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Background. There are limited data on typhoid fever cost of illness (COI) and economic impact from Africa. Health economic
data are essential for measuring the cost-effectiveness of vaccination or other disease control interventions. Here, we describe the
protocol and methods for conducting the health economic studies under the Severe Typhoid Fever in Africa (SETA) program.

Methods. 'The SETA health economic studies will rely on the platform for SETA typhoid surveillance in 4 African countries—
Burkina Faso, Ethiopia, Ghana, and Madagascar. A COI and long-term socioeconomic study (LT-SES) will be its components. The
COI will be assessed among blood culture—positive typhoid fever cases, blood culture-negative clinically suspected cases (clinical
cases), and typhoid fever cases with pathognomonic gastrointestinal perforations (special cases). Repeated surveys using pretested
questionnaires will be used to measure out-of-pocket expenses, quality of life, and the long-term socioeconomic impact. The cost of

resources consumed for diagnosis and treatment will be collected at health facilities.

Results.

Results from these studies will be published in peer-reviewed journals and presented at scientific conferences to make

the data available to the wider health economics and public health research communities.

Conclusions.

The health economic data will be analyzed to estimate the average cost per case, the quality of life at different

stages of illness, financial stress due to illness, and the burden on the family due to caregiving during illness. The data generated are
expected to be used in economic analysis and policy making on typhoid control interventions in sub-Saharan Africa.
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The economic burden of disease is a summary estimate of the
extent to which a society is economically stretched in managing
a particular illness [1]. Out-of-pocket (OOP) payment is the
term for the amount paid for the treatment of illness by pa-
tients and their household that impacts their finances directly.
Both affected persons and caretakers lose income or their po-
tential opportunity to earn income as the inability to perform
their regular work impacts finances indirectly. A healthcare fa-
cility spends resources to deliver treatment for an illness, and
the costs borne by the public health facility represent treatment
costs borne by the government. A cost-of-illness (COI) study
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is used to determine how much each of the parties in society,
including the patient and/or their household, the government,
and third-party payers such as insurers, nongovernmental or-
ganizations, or philanthropies, spend as a result of the illness.
A COlI study specific for typhoid fever can be used to estimate
health facility costs and OOP payments for treatment and asso-
ciated productivity losses and thereby enables the estimation
of costs that can be saved by typhoid fever control measures.
Much effort has been made to quantify typhoid fever incidence
[2-7], but the same is not true for collecting economic burden
data. To date, only 3 studies have estimated the COI for typhoid
fever, 2 from Asia [8, 9] and 1 from Africa [10]. The study from
Africa focused on a single location (Zanzibar island) and had
a sample size of 17 laboratory-confirmed typhoid fever cases.
One study with a small sample size cannot be extrapolated
to the entire African region. There is a need to conduct field
studies in Africa to assess typhoid fever COI, which can be used
in estimating and comparing cost-effectiveness of various ty-
phoid control measures. Such economic evidence is essential
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for making policy and programmatic decisions, priority setting,
and resource allocation. The recent World Health Organization
[11] prequalification of a typhoid conjugate vaccine (TCV) and
financial commitments by Gavi, the Vaccine Alliance for TCV
introduction in eligible countries make cost-effectiveness anal-
ysis in African settings an important need.

Furthermore, the long-term costs of complicated typhoid fever,
such as intestinal perforation and its resultant socioeconomic im-
plications, are not understood. Patients with complicated cases are
known to stay in hospital for longer periods of time and are rec-
ognized to have a higher mortality. A systematic review of studies
published from 1991 to 2011 revealed a mortality ratio of 15.5%
in hospitalized cases with intestinal perforation [12]. Descriptive
data from hospital-based studies in Africa demonstrate great vari-
ability in clinical outcomes and organ systems where typhoid fever
complications manifest [13-16]. Conditions such as intestinal
hemorrhage and perforation may require surgical intervention
and contribute significantly to the costs incurred [11].

