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ABSTRACT

The WHO developed a generic ‘TB patient cost survey’ tool and a standardized approach to
assess the direct and indirect costs of TB incurred by patients and their households, estimate
the proportion of patients experiencing catastrophic costs, and measure the impact of
interventions to reduce patient costs. While the generic tool is a facility-based cross-sectional
survey, this standardized approach needs to be adapted for longitudinal studies. A long-
itudinal approach may overcome some of the limitations of a cross-sectional design and
estimate the economic burden of TB more precisely. We describe the process of creating a
longitudinal instrument and its application to the TB Sequel study, an ongoing multi-country,
multi-center observational cohort study. We adapted the cross-sectional WHO generic TB
patient cost survey instrument for the longitudinal study design of TB Sequel and the local
context in each study country (South Africa, Mozambique, Tanzania, and The Gambia). The
generic instrument was adapted for use at enrollment (start of TB treatment; Day 0) and at 2,
6, 12 and 24 months after enrollment, time points intended to capture costs incurred for
diagnosis, during treatment, at the end of treatment, and during long-term follow-up once
treatment has been completed. These time points make the adapted version suitable for use
in patients with either drug-sensitive or drug-resistant TB. Using the adapted tool provides
the opportunity to repeat measures and make comparisons over time, describe changes that
extend beyond treatment completion, and link cost survey data to treatment outcomes and
post-TB sequelae.

Trial registration: ClinicalTrials.gov: NCT032516 August 1196, 2017.

Abbreviations: DOTS: Directly observed treatment, short-course; DR-TB: Drug-resistant tuber-
culosis; MDR-TB: Multi-drug resistant tuberculosis; NTP: National Tuberculosis Programme; TB:
Tuberculosis; USD: United States Dollar; WHO: World Health Organization.
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Background treatment seeking) that account for 20% or more of
the patient’s annual household income [4,5].

To reduce the risk of TB-related impoverishment,
it is therefore important to document the types, mag-
nitude, and drivers of TB-related costs for patients
and their households so that appropriate policies and
interventions, such as health financing, patient-cen-
tered delivery models, and social protection mechan-

isms (e.g. job protection, paid sick leave, social

The economic burden on households and individuals
of illness due to TB can be devastating. Costs borne by
patients can have catastrophic consequences, poten-
tially entrenching individuals and households in a
vicious poverty-disease cycle [1,2]. One of the three
targets of the WHO End TB Strategy is that no TB
patients or their households should face catastrophic

total costs due to TB disease [3]. Catastrophic total
costs is defined as costs (including direct medical
expenditures, non-medical expenditures and overall
indirect costs — which includes loss of paid work
and/or time off work necessitated by symptoms and

assistance, cash transfers, etc.) can be developed
[2,6]. In 2015, WHO established a standardized pro-
tocol for conducting nationally representative TB
patient cost surveys that assess the direct and indirect
costs incurred by TB patients and their households to
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determine the proportion of TB patients who experi-
ence catastrophic total costs due to TB disease. In
2017, based on field-testing of the generic TB patient
cost tool in nine countries and after consultation with
a WHO-led TB Patient Cost Task force, the protocol
was revised and expanded into a handbook [2]. By
March 2020, 17 countries have completed the survey
and an additional 30 were planning one in 2020 [7].
Countries that have completed analyses estimate that
27% to 83% of patients with any form of TB experi-
ence catastrophic costs. This number is much higher,
at 67% to 100%, among those with drug-resistant
TB [4].

The WHO instrument was designed for a cross-
sectional, national, facility-based survey of patients
registered for TB treatment in a country’s National
Tuberculosis Programme (NTP) who are attending a
sampled facility for a visit during the survey period.
Patients are interviewed only once, during either the
intensive or the continuation phase of treatment [2].
Data collected in either the intensive or continuation
phase are extrapolated to estimate the total costs for
the entire TB episode.

While previous surveys have provided valuable
information [2], the cross-sectional design has several
limitations beyond those that are common to any
survey. In particular, costs incurred before treatment
are ascertained through recall interview, and only for
those patients interviewed in the intensive phase of
treatment. Costs incurred after treatment completion
are missed, and costs cannot be related to treatment
outcomes, which are usually not available at the time
of survey implementation. The analysis is complex and
involves extrapolations and imputations to calculate
the total costs incurred for the entire duration of TB.
As a result, several TB patient cost studies have high-
lighted the need for longitudinal studies [6,8]. There
are a few longitudinal studies underway; however,
none of these are collecting patient costs after TB
treatment completion. This is likely to underestimate
the economic burden of TB as costs incurred after the
completion of treatment, due to TB sequelae or loss of
productivity due to disability, would be ignored [9].
Similarly, economic recovery (e.g. ability to pay back
loans or regain productivity) and the ability to build
resilience to future shocks after completing TB treat-
ment are essential consequences that should be mea-
sured to understand TB’s full economic impact.

