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Background

Tuberculosis preventive treatment (TPT) in child household contacts is recommended by
World Health Organization (WHO) but limited data has been reported on the costs
experienced by households with children receiving TPT.

Methods

We evaluated the economic impact on households with children receiving TPT within a
service-delivery model cluster-randomised controlled trial in Cameroon and Uganda. The
intervention included community health worker-led home-based child-contact screening,
TPT initiation and monitoring, and referral of children with presumptive tuberculosis or
side effects, and was compared with each country’s facility-based standard of care
(control). We used a retrospective cross-sectional survey adapted from the WHO Global
task force on tuberculosis patient cost surveys. All costs were collected between February
2021 and March 2021 and are presented in 2021 US$.

Results

The median household costs estimated using the human capital approach were higher in
the control arm ($62.96 [interquartile range, IQR; $19.78-239.74] in Cameroon and
$35.95 [IQR; $29.03-91.26] in Uganda) compared to the intervention arm ($2.73 [IQR;
$2.73-14.18] in Cameroon and $4.55 [IQR; $3.03-6.06] in Uganda). Using a threshold of
20% of annual household income, 15% (95%CI; 5-31%) of households in Cameroon and
14% (95%CI; 4-26%) in Uganda experienced catastrophic costs in the control compared to
3% (95%CI; 1- 8%) in Cameroon and 3% (95%CI; 1-8%) in Uganda in the intervention.
Using the output-based approach to estimate income losses increased costs by 14-32% in
the control and 13-19% in the intervention across the two countries. The proportion of
participants experiencing any dissaving was higher in the control, 53% (95%CI; 36-71%)
in Cameroon and 50% (95%CI; 31-69%) in Uganda, compared to 18% (95%CI; 10-29%) in
Cameroon and 17% (95%CI; 8-28%) in Uganda in the intervention.

Conclusions

Households with child contacts initiated on TPT under a facility-based model incur
significant costs. Community-based interventions help to reduce these costs but do not
eliminate catastrophic expenditures.

Registration https://clinicaltrials.gov/ct2/show/NCT03832023.
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Tuberculosis remains a major public health problem
globally, with an estimated 10.6 million new cases in 2021.1
The burden of paediatric tuberculosis is substantial, with
the World Health Organization (WHO) estimating that, in
2021, about 1.2 million children under 15 years fell ill with
tuberculosis worldwide, and approximately 200,000 died
due to this disease.!

Children aged 0-4 years, or 5-14 years living with HIV,
who live in the same household with an index tuberculosis
patient are at an increased risk of progression to active
tuberculosis disease once infected.3 Furthermore, these
children are more prone to severe forms of the disease, such
as tuberculosis meningitis, and have a higher risk of death
than other age groups.3-°

The WHO recommends systematic screening for tuber-
culosis in household contacts of individuals diagnosed with
tuberculosis and tuberculosis preventive treatment (TPT)
initiation if eligible, with priority given to children under
the age of 5 years and 5-14 years living with HIV.” However,
tuberculosis child contact management has not been rou-
tinely or effectively implemented in resource-limited set-
tings due to multiple obstacles including healthcare sys-
tem-related barriers such as infrastructure and human
resources.38-11 Families also face several challenges in
bringing children to the healthcare facility including,
among other things, the burden of travel, financial chal-
lenges, and transport costs.19-12 These subsequently lead
to parents’ reluctance to bring their children to the facility
for tuberculosis screening. This limits case detection and
attainment of the targeted TPT coverage rates.

Active contact investigation at the community and
household level, a key element of the family-centred care
concept, is considered a critical intervention for enhancing
both case finding and provision of TPT among children and
adolescents.”!3 Household or community-based interven-
tions are likely to improve the uptake and acceptability of
child contact screening and management as they remove
some access barriers.!415 In addition, they are likely to im-
prove adherence to TPT and reduce costs and workload at
the health facility level.

Evidence on the impact and cost-effectiveness of house-
hold or community-based contact investigation and man-
agement in resource-limited settings is urgently required.!®
The economic impact of these interventions on households
has not been investigated, with previous evaluations focus-
ing on health system costs.1’-18 While costs to patients are
well recognised as important for patients on anti-tubercu-
losis treatment,! they have not yet been considered much
in relation to TPT. A recent study by Yuen et al.l® found
that costs to patients had a sizable contribution towards
the total costs of TPT provision. An understanding of these
costs will help formulate policies and interventions that
help to improve access to contact investigation and man-
agement leading to improved patient outcomes.

We evaluated the economic impact on households with
children receiving TPT of community- and facility-based
service-delivery models for contact investigation and TPT
within the Community-based Tuberculosis Tracing and

Preventive Therapy (CONTACT) multicentre, cluster-ran-
domised trial in Cameroon and Uganda.