The Typhoid Fever Surveillance in Africa Program (TSAP)
generated standardized data on typhoid fever incidence, using
a standardized blood culture-based approach, in 10 sub-Sa-
haran Africa countries to be used for evidence-based decision
making related to enteric fever control measures and preven-
tion, including vaccination strategies [5, 11, 17]. It therefore
became important to follow up typhoid fever cases to measure
frequency of various complications, long-term sequelae, and
socioeconomic consequences that can occur during the course
of illness to understand real disease burden. Consequently,
TSAP was succeeded by the Severe Typhoid Fever in Africa
(SETA) program. SETA implemented a surveillance program
that will allow the collection of the information related to ty-
phoid fever incidence as well as complications in several sites
across sub-Saharan Africa by following up cases up to 360 days
[18]. The program will establish surveillance for febrile illness
at tertiary, secondary, and primary healthcare facilities where
clinical and microbiological data will be collected from partici-
pants with suspected typhoid fever and febrile participants with
invasive nontyphoidal Salmonella (iNTS). The SETA research
program, described elsewhere [18], will provide an opportunity
to conduct COI and long-term socioeconomic studies (LT-SES)
in Africa by sharing a common platform and resources used
for typhoid fever surveillance. Typhoid fever cases identified
through surveillance will serve as cohort participants for these
2 studies.

METHODS

There will be 2 health economics study components under the
SETA program: COI and LT-SES. Costing will be conducted
from the societal perspective using the micro-costing approach.
Through this approach, also known as bottom-up or ingredient
costing, all input resources in the treatment of illness by health

facilities and the OOP payments by patients and their house-
hold will be identified, measured, and valued.

Cost-of-lliness Study

The COI study will have 2 subcomponents: patient costs and
health facility costs. The patient cost component will aim at
estimating OOP payments and productivity losses borne by pa-
tient and households due to typhoid fever illness using the COI
survey tools (Supplementary Annexes 1 and 2). The health fa-
cility costing will aim to estimate the health facility expenditure
on delivering health service based on a review of health facility
records (Figure 1). In some countries, health facility costs may
be shared by third parties such as insurers.

The patient costs will be estimated based on interviews of
typhoid cases, hereafter referred to as participants, and their
caregivers at various time points as described in the schedule
below (Table 1) until the self-report of the end of illness. The
estimates will be based on self-reported expenditures. All di-
rect medical costs arising out of physician consultation, medi-
cines, laboratory diagnostics and radiological services, and
direct nonmedical expenditure/costs caused by travel and food
purchase that have resulted from participants’ illness and con-
sequential treatment will be valued. The interview will capture
indirect costs arising from productivity or income loss to parti-
cipants and their caregivers during illness. The duration of time
absent from work or other activities, time lost by caretakers in
caring for the sick, and the amount of time needed to substitute
labor will be estimated with the equivalent monetary value for
lost time, conservatively based on the minimum wage per time
unit. To assess the background healthcare costs, a separate COI
tool called the cost of other illness (COOI) (Supplementary
Annexes 3 and 4) will be used. The COOI is similar to the COI
tool and collects cost for illnesses other than typhoid fever. To
understand baseline healthcare expenditures, we will also inter-
view neighborhood controls selected as part of the SETA study
[18]. The tools developed/used for collecting patient and house-
hold costs were derived from illness costing tools designed and
used previously by the International Vaccine Institute [19] in
many study sites in Asia and Africa [9, 10].

Health facility costs arising out of health services delivery will
be estimated based on interviews conducted among health serv-
ices staff and review of financial records at study health facil-
ities. The cost estimation will include unit costs for items such
as medicines, laboratory clinical procedures, and time costs of
health professionals. We will also collect utility costs of each
study healthcare facility for electricity and water if available.
Capital costs for building/infrastructure, equipment, and main-
tenance will also be collected where possible. The costs will be
estimated using mainly the bottom-up approach based on in-
ventory and financial reports at health facilities and elsewhere.
In addition, the time-motion study—a process of detailed ob-
servation of each health professional involved in the treatment
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Figure 1.

