
availability of comprehensive and context-specific costs is often limited. The Enterics for Global Health (EFGH) Shigella
surveillance study—a facility-based diarrhea surveillance study across 7 countries—aims to generate evidence on health system
and household costs associated with medically attended Shigella diarrhea in children.

Methods. EFGH working groups comprising representatives from each country (Bangladesh, Kenya, Malawi, Mali, Pakistan,
Peru, and The Gambia) developed the study methods. Over a 24-month surveillance period, facility-based surveys will collect data
on resource use for the medical treatment of an estimated 9800 children aged 6-35 months with diarrhea. Through these surveys, we
will describe and quantify medical resources used in the treatment of diarrhea (eg, medication, supplies, and provider salaries),
nonmedical resources (eg, travel costs to the facility), and the amount of caregiver time lost from work to care for their sick
child. To assign costs to each identified resource, we will use a combination of caregiver interviews, national medical price lists,
and databases from the World Health Organization and the International Labor Organization. Our primary outcome will be the
estimated cost per inpatient and outpatient episode of medically attended Shigella diarrhea treatment across countries, levels of
care, and illness severity. We will conduct sensitivity and scenario analysis to determine how unit costs vary across scenarios.
Results from this study will contribute to the existing body of literature on diarrhea costing and inform future
policy decisions related to investments in preventive strategies for Shigella.
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Conclusions.

Shigella spp. are gram-negative bacteria that cause bacillary dys-
entery or shigellosis. Shigellosis is associated with linear growth
faltering in children and is responsible for an estimated 60 000
deaths of children <5 years old each year [1]. The majority of
cases occur in low-and-middle-income countries (LMICs),
where access to care, relevant diagnostics, and treatment
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facilities are limited. An estimated one-third of children in low-
resource settings experience >1 episode of Shigella-attributable
diarrhea during their first 2 years of life [2]. Global estimates
suggest that >2.1 million cases of moderate-to-severe stunting
in LMICs are attributable to shigellosis annually [3].

The average cost for pediatric diarrhea management in out-
patient and inpatient facilities in LMICs is approximately $40
(USD) and $160 per episode, respectively, with costs varying
widely across studies due to different methodological ap-
proaches to data collection and analysis [4]. Variations in esti-
mated costs are also observed across primary, secondary, and
tertiary level healthcare settings owing to differences in disease
severity presenting at each level. Estimated costs are $3.70,
$33.79, and $31.86 per episode for outpatient settings, respec-
tively and $30.70, $144.54, and $154.89 per episode for inpa-
tient settings, respectively (in 2015 USD). However, there is
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minimal evidence for costs associated with Shigella-attributed
diarrhea specifically. A study of costs associated with shigellosis
patients of all ages was conducted in 3 Thai public hospitals.
Researchers used a microcosting approach from the hospital
(health system) perspective to capture direct medical costs of
laboratory tests, medications, and health service delivery (nurs-
ing care, hotel components of inpatient services, etc) and used
stepwise multiple regressions to generate a cost function. They
estimated direct treatment costs of culture confirmed Shigella
diarrhea to be $8.65 (in 2006 USD) across all patients, with out-
patient visits estimated at $3.51 and inpatient admissions at
$63.25 [5].

Costs associated with diarrheal illness are borne not only by
health facilities and health systems but also by households (ie,
caregivers and other family members). Pediatric diarrhea, in-
cluding Shigella-attributed diarrhea, requires families to forego
income-generating activities and travel to a healthcare facility
with an ill child, receive an appropriate diagnosis, and access
treatment—namely, rehydration therapy and antibiotics—
from a health facility or private pharmacy. This cascade of ac-
tivities to access treatment can be impoverishing, particularly
in severe cases [6, 7].