METHODS
STUDY DESIGN AND SETTING

A cross-sectional survey with retrospective data collection
and projections based on approaches adapted from the
WHO Global taskforce on tuberculosis patient cost sur-
veys20 was conducted between February 2021 and March
2021. The survey included caregivers (parents/guardians)
of children enrolled in the CONTACT study. The CONTACT
study [NCT03832023] was a pragmatic, multicentre, clus-
ter-randomised controlled trial (cRCT) that evaluated the
impact of child contact tuberculosis investigation and TPT
management in Cameroon and Uganda. Cameroon and
Uganda are high tuberculosis incidence, resource-limited
(gross national income per capita of $3,990 in Cameroon
and $2,360 in Uganda) sub-Saharan African countries with
different programs for the delivery of tuberculosis services.
Details of the CONTACT study procedures have previously
been reported.21:22 In short, the intervention model in-
cluded the screening of tuberculosis contacts by commu-
nity health workers (CHWs), decentralised TPT initiation by
a nurse, and follow-up at the community level by a trained
CHW. Child contacts with symptoms suggestive of tuber-
culosis or with TPT side effects requiring further investi-
gations were referred to a health facility where a clinician
trained on study safety procedures assessed them. The con-
trol arm was the standard of care in each country with TPT
initiation and follow-up done at the health facility. In both
arms, child contacts eligible for TPT were given 3 months of
isoniazid and rifampicin daily (3HR). The number of sched-
uled visits for TPT initiation and follow-up was 3 in the
control and 5 in the intervention.

STUDY POPULATION

Caregivers of children registered for TPT already enrolled in
the CONTACT study who had completed at least two weeks
of treatment were eligible for the survey. Caregivers who
provided written informed consent were invited to take part
in the cost survey. Participants were consecutively invited
to participate from the CONTACT study enrolment register.

SAMPLE SIZE

The sample size was calculated assuming catastrophic costs
affect 50% of households in our recruited cohort (conserva-
tive from the perspective of power), a design effect for this
quantity of 2 and an absolute precision of 20% resulting in
a sample size of 48 households across the two countries.

DATA COLLECTION

Data was collected using a standardised questionnaire
adapted from the WHO Global task force on tuberculosis
patient cost surveys.!? The questionnaire (previously pub-
lished!” and available in Tables S2 and S3 in the Online
Supplementary Document) was adapted to the local con-
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text (facility types, currencies, socio-economic questions)
including translation to the French language in Cameroon.
We incorporated previously published country-specific
questions on household asset ownership and dwelling char-
acteristics.23 The survey was done during the COVID-19
pandemic, so we also developed and included a set of ques-
tions to assess the impact of the pandemic on TPT care
and the economic welfare of the households. Data were col-
lected and managed using REDCap electronic data capture
tools hosted at The University of Sheffield.24 The data col-
lection instrument was piloted during the training of data
collectors.

Trained data collectors conducted face-to-face inter-
views at the facility in the control or in the community as
part of the home visits in the intervention arm of the CON-
TACT study. Enrolled caregivers were interviewed to gather
information on expenditures and time losses (opportunity
costs) experienced during seeking health care and caring
for the children. Data on health care utilisation, household
asset ownership, coping mechanisms (e.g. dissaving, bor-
rowing, selling assets), and perceived social and financial
impacts of TPT were collected. Participants also provided
information on socio-economic characteristics (e.g., the in-
come of the participant and of household), and COVID-19
impact. Clinical and demographic information of children
included in the survey was extracted from the CONTACT
study database before the interview.

DEFINITIONS (PATIENT COSTS, INCOME, CATASTROPHIC
COSTS, COPING MEASURES)

We estimated direct medical, direct non-medical, and in-
direct costs incurred before and during TPT from a patient
perspective. We collected data on direct medical costs (con-
sultation fees, hospital admissions, medicines, laboratory
tests), direct non-medical costs (transport and food), and
indirect costs (opportunity costs representing lost produc-
tivity by a caregiver seeking and receiving care for their
child or children) incurred up to the time of interview. The
human capital approach was used to estimate the indirect
costs by summing up the reported time lost due to receiving
and waiting for care, hospitalisation, transportation, and
lost working days for the caregiver to get an estimate of the
total time lost. The total time lost was multiplied by the
minimum hourly wage in each country.

To minimise recall bias, for households with more than
one child on TPT, data were collected only for a single
child contact and the TPT treatment month the child was
in at the time of the interview. We estimated the entire
treatment cost per month by extrapolating the costs in-
curred up to the time of the interview. Costs for the other
months of TPT were estimated using the median reported
costs collected from caregivers interviewed when their chil-
dren were in that treatment month. We assumed that direct
medical costs and some direct non-medical costs (e.g. ac-
commodation, food and transport) would scale up with the
number of contacts. In order to estimate the total costs due
to TPT in the household, we multiplied estimated direct
medical and non-medical costs in that household by the
number of contacts screened (for costs incurred before TPT)

and the number of children initiated on TPT (for costs in-
curred after TPT initiation).

Consistent with the global End TB indicator defined by
the WHO,20 we estimated the proportion of households ex-
periencing catastrophic total costs due to TPT as the pro-
portion of households with total costs (direct and indirect
costs) incurred exceeding 20% of the household’s annual
income.