TB Sequel (NCT03251196) is a multi-country,
multi-center, observational cohort study designed to
understand the pathogenesis and risk factors of long-
term sequelae of pulmonary TB in South Africa,
Mozambique, Tanzania, and The Gambia [10]. The
primary outcome is the proportion of TB patients
with severe lung impairment measured by spirometry
at 24 months after TB treatment initiation. There are
four sub-studies nested within the main cohort study,

and one of these is the ‘Socio-economic costs and
Impact of TB’ sub-study, which aims to determine
the occurrence of reversible and irreversible socio-
economic consequences of TB on patients and their
households before, during, and after TB treatment
[10]. For this sub-study, patient interviews are con-
ducted at study enrollment (Day 0 + 14 days) and 2,
6, 12, and 24 months after enrollment. Further details
about data collection and tools are available elsewhere
[10]. To overcome some of the limitations of the
existing WHO generic TB patient cost survey, we
took advantage of TB Sequel to adapt the existing
cross-sectional instrument for a longitudinal study
design and tailored it for each of TB Sequel’s study
countries. Here we describe the process of creating a
longitudinal instrument and its application in the
study.

Methods
Original instrument

The WHO generic TB patient cost survey instrument
collects information from patients on current TB
treatment and costs incurred during the TB treatment
phase the patient is interviewed in [2]. Costs are then
calculated for the assumed total treatment duration
through extrapolations and imputations (Table 1).
Patients in the intensive phase of treatment are
asked also about costs incurred before treatment.
The survey instrument collects data on the patient’s
demographic (e.g. age, gender, employment status,
household composition, etc.) and economic position
(e.g. individual and household income, household
assets, household food security, etc.), direct out-of-
pocket medical (e.g. consultation fee, laboratory tests,
medication, etc.) and non-medical (e.g. food, accom-
modation, transport) payments, indirect costs (i.e.
income loss or time cost as a result of TB), and
guardian costs. Patients’ estimates of expenses for
nutritional/food supplements, health insurance reim-
bursements, social assistance/protection (i.e. welfare,
disability grants, cash transfers, etc.) and social con-
sequences of TB are also collected. The patient is also
asked about the financial consequences of TB and
how they cope with these (i.e. dissaving, borrowing
funds, selling assets to cover the costs of health-care
expenditure). This instrument is designed to be admi-
nistered only once per patient over the course of
treatment. Before the interview, patient information
is obtained from the TB treatment card and partici-
pants provide informed consent.

Longitudinal adaptation

We first adapted the generic instrument for the long-
itudinal study design of TB Sequel. We reviewed



GLOBAL HEALTH ACTION (&) 3

‘dn moj|oy
0} 150| SdW033q juanled e uaym o} Joud ‘a1ed Jo apedsed 3y} Jo syadse Jaljies Japisuod Ajuo ued ubisap [eulpnibuo| v "94eD Ul paulelal pue pajjoiud syudned g sapnppul Ajuo ABojopoyaw JuaNnd 3yl
‘uoneru
JudWIILI} g] J9YE SYIUOW 7 JO WNWIUIW B IO} PIMO]|0) dJe SUdIIed "papn|pul aie uonajdwod juswieal) Jaye siso) "PapNPUL J0U 3l UoII|dWOd JUSWIedI] J9Ye SIS0D
*buninonils awn jo spoylaw [edo] buisn Aq [jedas 01 Juaried 3yl 4oy JSISes 3 Sxew
0} paulel} OS|e dJe SIIMIIAIIU| "MIIAIIUI ISB| JIDY) JO D3ep Y} AdUIS [[BI3I 0} pyjse ale syuaned ‘sysia Juanbasgns ‘pouiad juswiealy-aid 3y} Joj SARWIISD 35O SR