The Global Enteric Multicenter Study (GEMS), a prospective
matched case-control study in 7 country sites across Asia and
Africa, evaluated pathogen-specific costs borne by households
with a child aged 0-59 months experiencing diarrhea [8].
Household costs included out-of-pocket expenses for the child's
medical care, such as transportation to healthcare providers,
consultations, drugs, diagnostics, food, and other related costs.
Households enrolled in GEMS incurred costs due to Shigella-
attributable diarrhea averaging $8.44 for outpatient visits and
$17.94 for inpatient visits (in 2012 USD). There were no signifi-
cant differences in household costs between pathogens within a
country.

There are considerable gaps in the costing evidence base for
pediatric diarrhea generally and Shigella-attributed diarrhea spe-
cifically. The dearth of evidence from studies using similar meth-
odological approaches limits generalizability [4]. Additional data
points are needed from heterogenous settings to understand
drivers of costs from both healthcare provider and household
perspectives, including care-seeking history, disease severity, pa-
tient age or other vulnerability indicators, and treatments pre-
scribed. This evidence is necessary to understand the potential
value proposition of a future Shigella vaccine and the potential
costs that could be averted for health systems and households
should a vaccine or other innovative interventions become avail-
able in high-burden settings. The purpose of the current analysis
is to provide a comprehensive cost estimate of shigellosis across
multiple diverse settings to inform future policy decisions about
potential investments in preventive strategies.

The Enterics for Global Health (EFGH) Shigella surveillance
study will use cross-sectional and longitudinal data collection

to establish incidence and consequences of Shigella medically-
attended diarrhea (MAD) within 7 country sites in Africa,
Asia, and Latin America. The overarching objective of this
embedded costing study is to estimate costs associated with
Shigella diarrhea incurred by households and healthcare
systems.

METHODS

Study Setting

The EFGH study will be conducted over a 24-month period and
will enroll an estimated 1400 children between 6-35 months old
being treated for diarrhea at health facilities in sites located in 7
countries, including Peru, Pakistan, Bangladesh, Mali, Malawi,
Kenya, and The Gambia (approximately 9800 children total).
The study will collect data from 29 health facilities (5 in
Bangladesh, 6 in Kenya, 1 in Malawi, 4 in Mali, 6 in Pakistan, 5
in Peru, and 2 in The Gambia). Enrollment sites include public
and nonprofit facilities, representing primary, secondary, and ter-
tiary levels of healthcare. More information about healthcare sys-
tems in each country involved in EFGH are described elsewhere
[9-15].

Perspectives

We will present costs of Shigella-attributable MAD from mul-
tiple perspectives, including: (1) the perspective of families
of children experiencing diarrhea (“households”), (2) the per-
spective of health facilities engaged in the EFGH study (“health
system”), and (3) a societal perspective that includes both
household and health system costs.

Time Horizon

The EFGH study will collect data over a 24-month surveillance
period, which accounts for seasonal variability in costs [16]. We
will not project costs beyond the study time period for the pur-
poses of this analysis, however we may conduct future substu-
dies using dynamic modeling or other methods for projecting
costs within different vaccine coverage scenarios.

Protocol Development

The EFGH team have developed standardized study tools—in-
cluding a central protocol, standardized operating procedures,
and data collection tools—using working groups comprised of
subject matter experts from each site [16]. Representatives in-
volved in an EFGH working group on diarrhea case surveil-
lance provided input on costing methods and supported the
development of survey questions. Each site identified a costing
lead who will provide ongoing support for the costing aim
throughout data collection and analysis.

Data Collection
We will collect and categorize costs associated with MAD epi-
sodes as direct medical costs, direct nonmedical costs, and
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indirect costs. Direct medical costs include medications, diag-
nostics, personnel, and hospital bed-day costs borne both by
the health system and households. These costs include all costs
associated with assessment and treatment, irrespective as to
whether the diagnostics or treatments were clinically indicated,
as these represent costs that could be averted by a future vaccine
that prevents a MAD episode. Direct nonmedical costs mainly
entail travel costs borne by caregivers and family members.
Indirect costs, sometimes called opportunity costs, are the value
of time lost from productive work. We will estimate time lost
from work for caregivers (eg, the primary family member car-
ing for the child during their illness) of children with diarrhea.