In addition, we assessed the potential impact of the
COVID-19 pandemic on TPT care and economic welfare,
the coping strategies used by households to deal with the
cost associated with TPT and the social consequences ex-
perienced. We estimated the proportion of households em-
ploying each coping strategy, experiencing each social con-
sequence and suffering each COVID-19 impact.

DATA ANALYSIS

Descriptive statistics are reported for demographic char-
acteristics, clinical characteristics, clinical outcomes, and
patient costs for each country. Categorical variables are
summarised using frequencies (with percentages) and con-
tinuous variables are summarised using the mean (with
standard deviation, SD) or the median, (with interquartile
range, IQR). Time lost and patient costs are summarised us-
ing a median with IQR due to skewed distributions. Costs
are disaggregated into direct medical, direct non-medical,
and indirect costs, and are presented for the period before
and during TPT. Costs are also presented by the model of
TPT delivery (facility-based versus community-based). The
survey was not powered to compare costs across the mod-
els of TPT delivery hence no formal statistical tests were
performed. Missing household income was imputed using a
regression model based on household asset ownership and
dwelling characteristics. The proportion of households ex-
periencing catastrophic costs was adjusted for clustering
effects using a logistic regression model with a binomial
distribution and logit link function including the fixed ef-
fects of country and model of care. These proportions are
presented as model-predicted means and 95% confidence
intervals (CI). All costs and incomes were collected in lo-
cal currency and converted to US dollars using the coun-
try-specific average exchange rate during the study period
(February — March 2021) available from OANDAZ25 (US$1 to
550 Central African Franc in Cameroon and 3,666 Ugandan
Shilling in Uganda).

SENSITIVITY ANALYSES

The impact of different assumptions on total household
costs and the incidence of catastrophic costs was evaluated
in sensitivity analyses. In line with current guidance,20 we
also used the output-based approach to calculate indirect
costs by applying self-reported income to estimate income
change before TPT and during TPT care. We present the
incidence of catastrophic costs when only direct costs are
counted (that is excluding lost income or a valuation of lost
time), in a more conservative approach. Lastly, we varied
the threshold for estimating the incidence of catastrophic
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costs to evaluate its impact on the proportion of house-
holds classified as facing catastrophic costs.

ETHICAL CONSIDERATIONS

The patient cost survey was part of the CONTACT cRCT pro-
tocol that was approved by the WHO Ethics Research Com-
mittee, the Advarra Institutional Review Board, and local
ethics committees from Cameroon and Uganda. All partic-
ipants provided informed consent for participation in the
CONTACT cRCT and provided informed assent before tak-
ing part in the interviews.

RESULTS
SURVEY PARTICIPANTS

Caregivers representing 57 households in Cameroon (18 in
the control and 39 in the intervention) and 47 households
in Uganda (18 in the control, 29 in the intervention) were
interviewed (Table 1). The mean age of children on TPT in-
cluded in the survey was 2 years and 54% were male. The
mean household size was 7 (SD=4.12) in Cameroon and 5
(SD=2.19) in Uganda. In both countries, the average num-
ber of household contacts per index case (3 contacts), ini-
tiated on TPT (2 child contacts), and on TPT follow-up
at the time of the interview (2 child contacts) were simi-
lar. A few participants in Cameroon, 11% (6/57) and none
in Uganda reported having health insurance coverage. The
self-reported mean annual household income was lower in
Uganda ($140) compared to Cameroon ($185). Household
income was much higher for participants in the control in
Cameroon ($314). Despite the differences in income, a sim-
ilar proportion of households were living below the inter-
national poverty line of US$1.90 per day (~85%) in both
countries. The majority of households in both countries
were classified at or below the average national household
income quintile estimated based on reported household as-
set ownership; 93% (53/57) in Cameroon and 55% (26/47)
in Uganda.

MODEL OF CARE

Eight children (14%) in Cameroon had previously been hos-
pitalised in relation to TPT at the time of the interviews
for a mean duration of stay of 0.5 days and none in Uganda
(Table 2). In both countries, no children were hospitalised
at the time of the interview. Lower mean health facility
visits were reported as part of TPT initiation (0.3 visits in
Cameroon and 0.1 visits in Uganda) than during TPT fol-
low-up (2.05 visits in Cameroon and 4.5 visits in Uganda).
The average total number of facility visits was higher in the
control (7 visits in Cameroon and 11 visits in Uganda) com-
pared to the intervention (0.3 visits in Cameroon and 0.1
visits in Uganda).

MAIN FINDINGS
TIME LOSS FOR CARE-SEEKING

The reported mean total time loss for care-seeking for care-
givers was 18.16 (SD=16.28) hours in Cameroon and 32.08
(SD=39.55) hours in Uganda (Table 2). The mean total time
lost was higher in the control; 30.4 (SD=21.43) hours in
Cameroon and 53.17 (SD=54.68) hours in Uganda compared
to the intervention; 12.82 (SD=9.7) hours in Cameroon and
18.52 (SD=15.4) hours in Uganda. This was largely driven by
time spent during treatment follow-up visits.