Buung "(0W) USIA 3541 3y 1e sisoubelp 0} Joud pasndul 1503 3Y) UO suollsanb aAI9da sjualled ‘seiq [[ed3J Sziwlulw 0]  Ajulew SIy| ‘pPaiindul $1s0d jualied [e10) JO UOIIRWISS Y} J0) Sbu3|jeyd Jofew e — seiq |[edaYy
‘uofualas jowolid 0 (SI9YdnoA |aAes) ‘syuswalddns ‘sjdsed pooy *63) 1oddns apinoid Kew 1o USIA yoea je
swil pue [aAe) Joj syuaned asinquial salis Apnis se pajewisaispun 3q Aew s1s0d Huidod Jo ssoj awodul ‘s1s0D 13311Q
'SYSIA Paje|a4 APNIS SNSISA JUSWIIEI} BUIINOI UIIMIB] Ysinbunsip 03 A1y syuedpdiiied se [[e2a4 YUm Sanss! ul Jnsal
Aew siy] "uonedIpaW 139||03 0} 4O 3Ied g Suinol Joj s906 Jusned syl aiaym 3q AjLessadau Jou Kew aus Apnis ay|
*£13unod ayy ur g1 yum 3jdoad ||e Inoge umelp g JouuRd SUOISN|PUOD) *A13unod ayy ul g1 yum ajdoad |e Inoge umelp 3q Jouurd SUOISN|PUOD) "dIN dY}
"saM1s ApN1s ay) Ul dIN SY3 Ul 24D 919231 oym g1 yum 3jdoad jo 19sqns e o} pazijesausb aq Ajuo ued sbuipuly A3AINg Ul a1ed SAI9d3I oym g] yum jdoad jo 13sgns e 0} pazijessusb aq Ajuo ued sbuipuly ASAIng suoneywI]
"(SATYQ) sieak aji| paisnipe-Aujiqesip JO Sa1eWIISd JaNAq 03 INCUIUOD AR “FZIN PUB ZLW ‘O ‘TN 18 paida)jod
sI g1 01 paiejas Aujigesip pue A1aixue Jo uoissaidap ‘uted ‘ay1| Jo Aujenb paiejal-yyesy jo sainsesw pajesdsy

awodino Aq g] Joj pajealy juaned 1ad 150D Yyl dlewilss ue) g1 1o} pajeay juaned 1ad 1501 3y} Slewilsy
d|ge|leAR 34 SDWIO0INO JUSWILI ] d|ge|ieAe jou £|ed1dA) a1 SBWO02INO JUIWIRI | S3W02IN0
‘sisoubelp
“NSIA QIN/USWI0IUD By} e Sisoubelp 0} Joud pasundul s3s0d Y3 uo suolisanb a3l syuaned ||y 0} Joud paiindul S350 3y} uo suonsanb A1 aseyd dAisudlul ayy Ul suaned Ajup
"(uawyeas) gl-1sod pue juswiealy jo aseyd 'S1S0J [101 DY) d1eNdjRd 150
UOI1BNU[IUO0D ‘JUSWIR3I] JO dseyd SAISUIUI “Judwiealy-aid “311) Juawieasy g Jo aseyd yoea Joj d|qe|ieAe $3S0d |eI0| 03 suonendwi pue suofidafoid piemioy ‘UoII|0d eIep IAIPAASOIID) dwos salinbay  |ejoy Bunendjed
paseg-Auunwiwod pue -Ayjde paseq-Aujioe4 SIDMIIAIDIU|
‘[0L] (g1 03 paiejdas ewbns pue Ayjigesip ‘[2] siaxew-Ad1j0d pue yeis 9IAISS [RID0S pue Yjjeay se
‘uted ‘ay1) Jo Ayijenb ‘6°3) seduanbasuod |e1dos Apnis 0} jusuodwod [euoippe sapnjpul Ing jusuodwod dAielenb ON |[PM Se ‘Ssiaquiaw pjoyasnoy pue siusied Yum yloq pawiouad ag ued smalaIRlul dAllelenD
"9seqelep d1U0J1d3[d ue oul A13ud elep Yum Aaains paseg-1aded Ajuo ‘(saanuiw GHF) smalaiiul jdiynpy *A3AINS 21U013D3|9 40 pased-iaded JaYNd ‘(SRINUIW GHF) JUISUOD pue MIIAIDIUI JJO DUQ  SIudwalinbal
"Jjels paduaLadxa Jo UOIIUSIAI pue ANNUIIUOD Joj papaau ale suoiisod 'suonisod wial-uoys Jo Alejodwsa) ale 3sayl — SIOMIIAIDIUI pue Jabeuew elep awn
wid)-buo| Jo JusuewIdd "uensiels e pue ‘Jabeuew 0syuod Aljenb ‘siainided elep sapnppul uoiisodwod weal 3yl e ‘Joleulpiood A3ains e ‘ioyebnsaaul [edpund e jo pasudwod AjjedidAy si weay Aaains ay) pue s321nosay
9|npayds
(FTIN PUB ZLIN ‘O ‘TN ‘OW) SUSIA Apnis pauyap 1e sawiy 3|diynuw pamalAIdlul dle syudlled 9dU0 Ajuo pamainialul s Juaned yoe3 MIIAIRIU|
*3seyd UOIIBNUIIUOD JO AAISUSIUI BY} JBYNS 03Ul SAEP | JO WNWIUIW B e
‘sisoubelp g] Joye Juswieall g| (sAep | -/+) buiels pue Ayjidey pajdwes e buipusane aie oym Juswiealy g| 1oy paldisibal syualred SAIINIRASUOD) JudW|oIU]
uoleniul Juswieal) Jaye sieak g 1ses| 1e Andwouids Aq painseaw
‘quawJiedwy uonduny Aleuow|nd J9A3S SI YIIYM 1S2I93UI JO SWO0INO Y} JO (907<) dudjeasd uo paseq azis sjdwes 's3502 d1ydosiseied Jo dudjeAasd pawnsse uo paseq azis djduwes
‘3|qe|ieAe ale
[0L] AMjoey 3y 1e yuasaid syuedidiyied 3|qibia se — Huldwes 9A1INdASUO)  S1ISIHAI D1U0JIIIID Iaym Buljdwes wopues didwis euolieu e Jo Hujdwes Jasnd wopuey Burjdwes
saUs Apnis ay3 ul (d1N) swweiboid ‘(dLN) dwweiboid JusWieal] |eUOIIEN dY} Ul JudWIledl)
JUSWIEe3J] [EUONIEN Y3 Ul JUdWIeaI) (Juelsisal-bnip 1o 3|qndadsns-bnip) g 1oj paiaisibas (sieak g1<) swuaned ynpy (3ueasisal-bnup 1o 3|qndadsns-bnip) g1 104 palaisibal (Uaipjiyd pue synpe) syuaned ||y uofie|ndod
uonedxo|
‘BlUBZUR] PUB BOLJY UINOS ‘anbiquiezoly ‘elquies ay| ul paledo| soluljd Apnis uediyy dAl4 Aamnns |euopieN d1ydesboan
paseq-Au|oey jeuipnuibuo paseq-Alj1oe} |euo11d3s-S504) ubisag