To determine resource use, we will make use of the following
EFGH data sources: (1) clinical treatment records, (2) data
collected at the enrollment visit, on discharge from the health
facility, and at follow-up visits 4 weeks and 3 months
post-discharge, and (3) mortality interviews with families. To
estimate values of resources used, we will use facility or
national-level price lists, the WHO-CHOICE (CHOosing
Interventions that are Cost-Effective) database, and existing
EFGH data collection tools (Table 1) [17].

Direct Medical Costs: Drugs and Diagnostics

Direct medical costs include costs incurred when diagnosing
and treating children with MAD, in either outpatient or inpa-
tient settings. Direct costs can be incurred by the health system
and/or can be out-of-pocket costs incurred by households if
drugs or medical items are needed but not provided by health
facilities [18]. We will estimate the costs of drugs and any diag-
nostics used in the assessment and treatment of enrolled chil-
dren, primarily from national price lists. Governments
maintain price lists for medications used by public hospitals
and facilities and update the lists periodically to reflect price
changes. Because the prices are based on large volume govern-
ment purchases, price lists typically approximate actual eco-
nomic costs (unlike market prices of drugs purchased at
private facilities, which may be overestimates of true costs
due to profit margins) [19].

In the event that certain medications, supplies, or diagnostic
tests are not included on national price lists, we will conduct
health facility surveys to obtain data on the purchase prices of
drugs and materials at each facility, as well as the prices charged
by private laboratories. If both national price lists and reliable
data on purchase prices are unavailable, then we will use stan-
dardized international price lists, which include a range of prices
from international suppliers for common medications, to esti-
mate the cost of a mediation or diagnostic test [19].

Direct Medical Costs: Health Service Delivery Costs

Health service delivery costs include the “hotel” component of
hospital stays and operational costs for outpatient stays, exclud-
ing patient-specific diagnostic tests, medications, and medical

Table 1. Overview of Major Costs and Associated Data Sources

Type of Cost Data Source

Direct medical costs
Type of visit (inpatient vs outpatient)  Clinical treatment records

Time spent in care Clinical treatment records

Health service delivery cost per WHO-CHOICE
outpatient visit
Health service delivery cost per day of \WHO-CHOICE

inpatient visit
Drugs administered or prescribed at Clinical treatment records

visit for treatment of diarrhea

Diagnostics performed at visit to Clinical treatment records

determine cause of diarrhea

Cost per drug and diagnostic National price lists, primary data

collection from facilities

Clinical treatment records,
discharge survey, 4-wk follow-up
survey

Estimate of caregiver fees associated
with visit

Direct nonmedical costs

Cost of transportation to access
health facility (eg, bus)

Enrollment survey

Costs associated with
accommodation at facility for family
(food, lodging, etc)

Discharge and 4-wk follow-up
surveys

Indirect costs

Estimate of caregiver lost time
associated with caring for child during
diarrhea episode
Estimate of average wage rate in
country

Pre- and post-visit care-seeking costs

Discharge survey

International Labor Organization

Costs of care seeking before and after
a facility visit, by expense
(medication, diagnostic tests, etc) and
visit type (eg, visit to pharmacy shop,
private clinic, or traditional healer)

Enrollment, discharge, and 4-wk
follow-up surveys

supplies (described above). We will estimate health service de-
livery costs using EFGH data and WHO-CHOICE [17].

The WHO-CHOICE project
country-level estimates of service-delivery costs across diseases