ESTIMATED TOTAL COSTS

The overall median household costs estimated using the
human capital approach were $10.91 (IQR; $2.73-54.79) in
Cameroon and $11.64 (IQR; 3.03-41.55) in Uganda (Table
3 and Figure 1). The median costs were higher in the con-
trol ($62.96 [IQR; $19.78-239.74] in Cameroon and $35.95
[IQR; $29.03-91.26] in Uganda) compared to the interven-
tion ($2.73 [IQR; $2.73-14.18] in Cameroon and $4.55 [IQR;
$3.03-6.06] in Uganda). The overall costs were driven by in-
direct costs (60%), direct medical costs (29%), and direct
non-medical costs (11%) in Cameroon and by indirect costs
(63%), direct non-medical costs (28%), and direct medical
costs (9%) in Uganda. In general, poor households (average
national wealth quintile and below) were disproportion-
ately affected financially by costs related to TPT, especially
in Cameroon where a gradient of effect was observed (Fig-
ure 2). The ratio of total costs incurred to annual household
income was relatively large for households in the lower
wealth quintiles.

Using a threshold of 20% of annual household income
and the human capital approach for valuing time loss, the
estimated proportion of households facing catastrophic
costs due to TPT was 6% (95%CI; 2-16%) in Cameroon and
5% (95%CI; 6-19%) in Uganda (Figure 3). Disaggregated by
the model of TPT delivery, 15% (95%CI; 5-31%) of house-
holds in Cameroon and 14% (95%CI; 4-26%) in Uganda ex-
perienced catastrophic costs in the control compared to
3% (95%CI; 1- 8%) in Cameroon and 3% (95%CI; 1-8%) in
Uganda in the intervention.

COPING STRATEGIES, SOCIAL CONSEQUENCES AND THE
IMPACT OF THE COVID-19 PANDEMIC

Approximately half of the households in the control; 53%
(95%CI; 36-71%) in Cameroon and 50% (95%CI; 31-69%)
in Uganda experienced dissavings (taking a loan, selling an
asset, or use of savings) to deal with costs related to TPT
(Figure 3 and Table 4). In the intervention, 18% (95%CI;
10-29%) in Cameroon and 17% (95%CI; 8-29%) in Uganda
experienced dissavings. Approximately 30% (16/57) of par-
ticipants in Cameroon and 34% (16/47) in Uganda reported
that their household was now poorer or much poorer fol-
lowing TPT initiation for their children. A substantial num-
ber of households in Uganda 66% (31/47) reported expe-
riencing some social consequences compared to 14% (8/
57) in Cameroon. The COVID-19-related economic impact
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Table 1. Demographic and socioeconomic characteristics of survey participants and their tuberculosis child

contacts.
Cameroon Uganda
Overall,N soc,N = Overall,N soc,N =
Characteristic =57 18 int, N =39 =47 18 int, N=29
Child age (Years), Mean (SD) 2.32(1.22) 2.22(1.2) 2.36(1.24) 2.32(1.16) 2.56(1.25) 2.17(1.1)
Child sex, n (%)
Female 26 (45.6%) 7 (38.9%) 19 (48.7%) 21(44.7%) 4(22.2%) 17 (58.6%)
Male 31(54.4%) 11(61.1%) 20(51.3%) 26 (55.3%) 14 (77.8%) 12 (41.4%)
Child HIV status, n (%)
Negative 0(0.0%) 0(0.0%) 0(0.0%) 32(68.1%) 8 (44.4%) 24 (82.8%)
57 18 39
Unknown (100.0%) (100.0%) (100.0%) 15(31.9%) 10 (55.6%) 5(17.2%)
Health insurance, n (%) 6(10.5%) 0(0.0%) 6(15.4%) 0(0.0%) 0(0.0%) 0(0.0%)
Household size, Mean (SD) 7.26(4.12) 6.44(1.89) 7.64(4.8) 5.49(2.19) 5.5(1.86) 5.48(2.4)
Contacts identified per 3.72
index TB patient, Mean (SD) 3.25(2.29) 3.11(2.11) 3.31(2.39) 3.81(2.36) 3.94(2.39) (2.37)
Contacts initiated on TPT, 2.79
Mean (SD) 1.58(1.12) 1.33(0.59) 1.69(1.28) 2.47(1.99) 1.94(1.51) (2.19)
Contacts on TPT follow-up, 2.54
Mean (SD) 1.57(1.11) 1.29(0.47) 1.69(1.28) 2.26(1.91) 1.83(1.47) (2.13)
Household income before
TPT (monthly, US$), Mean 185.22 313.58 127.79 139.8 129.68 146.08
(SD) (183.47) (231.7) (122.28) (132.76) (159.61) (115.68)
National wealth quintile
Poorest 21(36.8%) 9 (50.0%) 12 (30.8%) 3(6.4%) 1(5.6%) 2(6.9%)
Less poor 28 (49.1%) 6(33.3%) 22(56.4%) 5(10.6%) 0(0.0%) 5(17.2%)
Average 4(7.0%) 3(16.7%) 1(2.6%) 18 (38.3%) 8 (44.4%) 10 (34.5%)
Less wealthy 0(0.0%) 0(0.0%) 0(0.0%) 10(21.3%) 4(22.2%) 6(20.7%)
Wealthiest 4(7.0%) 0(0.0%) 4(10.3%) 11(23.4%) 5(27.8%) 6(20.7%)
Percent households living
below poverty line ($1.90/
day), n (%) 46 (80.7%) 12 (66.7%) 34 (87.2%) 40 (85.1%) 17 (94.4%) 23(79.3%)