Cost-of-illness study design in the Severe Typhoid Fever in Africa program. Cost of death is to be collected in the event of participant's passing. *Private cost of

other illnesses apart from typhoid fever (TF) will be collected. "Private cost of other illnesses will be collected in addition to that of TF. *To be collected only if applicable.

procedure, using a stopwatch to evaluate the time needed to
complete a specific task—will be conducted [20]. The tools for
collecting health facility costs will be developed based on pub-
lished works by Stephen Morris [21] and by Michael Drummond
and colleagues [22] on valuing unit health services costs.

Long-term Socioeconomic Study

The LT-SES will assess the short-term and long-term health and
economic consequences of typhoid fever for participants and their
households. The LT-SES will have 3 subcomponents: quality of
life (QoL), financial burden, and family burden. A separate tool
will be utilized for each subcomponent (Supplementary Annexes
5-8). The QoL instrument will assess the well-being of partici-
pants at the time of study enrollment and each of the subsequent
interviews so that change can be tracked over time. The finan-
cial burden instrument will evaluate the level of financial stress
exerted on the participants and their families. The family burden

instrument will be used to measure the disruption of social, phys-
ical, psychological, and general well-being of caretakers of parti-
cipants. The LT-SES study will involve interview of participants
and/or their caretakers periodically on multiple occasions over a
360-day period from the time of their typhoid fever diagnosis and
enrollment, as described under the follow-up schedule in Table 1.
To understand the baseline socioeconomic burden, neighborhood
controls and febrile participants identified through the SETA
study [18] will be interviewed using the QoL and LT-SES tools at
the same time points as the typhoid fever participants.

The QoL tool was adapted from the RAND 36-Item Short-
Form Survey [23], which was tested, validated, and used in many
countries, including some African countries. The QoL tool will
measure 8 concepts of well-being: (1) physical functioning, (2)
bodily pain, (3) role limitation due to physical health prob-
lems, (4) role limitation due to personal or emotional problems,
(5) emotional well-being, (6) social functioning, (7) energy

Table 1. Schedule of Follow-up

Day Laboratory/Special Cases Clinical Cases Control

Day 0 Consent + QoL Consent + QoL Consent + QoL

Day 3-7 Interview 1 (COIl + COOI + LT-SES)? Interview 1 (COI) Interview 1 (COOI + LT-SES)
Day 12-14 Interview 2 (COl + COOI + LT-SES) Interview 2 (COI) Interview 2 (COOI + LT-SES)
Day 28-30 Interview 3 (COl + COOI + LT-SES) Interview 3 (COI) Interview 3 (COOI + LT-SES)
Day 90 + 7 Interview 4 (COI + COOI + LT-SES)° Interview 4 (COI)° Interview 4 (COOI + LT-SES)°
Day 180 = 7 Interview 5 (LT-SES) Interview 5 (LT-SES)

Day 270 + 7 Interview 6 (LT-SES) Interview 6 (LT-SES)

Day 360 + 7 Interview 7 (LT-SES) Interview 7 (LT-SES)

If any study participant dies upon enrollment or during follow-up, the death-related costs due to illness tool will be utilized to capture all funeral-related costs.

Abbreviations: COI, cost of illness; COOI, cost of other illness; LT-SES, long-tern socioeconomic study; QoL, quality of life.

“Special case may have interview 1 on enrollment day.
COl and COOI survey may continue if iliness persists.
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or fatigue, and (8) general health perceptions. The financial
burden tool adapted for the study has been used in countries
in Asia [9], Africa [10], and Latin America [19]. The financial
burden section of the tool will measure the level of borrowing,
sale of property/belongings due to treatment, and withdrawal
from treatment due to shortage of funds. The family burden tool
was developed from the family burden interview schedule [24,
25] used in many countries across the globe and was adapted
for this study. The family burden interview schedule section will
measure the subjective feeling of the caregiver on any (1) finan-
cial repercussions, (2) disruption of planned family routine ac-
tivity, (3) impact on mental health of others, and (4) subjective
burden on the family of the participant.