developed standardized
and treatments, presented as the cost per inpatient bed-day and
the cost per outpatient visit. WHO-CHOICE inpatient bed-day
and outpatient cost estimates include personnel, capital infra-
structure and equipment, laboratory, maintenance of facility
equipment and building amenities, food costs, and other oper-
ational costs [17]. WHO-CHOICE estimates both inpatient
and outpatient care costs for different levels of the health sys-
tem (eg, primary, secondary, and tertiary-level facilities).
These estimates were originally generated via data from
hospital-based costing studies in 49 countries for various years
ranging from 1973 to 2000, amounting to 2173 country-years of
observations [20]. Regression models were used to predict costs
in countries for which primary data are not yet available.
Models have been updated over time using new data and re-
fined methods [17, 21]. The project includes primary data
from Bangladesh, Kenya, Malawi, and Pakistan, Peru, and
The Gambia, while costs from Mali are modeled estimates.
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The Institute for Health Metrics and Evaluation (IHME)
similarly developed cost-comparative estimates of services de-
livery costs [22]. On average, country-specific costs per outpa-
tient visit from IHME are approximately 103% higher than
estimates from WHO-CHOICE, and the costs per admission
are 3% higher [22]. This is in part due to the fact that IHME
costs include ancillary services such as diagnostics and drugs,
whereas  WHO-CHOICE estimates
Because EFGH is collecting detailed data on diagnostics and
medication use, WHO-CHOICE is more closely aligned with
health service delivery costs currently unaccounted for.
WHO-CHOICE health service delivery cost estimates have
also been used in multiple economic evaluations where primary

exclude these costs.

data collection was not practicable, including treatment of dys-
entery across regions [4, 23].

The EFGH study will estimate inpatient bed-days and out-
patient visits using WHO-CHOICE country-specific esti-
mates. As WHO-CHOICE estimates are presented in 2010
international dollars, we will convert and inflate estimates to
present-day US dollars [24]. To compute inpatient cost esti-
mates, we will multiply WHO-CHOICE daily inpatient ser-
vice delivery costs by the number of days a child was
hospitalized (extracted from medical records). We will also
compute outpatient cost estimates by multiplying the
WHO-CHOICE standardized country rate by the number of
outpatient visits observed.

Direct Medical Costs: Pre- and Post-Care Seeking Costs

At the time of enrollment, we will ask caregivers to report any
prior care they sought for the diarrhea episode, including
costs of visiting a pharmacy or drugs purchased before the
visit. During follow-up, we will similarly ask caregivers about
additional care they sought after their child's initial EFGH
enrollment visit (Table 1). Cost estimates of care seeking be-
fore and after visits may be less precise than estimates for ob-
served EFGH study visits owing to potential recall bias and
less detailed reporting of resource use. Therefore, we will
conduct sensitivity analyses using plausible ranges of health
system costs and household expenditures during these
periods.

Direct Nonmedical Costs

Direct nonmedical costs include payments borne by the pa-
tient's primary caregiver and other family members, such as
transportation to the health facility and costs associated with
food and accommodation for families while their child is treat-
ed at a facility [18]. These costs are not reimbursed by insurance
and can exacerbate the financial burden to households [7]. In
EFGH, we will estimate these costs via caregiver reporting dur-
ing enrollment, discharge, and follow-up (Table 1). Together
with direct medical costs borne by households, these costs con-
stitute household out-of-pocket expenses.

Indirect Costs

Indirect costs describe productivity losses due to morbidity. We
will estimate indirect costs from the household perspective,
specified as the value of the time lost by caregivers from income-
generating activities during the child's illness (eg, opportunity
costs) [18]. Costing studies have commonly overlooked indirect
costs, but wages that go unearned make up a substantial portion
of the economic losses associated with diarrheal illness [4, 6]. In
LMICs, indirect costs of medical treatment are estimated to be
2-3.6 times greater than direct costs [25].

We will use a human capital approach to estimating indirect
costs, meaning we will estimate productivity losses using a care-
giver's market value (eg, current estimated earnings) and their
time lost from work during their child's episode of diarrhea
[26]. Lost earnings will be measured as the sum of the total num-
ber of days of work lost due to their child's episode of diarrhea
and associated care seeking, multiplied by the average local daily
wage rate [26]. We will use EFGH surveys with caregivers during
facility and follow-up visits to collect data about the total num-
ber of days of work lost. The average local daily/hourly wage rate
will be estimated based on national labor force surveys uploaded
to the International Labor Organization, which include all sec-
tors of the economy and all categories of workers [27].