soc; standard of care (control), int; intervention, SD; standard deviation, TPT; tuberculosis preventive therapy, HIV; human immunodeficiency virus

was reported by most of the households in both countries;
97% (55/57) in Cameroon and 100% (47/47) in Uganda.
A small proportion of households reported experiencing
COVID-19-related impact on care; 3.5% (2/57) in Cameroon
and 6.4% (3/47) in Uganda.

SENSITIVITY ANALYSES

Using the output-based approach to value time lost by care-
givers seeking care for their children increased indirect
costs, subsequently increasing total costs and the propor-
tion of households experiencing catastrophic costs. The
median household income loss (indirect cost) was ($0.00
[IQR; $0.00-266.13] in Cameroon and $40.98 [IQR;
$16.39-184.43] in Uganda (Table S1 and Figure S1 in the
Online Supplementary Document). This resulted in the
pooled total median household costs of ($54.55 [IOR;
$0.00-354.55] in Cameroon and $73.77 [IQR;
$24.64-296.72] in Uganda. The median costs were higher in
the control arm ($259.64 [IQR; $10.67-647.87] in Cameroon

and $107.06 [IQR; $41.86-311.89] in Uganda) compared to
the intervention arm ($25.09 [IQR; $0.00 -269.43] in
Cameroon and $40.98 [IQR; $16.39 -245.90] in Uganda).
The distribution of cost drivers when applying the output-
based approach is shown in (Figure S1 in the Online Sup-
plementary Document).

Using a threshold of 20% of household income and the
output-based approach, the proportion of households fac-
ing catastrophic costs due to TPT was 17% (95%CI; 7-38%)
in Cameroon and 16% (95%CI; 6-31%) in Uganda (Figure
3). In the disaggregated analysis, 38% (95%CI; 22-56%)
of households in Cameroon and 35% (95%CI; 19-53%) in
Uganda experienced catastrophic costs in the control arm
compared to 11% (95%CI; 5-18%) in Cameroon and 10%
(95%CI; 4-17%) in Uganda in the intervention. The pro-
portion of households experiencing catastrophic costs us-
ing the human capital approach ranged from 2-12% in
Cameroon and 0-11% in Uganda when the threshold for
catastrophic costs varied from 10 - 60% (Figure 4). Under
the output-based approach, the proportion of households
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Table 2. Model of care (health service use) and time lost seeking or accessing care for caregivers (hours). Time
lost seeking care represents opportunity costs (lost productivity) to caregivers.

Cameroon Uganda
Overall,N = Overall,N =
Characteristic 57 soc,N=18 int, N=39 47 soc,N=18 int, N=29
Model of care
Currently
hospitalised, n
(%) 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%)
Previously
hospitalised, n
(%) 8(14.0%) 4(22.2%) 4(10.3%) 0(0.0%) 0(0.0%) 0(0.0%)
Days
hospitalised,
Mean (SD) 0.46(2.69) 1.46(4.72) 0(0) 0(0) 0(0) 0(0)
Visits: Before
TPT initiation,
Mean (SD) 0.3(0.53) 0.28(0.57) 0.31(0.52) 0.15(0.55) 0.17(0.51) 0.14(0.58)
Visits: TPT
follow-up,
Mean (SD) 1.54(2.43) 4.87(1.52) 0(0) 1.85(2.97) 4.82(2.94) 0(0)
Visits: Total,
Mean (SD) 1.84(2.51) 5.15(1.81) 0.31(0.52) 2(3.01) 4.99(2.93) 0.14(0.58)
Time lost seeking care (parent/guardian), in hours
Hospitalisation,
Mean (SD) 0.46(2.69) 1.46 (4.72) 0(0) 0(0) 0(0.0%) 0(0.0%)
Medicine
administration,
Mean (SD) 11.96(8.47) 10.1 (4.5) 12.82(9.7) 18.29(14.57) 14.73(11.47) 20.49(15.99)
Treatment
follow-up,
Mean (SD) 4.08 (8.08) 12.91(9.71) 0(0) 8.38(14.74) 21.87(16.59) 0(0)
Total lost time,
Mean (SD) 12.11(8.93) 21.95(10.64) 7.58(0) 15.88(14.79) 29.45(16.59) 7.47(0.6)

soc; standard of care (control), int; intervention, SD; standard deviation, TPT; tuberculosis preventive therapy

facing catastrophic costs ranged from 2-37% in Cameroon
and 0-15% in Uganda.