We will also collect costs related to participants’ typhoid
fever-related death from the time of death until the funeral by
interviewing close relatives who were involved in taking care of
a participant during the illness.

Study Arms

The SETA COI study will have 4 main arms: laboratory-
confirmed cases, special cases (complicated typhoid fever
cases with pathognomonic gastrointestinal perforations),
clinical cases, and neighborhood control arms (Table 2).
Participants whose blood culture tests positive for Salmonella

enterica serovar Typhi will make up the laboratory-confirmed
arm. Those who have clinically suspected typhoid fever with
pathognomonic gastrointestinal perforations as defined in
the SETA protocol [18] will form the special case arm. These
2 arms will be administered with the COI and the COOI
tools. Those clinically suspected with typhoid fever, but with
a blood culture negative for S. Typhi, will form the clinical
case arm; for this group, only COI tools will be adminis-
tered. Neighborhood controls will be the individuals who
are healthy at the focal point (the time when the respective
laboratory-confirmed typhoid fever case is enrolled) and who
live in the same neighborhood. For this arm, only the COOI
tools will be administered to capture any expenditure incurred
for the treatment of other illnesses. The relapse and reinfec-
tion as defined in the SETA protocol will be followed in COI
and LT-SES studies too [18].

Each clinical case will be matched 1:1 to a laboratory-
confirmed case based on the potential cost drivers—duration
of fever, the place of residence (neighborhood), age (+5 years),
and sex—so that the costs between clinical and laboratory cases
can be compared. The neighborhood controls will be matched
4:1 to each laboratory-confirmed case and special case by age
(5 years), sex, and residency (neighborhood) and will be

Table 2. Inclusion Criteria

Laboratory-confirmed typhoid fever cases

Participants who fulfill the following criteria will be included for typhoid fever case follow-up:

1. Enrolled in SETA surveillance as febrile case [18], AND
2. Confirmed blood culture positive for SalmonellaTyphi, AND
3. Confirmation of SETA surveillance consent

Special cases

Participants who fulfill the following criteria will be included for special case follow-up:
1. Enrolled in SETA surveillance as special case (defined as pathognomonic gastrointestinal perforations, ie, clinically diagnosed typhoid fever gastro-
intestinal perforation), even in the absence of laboratory confirmation, in patients living in and outside the defined catchment area, AND
2.The blood culture is either negative or positive for typhoid fever, but the consulted surgeon(s) clinically diagnosed typhoid fever intestinal perfora-

tion and there is no other confirmed cause of perforation, AND

3. Patient undergoes surgical procedure and intestinal perforation is confirmed, AND

4. Confirmation of SETA surveillance consent
Clinical cases

Participants who fulfill the following criteria will be followed up as clinical cases:

1. Enrolled in SETA surveillance study as febrile case, AND

2. Clinician checked “typhoid/enteric fever” under subsection F of section V for preliminary diagnosis in SETA surveillance case report form Part 1,

Question 23F (Supplementary Annex 10).
3. Confirmed blood culture negative for S. Typhi, AND

4. Duration of illness, place of residence, age and sex matched, and enrolled subsequent to index laboratory-confirmed case (duration from onset
of fever +1 day [preferred], +2 days [second choice], +3 days [third choicel], +4 days [fourth choice], 5 days [fifth choice]; as well as age +1 [pre-
ferred], £2 [second choice], +3 [third choicel], £4 [fourth choice], +5 [fifth choice] years if case is <15 years old and +5 years if case is >15 years old)