Costs Excluded From This Analysis

We will classify all resources related to treatment of MAD diar-
rhea in the EFGH study as either routine costs or research costs.
Routine costs will include expenditures associated with clinical
examinations performed during enrollment, anthropometric
measurements taken at the time of enrollment, specimen col-
lection, treatment and follow-up care. Research costs will be ex-
cluded from the analysis, as they do not reflect costs from the
health system or household perspectives, including resources
related to obtaining consent, conducting caregiver interviews,
abstracting records, or nonindicated diagnostic tests. For ex-
ample, we will exclude any laboratory tests conducted as part
of the study that would not typically be carried out for a given
patient. We will also exclude costs exclusively related to
non-Shigella comorbid conditions, such as malaria treatment.

Shigella Attribution

All MAD costs will be stratified by confirmed Shigella status.
Shigella-attributed MAD costs will include children with
culture-confirmed Shigella and children with molecularly con-
firmed Shigella MAD. Additional details on EFGH methods for
Shigella-attribution are described elsewhere [28, 29].

Analysis

We will generate descriptive summary statistics (means, pro-
portions and corresponding 95% confidence intervals) for soci-
odemographic characteristics of children presenting with MAD
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across sites by age and level of care. Details of these character-
istics are described elsewhere [16].

We will calculate the average cost per Shigella diarrhea epi-
sode treated, referred to henceforth as the “unit cost.” Unit
costs will be averaged across all enrolled patient visits (estimat-
ed enrollment between June 2022 and June 2024). Before aver-
aging unit costs, we will conduct descriptive statistics to
explore the distribution of costing inputs (eg, travel and anti-
biotic costs). We expect that costs will be right (positively)
skewed, meaning that some patients incur substantially higher
costs than the median, but not substantially lower costs [30].
We will use box plots to identify outlier costs incurred, de-
fined as within 25%-75% of the cost distribution [31]. In sen-
sitivity analyses, we will replace extreme values at the second
and 98th percentiles by applying the cost of the second per-
centile to observed costs less than that value and applying
costs of the 98th percentile to costs above that value, a process
known as winsorization [31]. In a second sensitivity analysis,
we will repeat these steps at the fifth and 95th percentiles to
limit the effects of outlying values on estimates of central
tendencies.

We will estimate the mean, standard deviation, median, min-
imum, and maximum unit cost values separately by site, from
the health system perspective, the household perspective, and
the societal perspective, which includes both health system
and household-relevant costs 8, 32, 33]. We will also present
costs separately by visit type, client characteristics, and disease
outcome (recovery, rehospitalization, or death), as detailed in
Table 2. For comparability across sites, we will present unit
costs in 2024 USD. Costs incurred in the years before 2024
will first be inflated to 2024 values using gross domestic product
price deflators from the World Bank [24, 34]. Midyear local
currency values will then be used to convert local currency to
equivalent 2024 USD values.

We will explore variability in unit costs and drivers of costs
through various methods. Given the anticipated skewed nature
of the outcome of interest (unit costs), we will use multivariate
generalized linear models to evaluate the effects of key variables
on unit cost. Potential independent variables to be included in
the model are country, level of facility, type of visit (inpatient vs
outpatient), and illness severity.

In addition to unit costs of treatment, we will estimate the to-
tal economic burden of Shigella MAD in each EFGH site catch-
ment area. We will calculate the economic burden as the
product of the incidence of Shigella in the catchment area
and mean societal unit costs, in each setting. Methods for esti-
mating Shigella incidence are described elsewhere [16]. We will
use these data and population enumeration data to generate an
inflation factor necessary for estimating the total estimated
costs of diarrheal care seeking and treatment in EFGH catch-
ment areas. Additional analysis methods are detailed in the
study's statistical analysis plan [35].