DISCUSSION

This study demonstrated that households with child tuber-
culosis contacts evaluated for and initiated on TPT incur
some considerable economic costs and can experience cat-
astrophic costs and dissavings. Although the absolute val-
ues of these costs seem rather low, some households ex-
perienced catastrophic costs. Households included in this
study were already impoverished with the majority (80%)
living under the international poverty datum line, making
them especially vulnerable to even small shocks to their
household income able to push them further into poverty.
These findings have wider implications for these families
who may have had other expenditures related to the index
tuberculosis patient or other tuberculosis patients in the
same household.

The estimated costs were consistently lower in the in-
tervention suggesting the potential impact of community-
based interventions in reducing patient costs in these set-

tings. The intervention implemented in the CONTACT
study helped to reduce these costs by eliminating trans-
portation and food costs associated with visits to healthcare
facilities during TPT. A reduction or complete elimination
of patient costs, previously described as a likely access bar-
rier to care,1926 has the potential to improve TPT initia-
tion, adherence, and completion. Although the interven-
tion led to considerable cost reductions, these were not
enough to completely eliminate catastrophic expenditures,
suggesting that additional effort is required to refine the
current models of TPT delivery and social support. Current
evidence suggests that providing socio-economic support
for households affected by TB is likely to improve TPT out-
comes. A randomised controlled study from Peru?’ for an
intervention providing socio-economic support increased
tuberculosis preventive therapy initiation (adjusted odds
ratio, aOR:2.2; 95%CI: 1.1-4.1) and completion (unad-
justed OR: 1.6; 95%CI: 1.0-2.6) among contacts younger
than 20 years. Socio-economic interventions were associ-
ated with increases in preventive therapy initiation (from
39% to 88%); and preventive therapy completion (from 27%
to 87%) in a pre- and post-study among contacts younger
than 20 years in Peru.28
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Table 3. Estimated total costs borne by households with children on TPT, Median (IQR) patient costs (in United
States dollar, US$) — by model of care. Time lost seeking care by caregivers was valued using the human capital

approach.
Cameroon Uganda
Cost Overall,N = Overall,N =
category 57 soc,N=18 int, N=39 47 soc,N=18 int, N=29
Direct 6.15
medical 0(0-26.87) 15(0-88.64) 0(0-10.55) 0(0-5.6) (0-21.91) 0(0-0)
Direct non- 13.33 21.36
medical 0(0-5.45) (5-43.81) 0(0-0) 0(0-21.64) (12-58.79) 0(0-0)
57.72 27.73
Total direct 0(0-52.06) (9.82-233.57) 0(0-11.45) 0(0-28.58) (17.38-84.09) 0(0-0)
4.18 7.44 2.73 4.55 7.35 3.03
Total indirect (2.73-8.18) (5.61-15.06) (2.73-5.46) (3.03-7.35) (4.19-13.31) (1.52-4.55)
10.91 62.96 2.73 11.64 35.95 4.55
Grand total (2.73-54.79) (19.78-239.74) (2.73-14.18) (3.03-41.55) (29.03-91.26) (3.03-6.06)
soc; standard of care (control), int; intervention
E Control ‘ Intervention
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Figure 1. The distribution of total costs and cost categories (human capital approach) by treatment period.

Although costs to patients have previously been de-
scribed as a likely barrier to accessing care, studies estimat-
ing patient or household costs associated with TPT provi-
sion are limited. We found only one study that included the
costs to patients receiving tuberculosis preventive treat-
ment which found that a considerable proportion of the to-
tal costs of TPT provision is incurred by patients.!? On the
contrary, several studies for patients on anti-tuberculosis
treatment have consistently demonstrated that patients in-
cur high costs and a high proportion of patients experi-
ence catastrophic costs.! Results from 27 national surveys
on costs faced by patients on anti-tuberculosis treatment

and their families showed that the percentage facing cata-
strophic costs ranged from 13% to 92% and the pooled aver-
age, weighted for each country’s number of notified cases,
was 48% (95%CI: 36-61%).! In the context of our study
countries, the percentage of patients on anti-tuberculosis
treatment and their families facing catastrophic costs was
53% (95%CI: 43—-63%) in the Uganda national survey.2? The
results of the national survey in Cameroon are yet to be
published.

Like households with patients on anti-tuberculosis
treatment, households with children receiving TPT incur
direct medical costs despite the provision of “free tubercu-
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Figure 2. Mean total costs as a percentage of mean annual household income, by income-based wealth quintile.
The sample size per wealth quintile (number of households) is shown inside bars and the mean costs are shown

at the top of the bars.

losis care” services in these settings. Although tuberculosis
services are provided free of charge in these settings, some
patients may still pay out-of-pocket expenses for medical
care. In our study, these were mainly incurred before TPT
initiation (to rule out active tuberculosis disease) and in-
cluded consultation fees, investigations and medicines. Di-
rect medical costs in the control arm contributed 37% and
19% of the total costs in Cameroon and Uganda, respec-
tively. This contribution was reduced in the intervention
arm to 24% and 2% of the total costs in Cameroon and
Uganda, respectively. The higher percentage observed in
Cameroon resulted from 4 children who had been hospi-
talised and the generally higher costs reported for medical
costs before TPT and during TPT follow-up visits. These
findings further highlight the need for policies aiming to
reduce direct medical costs (for example consultations,
medicines, and laboratory fees) associated with accessing
tuberculosis care services.