5. Confirmation of SETA surveillance consent
Neighborhood controls

Participants who fulfill the following criteria will be included for neighborhood control follow-up:
1. Enrolled in SETA surveillance study as control participant for the index case, AND
2. NO subjective or objective fever reported at any point within 28 days prior to the date of enrollment, AND
3. NO subjective or objective fever on the date of case enrollment (“focal time"), AND
4. Place of residence, age and sex matched, and enrolled subsequent to index laboratory-confirmed case (duration from onset of fever +1 day [pre-
ferred], +2 days [second choice], £3 days [third choice], 4 days [fourth choice], £5 days [fifth choice]; as well as age +1 [preferred], +2 [second
choice], £3 [third choice], +4 [fourth choice], £5 [fifth choice] years if case is <15 years old and +5 years if case is 215 years old), AND

5. Residency in the catchment area of the SETA healthcare facility, AND
6. Confirmation of SETA surveillance consent

Abbreviation: SETA, Severe Typhoid Fever in Africa.
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enrolled within 7 days of the confirmation of a case (at most
10 days from the date of case enrollment into SETA).

Those who are blood culture confirmed for iNTS or
Salmonella enterica serovar Paratyphi (A/B/C) will form a
single-arm COI study and will be interviewed using the COI
tools only but following the same interview procedure as the
laboratory-confirmed typhoid fever cases.

The LT-SES will have 3 arms: laboratory-confirmed cases,
special cases, and neighborhood controls. The socioeconomic
impact of illness will be assessed over a period of 360 days. The
QoL, LT-SES, and COOI tools will be administered to all 3 arms.

Study Follow-up Schedule

At the time of first presentation to a SETA healthcare facility,
blood will be taken from the enrolled febrile participant.
This time point will be considered as day zero. The QoL tool
will be administered on day zero for all participants. For all
laboratory-confirmed cases, special cases, and clinical cases,
the COI interview will be conducted upon the earliest avail-
ability of their microbiologic culture test results or inclusion

confirmation in the case of special cases (Figure 2). This will
be considered the first interview, which is expected to occur
3-7 days after day zero. A second interview will be conducted
within 12-14 days from day zero. If the participant continues
to feel sick, a third interview will be conducted 28-30 days
from day zero. We expect most participants to have 2-3 inter-
views; however, if participants continue to report illness, more
interviews will be conducted until they affirm to be well or
until 360 days (Table 1). The neighborhood controls will be
interviewed in the same manner as above using the respective
tools as described before.

For the 3 arms under the LT-SES (laboratory-confirmed case,
special case, and neighborhood controls), the QoL survey will
be administered on day zero and the LT-SES questionnaire will
be administered 7 times up to day 360 as per the follow-up
schedule in Table 1.

Data Collection Procedure
The data on OOP and productivity loss related to illness
will be collected by trained field surveyors by prescheduled

SETA General SETA Special Neighbarood |  Day(s) from
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Figure 2. Data collection procedure for patient and household costs. “Continues into long-term socioeconomic study. Abbreviation: SETA, Severe Typhoid Fever in Africa program.
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face-to-face interview either at the health facility or at the par-
ticipants’ places of residence using the patient and household
costing tools (COI and COOI). The data will be collected to-
gether with additional surveillance data during scheduled
visits. If the field surveyors fail to locate a participant on 3
consecutive visits, the participant will be considered as lost to
follow-up from the study. Health service delivery costs will be
collected by reviewing hospital records and interviewing some
health authorities using a pretested health facility costing tool.
Data on QoL, financial burden, and family burden will also
be collected by the field surveyors through face-to-face inter-
view matching COI or surveillance visits. In case of a study
participant’s demise resulting from typhoid fever, a cost-of-
death tool (Supplementary Annex 9) will be administered by
the field surveyors to collect all funeral-related costs due to the
illness under study.

Data Protection

Identifying information for all study participants will be kept
separately from all study materials, and participants will be in-
dicated by a unique study label. Files linking the participants’
identifying information will be accessible only by the principal
investigator or study coordinator and made available to author-
ized field surveyors when necessary. Identifying information
for selected participants will be retrieved from the SETA sur-
veillance database to conduct follow-up visits.