[9nbas gJ 104 — Asnuns 1501 juaned paydepy Aanns 1503 juaned g1 OHM dHdUID

"edly Ul Sa1pn3s [eulpniibuol Joj uoisian paidepe ayi pue AsAIns 150D Judnied g OHM 9y JO UONRMWI| pue Sisua1eIeY) *| djqe]



4 (&) D.EVANSETAL

treatment guidelines for drug-sensitive and drug-
resistant TB from the different countries [11-14]
and adapted the generic instrument for use at enroll-
ment (Day 0) and at Month 2, Month 6, Month 12
and Month 24, time points intended to capture costs
incurred for different phases of TB. These time points
make the adapted version suitable for use in patients
with either drug-sensitive or drug-resistant TB. It
should be noted that these time points were guided
by standard treatment durations and do make provi-
sion for instances when the treatment duration may
be extended (e.g. absence of smear conversion, severe
or complicated disease or a treatment interruption
lasting less than 2 months) [15].

Treatment phases for drug-susceptible TB: The
preferred regimen for treating adults with TB remains
a regimen consisting of an intensive phase of
2 months of isoniazid (INH), rifampin (RIF), pyrazi-
namide (PZA), and ethambutol (EMB) followed by a
continuation phase of 4 months of INH and RIF.
Using the time points described above, pre-treatment
costs (Figure 1(a)) are estimated by asking patients to
recall any out-of-pocket payments or indirect costs
that they may have incurred from the onset of TB
symptoms to the start of TB treatment (Day 0).
Similarly, on-treatment (Figure 1(b)) costs for the
intensive and continuation phase of TB treatment
are estimated by asking patients to recall any out-
of-pocket payments or indirect costs that they may
have incurred from the start of TB treatment (Day 0)

until Month 2, or from Month 2 to Month 6, respec-
tively. The total on-treatment costs are estimated by
combining costs incurred during these two time-
points (Month 2 and Month 6). Post-treatment
costs are estimated by asking patients to recall any
out-of-pocket payments or indirect costs that they
may have incurred from the end of TB treatment
until the end of long-term follow-up (i.e. Month 12
to capture costs incurred in the first 6 months after
treatment completion or Month 24 to capture costs
incurred in the year after TB treatment completion)
(Figure 1(c)).

Treatment phases for drug-resistant TB: The
guidelines for drug-resistant TB were updated by
the WHO in 2016 and 2019 to include the use of
the shorter multi-drug resistant TB (MDR-TB) regi-
men (4-6 months intensive phase and 5 months con-
tinuation phase) [16,17]. Because the duration of
treatment is longer for drug-resistant TB, the Month
2 and Month 6 instruments capture costs for the
intensive phase of TB treatment. Then at 12 months,
instead of administering the Month 12 instrument to
capture post-treatment costs (as we would do for
drug-susceptible TB patients), the Month 6 instru-
ment is repeated in drug-resistant TB patients to
capture on-treatment costs for the continuation
phase. By combining costs incurred during these
time-points (Month 2, Month 6 and Month 12), the
total on-treatment costs can be estimated (Figure 1
(d)). Post-treatment costs incurred in the year after