Direct non-medical costs on transportation, food, and
nutritional supplements account for a substantial share of
the total costs for patients on anti-tuberculosis treatment
(51-80% in some countries).! In our study, non-medical
costs accounted for 32% and 55% of the total costs in the
control arm in Cameroon and Uganda, respectively. These

were substantially reduced to 1% and 11% in the inter-
vention in Cameroon and Uganda, respectively. The higher
contribution of non-medical costs in Uganda is likely a re-
flection of the increased transportation costs associated
with sustained COVID-19 restrictions implemented. Unlike
most surveys for patients on anti-tuberculosis treatment
which reported indirect costs (income loss) accounting for
a huge proportion of total costs (ranging from 44-77%),!
the contribution of indirect costs in our study was fairly
moderate (below 30% in the control arm and only increas-
ing to larger than 70% in the intervention due to a reduc-
tion in the contribution of direct medical and non-medical
costs). The differences in the proportional contribution of
indirect costs (income loss) are potentially due to differ-
ences in treatment duration as well as methodological dif-
ferences in their valuation. The longer treatment periods
associated with anti-tuberculosis treatment result in higher
time and income losses. In contrast, shorter TPT regimens
are now in use and all the children in our study were treated
for 3 months only, leading to lower indirect costs. We also
used the human capital approach, a conservative approach
to valuing time loss, resulting in the low to moderate indi-
rect costs we found.
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Figure 3. The proportion of households experiencing catastrophic costs estimated using different approaches.
The conservative approach uses only direct medical costs in the numerator for calculating the proportion of
households experiencing catastrophic costs; the dissaving approach uses information on coping strategies such
as borrowing (taking a loan), selling an asset (property or livestock), or using savings to the proportion of
households experiencing catastrophic costs; the human capital approach estimates indirect costs by multiplying
the time spent by caregivers seeking and receiving care for their children by the country’s minimum hourly wage;
the output-based approach estimates indirect costs (income loss) by measuring income change before and after
tuberculosis preventive therapy. The human capital approach was used in the primary analysis.

Our study has a number of potential limitations that
warrant discussion. All cost data were based on a cross-sec-
tion design, self-reporting, extrapolation and imputation of
costs, all of which are subject to potential biases. The in-
terviews were restricted to a single child and the current
month of TPT to reduce recall bias. Extrapolating costs for
all child contacts in the household based on data collected
for a single child contact assumes a similar resource use
pattern and is likely to overestimate costs. However, this
risk was reduced in part by restricting the extrapolation to
cost categories that are likely to scale with the volume of
child contacts (medical and non-medical). The methodol-
ogy we used only estimated the costs associated with the
current month of TPT therapy. Costs may be different de-
pending on the month of therapy and thus this approach
may have led to some over- or under-estimation of costs.
However, the authors felt that this was a reasonable trade-
off in order to decrease the risk of recall bias. Incorporat-
ing longitudinal designs39-32 and auditing receipts for pay-
ments in future studies could potentially reduce the impact
of these possible biases. Longitudinal survey designs re-
quire additional time and resources hence the cross-sec-
tional approach remains a more feasible option for most
settings.30

The small sample size limited the precision of our esti-
mates, but we feel this does not undermine the usefulness
of the results. Our preliminary estimates provide scope for
additional studies that may help to further confirm these
findings. Our analysis used self-reported income as a mea-
sure of living standard in the denominator for estimating
the incidence of catastrophic costs, which is hard to mea-
sure reliably in settings with large informal sectors as in
the two countries where our study was done. To assess the
impact of this choice, we also assessed income losses us-
ing the output-based approach in the sensitivity analysis
resulting in increases in costs and incidence of catastrophic
costs.

In our analysis, it was not possible to disentangle the
possible impacts of COVID-19 on healthcare seeking,
household income, and income losses. Although data col-
lection for this survey did not coincide with the COVID-19
pandemic-related lockdowns (27 March 2020 to 28 August
2020 in Cameroon and 18 June 2021 to 3 August 2021 in
Uganda), the pandemic could have impacted healthcare-
seeking and household income in ways we were not able
to quantify in this study. In particular, transport costs were
increased due to the reduction of passengers per transport
imposed by the restrictive measures. It was also not possi-
ble to isolate the effects of the index tuberculosis patients
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Table 4. Estimated total costs incurred by households with children on anti-tuberculosis treatment, Median
(IQR) patient costs (in US$, United States dollars) - by country and model of care. Time lost seeking care by
caregivers was valued using the human capital approach. TB; tuberculosis.