Table 2. Independent Variables to be Evaluated as Cost Drivers

Variable Categories

Site Bangladesh
The Gambia
Kenya
Malawi
Mali
Pakistan
Peru

Perspective Household (out-of-pocket and indirect costs)

Health system (health system—funded costs of
treatment)

Societal (includes both household and health system

costs)
Visit type Inpatient
Outpatient
Level of care Primary
Secondary
Tertiary
Disease outcome Recovery

Rehospitalization

Death
Patient Age
characteristics Sex

Diarrhea severity (mild, moderate, or severe illness)

Sensitivity Analysis

We will conduct 1-way and 2-way sensitivity analyses to ex-
plore how altering key inputs affects overall costs. Inputs dis-
playing high variability across visits (eg, caregiver-reported
travel costs) and variables with high uncertainty (eg, caregiver
wages) will be selected for sensitivity analyses. Specifically, we
will explore how varying key costing inputs by 10% influence
overall unit costs, and present unit cost variations in a tornado
diagram. We will also explore costing inputs of policy rele-
vance. For example, direct medical costs incurred when
strictly following different clinical treatment guidelines may
be modeled and compared with observed costs of providing

care.

DISCUSSION

Costs associated with MAD are considerable to health facil-
ities, particularly where diagnostics are expensive and treat-
ments require either hospitalization or referral to another
facility [36, 37]. Diarrhea can also result in catastrophic
or poverty-inducing expenditures for households, particu-
larly in settings where families are responsible for bearing
some or all treatment costs [6, 7]. Yet, detailed costing es-
timates of Shigella diarrhea are sparse and inconsistently re-
ported in the literature, and no indirect costs have been
estimated. This costing protocol aims to comprehensively
estimate and describe the costs associated with Shigella
management from the perspective of health facilities and
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families, identifying significant drivers of costs across set-
tings and disease profiles.

A strength of this study is the opportunity to use consistent
methods to collect and compare standardized costs across het-
erogenous settings, including diverse geographies, rural/urban
facilities, and public/nonprofit settings. In addition, the study
provides the opportunity to compare and triangulate across
multiple data sources to derive and validate costs. In this study,
comparing costs between data sources, such as a household sur-
vey and facility records, provides an opportunity to identify
costs with highest uncertainty to inform sensitivity analysis
and potentially address challenges in quality of self-reported
data, such as recall bias.

The proposed study does have several limitations. First, we
may observe higher resource use than would be observed out-
side of research settings, but we will also generate a more com-
plete picture of the potential total costs of Shigella-associated
management. Furthermore, costs generated in EFGH sites
may not be nationally representative of diarrhea treatment
costs, as these sites are disproportionately based in low-income
areas and are limited to public sector and nonprofit facilities.
While using national price lists to estimate drug costs reflects
costs of drugs in EFGH study facilities, the market value of
drugs—and therefore the cost of drugs purchased in private fa-
cilities or pharmacies—may be higher than national price
estimates.

In addition, we rely on WHO-CHOICE to estimate direct
health service delivery costs. While cost estimates would be
most valid if new primary data were collected to estimate
facility-specific bed day costs, it is logistically challenging to
conduct detailed reviews of health facility budgets, client visit
statistics, and time and motion studies in each setting.
WHO-CHOICE, therefore, emerges as an alternative source
of health service delivery costs and allows for impartial compar-
ison across EFGH sites. Finally, this study is limited to estimat-
ing short-term costs related to Shigella MAD, and it will not
estimate long-term costs related to diarrhea, such as potential
long-term opportunity costs associated with growth faltering
and other sequelae (eg, cognitive impairment and reduced in-
come generation) [3, 38, 39].

While there are a number of evidence-based interventions
available to treat Shigella diarrhea in low-income settings, im-
plementation is inconsistent, in part owing to costs associated
with care seeking and treatment resource availability [40, 41].
With antimicrobial resistance growing at an alarming pace,
the development of a vaccine could be the most cost-effective
strategy to reduce the impact of disease and associated long-
term consequences [42, 43]. This study provides an important
opportunity to understand resource use and identify the poten-
tial value proposition of a Shigella vaccine. Likewise, this study
may provide evidence needed to conduct cost-effectiveness
analyses that can guide the development of nonvaccine

interventions (eg, WASH) to improve MAD or Shigella man-
agement while a vaccine is under development.
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