Long term
Ny
4 Ej‘ @ @ follow-up
Onset of - Diagnosis Treatment D 88 Treatment &
symptoms 4 start completed =
w (] ]
\ ‘ Intensive Continuation I |
Drug-susceptible MO M2 M6 M12/24/36
TB Pre-treatment (a)
On-treatment (b)
Post-treatment (c)
Intensive Continuation
\ \ | l \ |
Drug-resistant MO M2 M6 MI2 M24/M36
TB Pre-treatment (a)
(short-course) On-treatment (d)
Post-treatment (e)
Intensive* Continuation
| | \ I I |
Drug-resistant MO M2 M6 MI2 M24 M36
TB Pre-treatment (a)

(long-course)

*an intensive phase of 67 months is suggested for patients on regimens that contain amikacin or streptomycin.

On-treatment ()
Post-treatment (g)

Figure 1. The WHO generic TB patient cost survey instrument was adapted for use at use at enrollment/start of TB treatment
(Day 0) and at Month 2, Month 6, Month 12 and Month 24; time points intended to capture costs incurred for different phases
of TB disease (e.g. pre-treatment, on-treatment and post-treatment).



TB treatment completion are collected using the
Month 12 instrument (that was used at Month 12
for drug-susceptible TB patients) but administered at
Month 24 (Figure 1(e)). The Month 12 instrument
(for drug-susceptible TB patients), is administered
once patients have completed TB treatment, and can
be repeated at multiple time points after TB treat-
ment completion (e.g. 12, 18, 24, 36 months, etc.).
The adapted version for these pre-defined time points
can be downloaded for use at www.tbsequel.org.

For drug-resistant TB treatment, countries can
also opt for an individualized longer (18-20 months
or 15-17 months after culture conversion) MDR-TB
regimen [17], and preferably an all-oral regimen. In
this case, countries can still use the adapted instru-
ments to evaluate and monitor TB’s economic burden
on patients and their households. Total on-treatment
costs are estimated from costs reported at Month 2,
Month 6, Month 12, and Month 24 time-points
(Figure 1(f)), however an additional visit is required
at Month 18 to minimize recall bias. The Month 6
instrument is repeated until TB treatment has been
completed, and then as described above once treat-
ment has been completed, the Month 12 instrument
can be administered to collect post-treatment costs.
In this instance, it would be important to record the
treatment completion date so that the overlap
between on-treatment (12-20 months) and post-
treatment periods (20-24 months) can be estimated
during the analysis phase.

Each time point contains questions for the key
data elements described above. While many of the
data elements are repeated at the different time
points (e.g. employment, numbers of hours
worked, use of dissaving strategies, social assis-
tance/protection, guardian costs, etc.), certain sec-
tions, specifically the direct out-of-pocket medical
and non-medical payments, were adapted for the
phase of treatment. For example, the pre- and post-
treatment phases do not require data on direct
medical (e.g. X-ray, laboratory tests or medication)
or non-medical (e.g. transport to collect TB medi-
cation) expenditures related to TB treatment and
these questions are therefore omitted. Recall data
on direct out-of-pocket payments are collected for
all the time points of any visit to a health-care
provider (whether scheduled or unscheduled, and
including outpatient and inpatient care). For on-
treatment and post-treatment direct medical and
non-medical costs, participants are asked to recall
since the date of the last interview. For pre-treat-
ment costs, participants are asked to recall since the
date when they first experienced symptoms. Pre-
treatment costs (Day 0) are only collected for new
TB cases as health-seeking behavior and duration
of illness prior to TB treatment, and therefore the
pre-treatment costs, are likely to be different for
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those previously treated (i.e. those with relapse,
reinfection or retreatment after treatment failure).

Local adaptation

Next, we adapted the longitudinal instrument for each
setting, to ensure that questions on TB services (e.g. type
of provider), health-care fees for TB-specific tests and
treatments, health insurance schemes, social protection
mechanisms (disability grant, social welfare for the poor,
travel vouchers, food assistance), socio-economic status
(household assets), and socio-demographic information
(education, employment and occupations) are locally
appropriate. Discussions were held with local teams to
determine the best way to adapt the instruments in terms
of language to ensure that words in the target language
conveyed the same or similar meaning as the source
language (i.e. with an emphasis on thematic translation
in local languages rather than literal translation of ques-
tions). Adjustments were made by modifying the list of
options available for certain questions based on input
from local clinicians, counsellors, and researchers. For
example, in South Africa and The Gambia, we adapted
the list of providers to reflect those commonly used while
seeking care (e.g. pharmacy, traditional healer/practi-
tioner, primary care clinic, private practitioner, public
hospital, private hospital and herbalist). We also adapted
the instrument to include the local currency unit.