Cameroon Uganda
Overall, N Overall,N =
Characteristic =57 soc,N=18 int, N=39 47 soc,N=18 int, N=29
Coping mechanisms, n (%)
Taking a loan 15(26.3%) 9(50.0%) 6(15.4%) 15(31.9%) 13(72.2%) 2(6.9%)
Selling an asset 1(1.8%) 0(0.0%) 1(2.6%) 4(8.5%) 3(16.7%) 1(3.4%)
Any coping mechanism 15(26.3%) 9 (50.0%) 6(15.4%) 16 (34.0%) 13(72.2%) 3(10.3%)
Financial impact, n (%)
Richer 1(1.8%) 1(5.6%) 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%)
Unchanged 39 (68.4%) 11(61.1%) 28 (71.8%) 31(66.0%) 9 (50.0%) 22(75.9%)
Poorer 14 (24.6%) 4(22.2%) 10(25.6%) 16 (34.0%) 9 (50.0%) 7 (24.1%)
Much poorer 2(3.5%) 1(5.6%) 1(2.6%) 0(0.0%) 0(0.0%) 0(0.0%)
Missing 1(1.8%) 1(5.6%) 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%)
Social consequences, n (%)
Food insecurity 0(0.0%) 0(0.0%) 0(0.0%) 1(2.1%) 0(0.0%) 1(3.4%)
Interrupted schooling 2(3.5%) 1(5.6%) 1(2.6%) 2(4.3%) 1(5.6%) 1(3.4%)
Social exclusion 2(3.5%) 0(0.0%) 2(5.1%) 1(2.1%) 0(0.0%) 1(3.4%)
Job loss 1(1.8%) 1(5.6%) 0(0.0%) 3(6.4%) 3(16.7%) 0(0.0%)
Days of lost work 3(5.3%) 1(5.6%) 2(5.1%) 28 (59.6%) 11(61.1%) 17 (58.6%)
Any social
consequence 8(14.0%) 3(16.7%) 5(12.8%) 31(66.0%) 12(66.7%) 19 (65.5%)
COVID-19 impact on TPT care, n (%)
Missed TB preventive
therapy appointment 0(0.0%) 0 (0.0%) 0(0.0%) 2 (4.3%) 1(5.6%) 1(3.4%)
Limited or no access to
health facility 0(0.0%) 0(0.0%) 0(0.0%) 2(4.3%) 1(5.6%) 1(3.4%)
Treatment
interruption 2(3.5%) 0(0.0%) 2(5.1%) 3(6.4%) 1(5.6%) 2(6.9%)
Any impact on care 2(3.5%) 0(0.0%) 2(5.1%) 3(6.4%) 1(5.6%) 2(6.9%)
COVID-19 economic impact, n (%)
Job loss 13(22.8%) 5(27.8%) 8(20.5%) 4(8.5%) 2(11.1%) 2(6.9%)
Struggled to access
healthcare 1(1.8%) 0(0.0%) 1(2.6%) 1(2.1%) 1(5.6%) 0(0.0%)
Struggled financially 32(56.1%) 12 (66.7%) 20(51.3%) 3(6.4%) 3(16.7%) 0(0.0%)
Struggled to get food 18(31.6%) 4(22.2%) 14 (35.9%) 2(4.3%) 1(5.6%) 1(3.4%)
Any economic impact 55(96.5%) 18 (100.0%) 37 (94.9%) 47 (100.0%) 18 (100.0%) 29 (100.0%)

and/or multiple concurrent tuberculosis illnesses in the
same household on household income and income losses.
In light of these challenges, our primary analysis used the
human capital approach to value the reported time spent
by caregivers seeking and receiving care for their children.
This approach does not value productivity losses associated
with the care-seeking process which has previously been
reported to be substantial in the context of anti-tuberculo-
sis treatment.! Therefore, the cost estimates in our primary
analysis are conservative. However, this approach has the
added advantage of addressing equity issues around time
loss valuation using individual income information.33

We also evaluated coping behaviors which we also used
as an indicator of catastrophic costs. Our findings were con-
sistent with the primary analysis in showing that a sub-
stantial proportion of households experienced catastrophic
costs, although this was more pronounced when using the
output-based and dissavings approaches. These could re-
flect the interaction between the effects of the COVID-19
pandemic and single/multiple concurrent tuberculosis ill-
nesses in the household. Ideally, costs associated with the
provision of TPT should not be considered in isolation as
these other variables may have far much wider impacts
on household wealth, income losses and dissavings. Future
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Figure 4. The impact of using different thresholds to define and estimate catastrophic costs. CMR; Cameroon,

UGA; Uganda

studies could evaluate household costs associated with
both anti-tuberculosis treatment and TPT in the same
household to get the full impact.

CONCLUSIONS

Consistent with findings from national tuberculosis patient
surveys, households with child contacts initiated on TPT
incur considerable costs, despite the notion of ‘free tuber-
culosis services’. Although the community-based interven-
tions helped to reduce these costs, particularly for follow-
up visits at the facility, transportation, and food, these were
not enough to eliminate catastrophic costs. These findings
suggest the urgent need for policies that eliminate patient
costs associated with tuberculosis disease. Policies that op-
timise models of care and provide socio-economic support
to tuberculosis-affected families alongside healthcare care
services are urgently required and are likely to improve pa-
tient access to health facilities, case detection, TPT cover-
age and outcomes.
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