Data Analysis and Results Presentation

Data collected from the field sites will be entered into the
EpiCollect5 (Android 1.0 or 1.5), digital database designed for
this study, using hand-held tablets [26, 27]. Participants’ pro-
file information will not be collected by the health economic
forms but will be paired from the SETA surveillance database
by means of study linkage numbers. Stata software version 14.2
(StataCorp, College Station, Texas) [28] will be used for data
exploration, cleaning, and preparation for analyses. All cost
data will be adjusted by (1) converting local currency units to
US dollar rates for base year (various years of data collection);
(2) applying inflation rates from base year to the year of anal-
ysis; and (3) converting all estimated costs to the international
dollar (purchasing power parity) rate for comparability across
all study countries.

The COI for laboratory-confirmed cases and special cases
will be estimated based on data collected; the average cost per
typhoid fever case will be calculated and categorized by age
group (children, adults), type of hospital service used (out-
patients, inpatients), who spends it (health facility, patient, and
households), and country. Productivity losses will be analyzed
taking into consideration the duration of time participants
and their caretakers lost in monetary terms to arrive at the
average costs of productivity loss due to illness. We will avoid
double-counting the number and duration a substitute laborer’s

services were enlisted. Healthcare facility costs will be analyzed
by accounting for health service delivery personnel cost, mater-
ials and supplies cost, medical and nonmedical equipment cost,
medication cost, cost of facility building or rent, and estimation
of the monetary value of the proportion of each needed in treat-
ment of each episode of typhoid fever. The cost of death will also
be analyzed by summing the amount of money spent from the
time of death of the participant to the funeral.

The cost of other illnesses, data collected for laboratory-
confirmed typhoid fever cases and neighborhood controls, will
be analyzed and compared to assess cost biases related to typhoid
fever healthcare seeking. Similarly, cost of other illness will be
compared between special cases and neighborhood controls.

Under the LT-SES, data on QoL and level of financial and
caretaker burden for typhoid fever/special cases and that of
their matched neighborhood controls will be assessed over time.
Multivariate analysis of the socioeconomic indicators of typhoid
fever illness will be conducted to assess its socioeconomic impact
over periods beyond illness or by prolonged illness. Changes in
caretaker burden, social relations, and financial commitments to-
ward treatment of typhoid fever and its complications as well as
quality-adjusted life-years will be estimated from the responses of
the QoL and LT-SES surveys. Methods recommended by RAND
Health Care [29] will be used for analyzing the QoL data.

Publication of Results

Results from these studies will be published in peer-reviewed
journals and presented at scientific conferences and seminars to
make the data on typhoid fever COI and LT-SES available to the
wider health economics, infectious diseases, and public health
research communities. The data from the COI studies are most
useful in conducting cost-effectiveness analysis of interven-
tions for typhoid fever control such as TCV deployment. These
economic analyses incorporating disease burden, economic
burden, program costs, and potential effectiveness of interven-
tions such TCV are crucial evidence needed for policy and vac-
cine introduction decisions. This will be particularly important
in the near future as World Health Organization-prequalified
TCV is available for use in low- and middle-income countries
and Gavi has made commitment for its use.

Study Sites and Ethical Considerations

The COI and the LT-SES will be implemented at several sites
in 4 SETA program countries: Burkina Faso, Ethiopia, Ghana,
and Madagascar. All ethical approvals for this study were soli-
cited from the Institutional Review Board of the International
Vaccine Institute and the Ethical Commissions of the respec-
tive study countries along with overall approvals for SETA [18].
Informed consent for participation in the COI and surveillance
studies is obtained concurrently from participants during the
SETA enrollment. For young adults aged 12-17 years, written

assent is required in addition to informed consent from a
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parent/guardian. For minors aged <12 years, consent will be
obtained from their parents or caretakers.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors,
so questions or comments should be addressed to the corresponding author.
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