As recommended by the WHO Task Force [2],
instrument questions on self-reported income and
household assets were adapted for each country,
where possible using the same wording as in the
standardized and validated demographic, expenditure
or social survey instruments available for that country
(e.g. Demographic or Health Survey or the Household
Income and Expenditure Survey).

An interviewer aid with pictograms (e.g. for rating
scales), definitions and/or synonyms for certain
words or terms and other useful information was
developed to supplement the training material and
help guide interviewers during the patient interview.
A sheet with country-specific prompted income
ranges, as described below, was also included in the
interviewer aid. The adapted instrument was available
in English and was verbally translated into local lan-
guages by local study staff, who administer the ques-
tionnaire to the study participants. The study team
agreed on appropriate wording for the translations
during the training and piloting phase (see below),
and a summary of this was also included in the
interviewer aid. The interviewer aid was also designed
to help interviewers with time structuring (e.g. help
patients correctly recall costs they incurred since the
last interview) and accurate reporting (e.g. help
patients accurately recall changes in income since
the last interview).
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Table 2. Approaches to estimating annual household income using the TB patient cost instrument adapted for longitudinal

studies®.

Catastrophic total costs® = Episode direct costs® + Episode indirect cost® > threshold value (e.g. 20% base case)
Household capacity to pay“®

Direct medical and non-medical costs®

Total indirect (productivity) loss®

These are payments made directly by the patient or their household
member. Direct medical payments include payments for formal
medical professionals, informal traditional or alternative practitioners,
clinics, health centers, pharmacies, and hospitals — for medical
services and products (e.g. medicines, consultation fee, payment to
DOTS provider/supporter, day charges for hospitalization, diagnostics,
lab tests and procedures). This excludes prepayment for health
services — for example health insurance premiums — and where
relevant, net of any reimbursements to the individual who made the
payments.

Non-medical direct costs include travel, accommodation, food or other
non-medical payments incurred by the patient, their household
member or caregiver/guardian while picking up medication or during
the visit/hospital stay for TB care (e.g. nutritional or food supplements,
interest on loans taken out to meet the costs of TB, day charges for
time in hospital etc.).

The sum of the direct medical and non-medical costs for the different
phases/entire episode is used as the numerator.

Indirect costs can be estimated using two alternative methods;

(i) Self-reported household income loss net of welfare or social assis-
tance payments. This includes the cost that the caregivers bear by
contributing their time and in-kind services. Any gain or loss of
income reported during each phase or for the entire episode is
considered the total indirect cost [18].

(i) Opportunity cost of time spent away from the daily productive
routine. Participants are asked to self-report time spent seeking
and receiving care as well as the average number of hours they work
each day, if this changed since the last interview, and if so, by how
much. The time total period of absence (in hours) is multiplied by the
hourly wage rate of the absent worker. The hourly wage can be
estimated from directly reported data, household asset ownership, or
national statistics.

Indirect costs for the different phase/entire episode is used as the

numerator in the catastrophic total cost equation.

Household capacity to pay“'d

Self-reported current income (detail or prompted ranges)©

Participants are asked to self-report their monthly individual and
household income, which is then used to calculate the annual income.
If participants don't know or refuse to answer they are asked to
identify their individual and household income from a list of
prompted ranges.

Detailed questions are used to solicit information about income (e.g.
employment, property income, income from household production of
services or goods) and non-salary income (e.g. travel voucher, food
vouchers, disability grant, in-kind or cash transfers, public assistance,
donations etc.)

Annual household income before the onset of symptoms is typically
used for the denominator.

Estimated income based on asset scoring®
Annual household income can be estimated using asset ownership or

dwelling characteristics (e.g. number of rooms, type of toilet facility,
electricity supply, source of drinking water). A standard asset index can
be used to divide households into five socio-economic quintiles. For
each income quintile, mean household permanent income can be
extrapolated from the National Income Dynamics Survey. This estimate
usually represents income before TB.

Estimating income based on assets is a suitable alternative if income is

hard to report accurately or is subject to great variability over time (e.g.
casual or seasonal work, large informal sector work etc.).

Alternative indicator of catastrophic costs — Coping strategies

Coping strategies can be used as an indicator of economic catastrophe. Participants are asked if the individual or their household used savings,
borrowed money, sold property or took out a loan to cover the cover of TB, and if so, how much.
Participants are also asked about the economic consequences experienced (e.g. pulling children out of school, household food security etc.)

*Adapted from [2] and [18].

Abbreviations: TB tuberculosis; DOTS Directly Observed Treatment Short-course & Participants are interviewed at time points intended to capture costs
incurred for different phases of TB disease (e.g. pre-treatment, on-treatment and post-treatment). Catastrophic total costs can be calculated for the
entire TB episode or for each phase of TB.

a = Direct medical and non-medical costs; b = Total indirect (productivity) loss; ¢ = Self-reported current income (detail or prompted ranges);

d = Estimated income based on asset scoring.

Income adjustments

Using the longitudinal instrument, participants are inter-
viewed at selected time points to capture costs incurred
for different phases of TB disease. Changes in costs and
income can then be calculated for the entire TB episode
or for each phase of TB (e.g. pre-treatment, on-treatment
and post-treatment). The adapted tool allows for multi-
ple methods for income estimation, as recommended by
the WHO Task Force, and for alternative measures of
income impact, such as the adoption of coping strategies.
Measures of annual household income, which is used as
the denominator (equivalent to household capacity to
pay) when calculating the percentage for which the
defined threshold for catastrophic total costs due to TB
disease (>20%) is applied [4], can incorporate multiple
direct and indirect measures, as described by Sweeney
and colleagues and detailed in Table 2 [18].

To estimate individual and household monthly
income, we first asked patients to report their current
individual and household monthly income at each

time point (e.g. Day 0, Month 2, Month 6, Month
12 and Month 24). At Day 0 patients were also asked
to report their individual and household monthly
income before the onset of symptoms (6 months
ago). At each time point, if patients could not recall
their individual or household monthly income or
refused to answer, they were asked to identify their
individual or household monthly income from coun-
try-specific income ranges. Pre-determined weekly,
monthly, and annual income bands were included
on a sheet, from which study participants could select
the most appropriate response. Additional options for
‘none’, ‘don’t know’ and ‘refuse to answer’ were again
included to understand missing data. The self-
reported mid-point income for the prompted range
was used as the current monthly income. The
monthly household income reported was then used
to calculate the total income for the period (e.g.
2 months, 4 months, or 6 months since the last inter-
view). Similarly, household income was annualized
by multiplying the total income for the period by
the ratio of the number of months in a year (12)



over the number of months in the period. For exam-
ple, if a patient reported income at two or three time
points (e.g. United States Dollar (USD) 2 USD 000
per month at Month 2 and USD 2 USD 200 per
month at Month 6), we multiplied the total income
for the period (e.g. USD 4 USD 200 for two months)
by a ratio (number of months in a year divided by the
number of months of income was reported;
12 + 2 = 6) to estimate the amount of income in a
year (e.g. USD 25 USD 200 per year). When calculat-
ing the proportion of TB patients and their house-
holds facing catastrophic total costs, defined as total
direct and indirect medical costs exceeding 20% of
annual household income, household income prior to
symptom onset (6 months prior to treatment initia-
tion) is used as the denominator for catastrophic total
costs [18,19].

Staff training and local refinement

Study staff were trained according to the recommen-
dations outlined in the WHO Task Force and the TB
patient cost surveys handbook [2]. Training con-
sisted of an initial two-day introductory session,
followed by a second two-day training on interview-
ing techniques, infection control, ethical considera-
tions, understanding the indicators used in the
instrument, and quality assurance (see below).
Investigators then conducted an extensive three to
five-day training session, either in-country or via
interactive virtual training, to ensure that inter-
viewers understood the questions and that the
instrument would be implemented in a standardized
way. The study team worked with the local study
staff to identify potential sources of information (e.
g. patient TB card, TB treatment register, etc.), so
that clinic record information, such as the date of
diagnosis and treatment regimen, could be extracted
before the interview.

The study team also worked with local study staff
to; (i) list types of health-care providers so that
options in the instrument reflected the local typol-
ogy/categories,  (ii)  identify = country-specific
prompted ranges for income, (iii) adapt some of the
socio-demographic questions such as education,
employment, occupation, so that options reflected
the local standard categories, (iv) identify and include
types of health insurance and social protection
schemes that are available, and (v) adapt questions
on income and assets using standardized/validated
categories used in the country. Training material
and a training guide documenting these adaptions
and recommendations were distributed to study
staff. Follow-up sessions were scheduled throughout
the study period to provide feedback, resolve uncer-
tainties or concerns, and repeat data collection
procedures.
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We considered the four months between the first
introductory training session (May 2017) and the
start of enrollment (September 2017) as the pilot
phase. During this period, interviewers practiced
administering the questionnaires, familiarized them-
selves with the online data collection tool
(OpenClinica®), and provided extensive feedback to
the study team, which was then incorporated in the
adapted instrument. Countries continued to refine
questions to ensure that options were appropriate
for their setting (e.g. type of health insurance or social
assistance available) and that different context-speci-
fic scenarios had been considered in the wording and
subsequent options for the questions. For example,
for The Gambia, the question on household assets
was adapted from ‘Do you own any of the following’
to ‘Does your household/dwelling have or do you
own any of the following?’ to reflect local living con-
ditions (e.g. large families living in compounds).
Similarly, in instances where patients were not for-
mally employed but traded goods, interviewers were
asked to obtain the value of goods, as a proxy for
individual monthly income.

Discussion

The adapted, longitudinal TB cost instrument
described above offers several advantages over the
original, cross-sectional instrument. Collecting
repeated measurements from each subject over
time can simultaneously increase statistical power
for detecting changes while reducing the costs of
conducting a study [20]. Using the adapted tool
provides the opportunity to repeat measures and
make comparisons over time, describe changes that
extend beyond treatment completion, and even link
cost survey data to treatment outcomes. These
adapted tools are particularly valuable when describ-
ing the economic burden of TB during different
phases of TB treatment or determining whether
economic consequences diminish or reverse when
patients recover from TB. The longitudinal adapta-
tion also allows for more in-depth information than
does WHO’s generic cross-sectional instrument. For
instance, collecting repeated measurements of key
variables can provide a more definitive evaluation
of within-person change across time [20]. The long-
itudinal design can be used to further validate the
cross-sectional approach and highlight dimensions
which are particularly difficult to capture valid data
for through extrapolations and imputations. In addi-
tion, the adapted tool can be used for either drug-
susceptible or drug-resistant TB, making it particu-
larly valuable in view of the scarcity of evidence
available on the costs of drug-resistant TB to
patients [21].
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Additional time and resources, increased risk of
attrition, and more complex sample size selection are
some of the disadvantages of a longitudinal over a
cross-sectional design. While longitudinal studies
typically have higher statistical power and require
fewer subjects than cross-sectional designs, repeated
measurements taken from the same participant are
correlated. Therefore, the sample size needs to
account for special statistical methods required to
analyze correlated data (e.g. multilevel models) [20].
In terms of capturing costs incurred for TB, these two
instruments have different purposes. The WHO
cross-sectional approach is driven by feasibility and
the need to enable as many countries as possible to
generate data to monitor the End TB indicator, for
which the first milestone year is 2020. Whereas the
longitudinal approach was adopted to suit the study
design objectives of the research study (e.g. make
comparisons over time and capture costs for each
phase of treatment spanning from the onset of symp-
toms until at least 24 months after the completion of
treatment). Therefore, it is essential to note that the
longitudinal design is preferable for research pur-
poses, while the cross-sectional approach is a more
feasible option for national surveillance.

We conclude by noting that both instruments have
some limitations (Table 1). It should be noted that
the WHO generic TB patient cost survey was adapted
for a longitudinal study design and tailored for the
TB Sequel study. Therefore, there may be a need to
further adapt the instruments for other settings or
patient populations (e.g. children or those with extra-
pulmonary TB).

The instruments do not capture the impact of
mortality associated with TB on the household, nor
do they capture the impact of multiple episodes of TB
in the same individual or of multiple concurrent ill-
nesses in the same household. Self-reported income
can be challenging to assess in settings with informal
economies [6,18,22-24]. For example, it is not possi-
ble to distinguish lost income due to illness from lost
wages while seeking care for patients who report a
zero income. Neither instrument measures household
consumption or expenditure (i.e. the sum of the
monetary values of all items consumed by the house-
hold) to estimate annual household income, though
questions could be added for settings in which short-
form consumption questionnaires have been vali-
dated. While the generic and adapted tools can be
administered as paper-based surveys with subsequent
data entry into an electronic database, the generic
instrument has the added advantage that it can be
administered as an electronic (E-survey) survey,
offering secure management of electronic forms and
data in real-time [2]. For those whose research ques-
tions are not hampered by these limitations; however,
the longitudinal instrument provides a valuable

addition to the toolkit for understanding the eco-
nomic impact of tuberculosis.

Availability of data and materials

Templates for the adapted instruments (e.g. Day 0,
Month 2, Month 6, Month 12 and Month 24) can be
freely downloaded from the TB Sequel website (www.
tbsequel.org) along with examples of the manual/
guide and the interviewer aid which can be adapted.
Templates are free to use provided users agree to the
following terms and conditions.

TB Sequel hereby grants permission to use the
adapted patient cost instruments under the following
conditions, which shall be assumed by all to have
been agreed to as a consequence of accepting and
using the documents:

e Changes can be made to the instruments; how-
ever, all such changes shall be identified as hav-
ing been made by the user.

e The user accepts full responsibility, and agrees
to indemnify and hold TB Sequel harmless, for
the accuracy of any translations into another
language and any errors, omissions, misinter-
pretations, or consequences thereof, and any
consequences resulting from the use of the
instrument.

e The user will provide a credit line when printing
and distributing the instruments acknowledging
that it was developed as part of the TB Sequel
study and acknowledging this and the sources;
the WHO’s generic TB patient cost instrument
and the TB patient cost surveys handbook.
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