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Abstract 
Background: Patients with tuberculosis (TB) symptoms in low-resource 
settings face convoluted diagnostic and treatment linkage pathways, 
incurring substantial health-seeking costs. In the context of a 
randomised trial looking at the impact of novel diagnostics such as 
computer-aided chest x-ray diagnosis (CAD4TB), we aimed to 
investigate the costs incurred by patients seeking TB diagnosis and 
whether optimised diagnostic interventions could result in a reduction 
in the cost faced by households. 
Methods: PROSPECT was a three-arm randomised trial conducted in a 
public primary health clinic in Blantyre, Malawi during 2018-2019 (trial 
arms: standard of care [SOC]; HIV testing [HIV]; HIV testing and 
CAD4TB [HIV/TB]). The direct and indirect costs incurred by 219 
PROSPECT participants over the 56-day follow-up period were 
collected. Costs were deemed catastrophic if they exceeded 20% of 
annual household income. We compared mean costs and used 
generalised linear regression models to examine whether the 
interventions could result in a reduction in total costs. 
Results: The mean total cost incurred by all 219 participants was 
US$12.11 (standard error (SE): 1.86). The indirect and direct cost was 
US$8.47 (SE: 1.66) and US$3.64 (SE: 0.38), respectively. The mean total 
cost composed of 5.6% of the average annual household income. In 
total, 5% (9/180) of the participants with complete income data 
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incurred catastrophic costs. Compared to SOC, there was no 
statistically significant difference in the mean total cost faced by those 
in the HIV (ratio: 0.77, 95% CI: 0.51, 1.19) and HIV/TB arms (ratio: 0.85, 
95% CI: 0.53, 1.37). 
Conclusions: Despite the absence of user fees, patients seeking 
healthcare with TB symptoms incurred catastrophic costs. The 
optimised TB diagnostic interventions that were investigated in the 
PROSPECT study did not significantly reduce costs. TB diagnosis 
interventions should be implemented alongside social protection 
policies whilst ensuring healthcare facilities are accessible by the poor.

Keywords 
Tuberculosis, diagnostics and tools, health economics, catastrophic 
costs
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Introduction
Despite the current achievements made in reducing the burden 
of tuberculosis (TB), it continues to be a major public health 
problem and one of the leading causes of death world-wide1.  
During 2019, approximately 10 million new cases of TB and 
1.4 million TB-related deaths occurred globally1. Low- and 
middle-income countries (LMICs) carry a substantial pro-
portion of this burden, with at least 25% of all new TB cases  
occurring in Africa alone1.

Early diagnosis and treatment can substantially ease the cur-
rent TB disease burden. Ensuring early diagnosis and prompt 
initiation of treatment can reduce TB transmission and improve 
individual health outcomes whilst reducing disability2–5.  
However, the effectiveness of TB diagnostic interventions in 
health systems are limited as poverty and high out of pocket 
expenditure are barriers to patients seeking TB diagnosis and  
treatment in LMICs6–8.

Malawi is a low-income country and is among the 30 countries 
listed as having a high TB/HIV burden9. The public sec-
tor is the largest healthcare provider in Malawi, providing  
approximately 60% of healthcare services, the rest are pro-
vided by the private sector10. TB care is provided free of charge 
through national treatment programmes. However, due to  
resource constraints and a heavy disease burden, the TB diag-
nosis and treatment pathways are characterised by suboptimal 
diagnostic tests and convoluted treatment linkage11,12. Not only 
does this lengthen the time to diagnosis, it leads to substan-
tial care-seeking costs as patients undergo multiple visits to  
health facilities and endure extensive waiting times12–15.

Studies conducted in Malawi and other sub-Saharan African  
countries have shown that the costs incurred from seeking a  
diagnosis and the cost of treatment can become catastrophic  
for a substantial proportion of households9,14,16–19. Costs are  
considered catastrophic once they exceed 20% of the patient’s 
annual household income20. The elimination of catastrophic 
costs associated with TB is among the targets set for the year 
2020 in the End TB strategy21. This, however, is unlikely to have 
been achieved as by the end of 2019, the average proportion  
of TB-affected households facing catastrophic costs was 49%1.

Research efforts towards the identification and develop-
ment of interventions that can optimise the TB diagnostic and 
treatment pathways are urgently required21. Alongside this,  
there is a need to investigate whether such interventions can 
lead to reductions in the costs faced by patients seeking care. 
The PROSPECT trial (NCT03519425), was an open, three-arm  
pragmatic randomised trial, recently conducted in Malawi22. Its 
primary aim was to investigate the effectiveness of optimised 
HIV and TB diagnosis, and linkage to care interventions in  
reducing time to TB treatment initiation.

By surveying participants recruited to the PROSPECT trial, we 
aimed to investigate the costs faced by patients when seeking 
care with TB symptoms in Blantyre, Malawi. As the HIV and  
TB diagnostic interventions investigated in the PROSPECT  

trial aimed to reduce time to TB treatment initiation, we  
hypothesised that these interventions could result in a reduction  
in the total costs faced by households.

Methods
Study design
PROSPECT was an open, three-arm, pragmatic randomised 
trial investigating the impact of novel diagnostic and linkage 
to care interventions on improving the effectiveness of TB and  
HIV diagnosis and treatment22. We surveyed a consecutive 
sample of individuals participating in the PROSPECT trial 
to estimate the direct medical, direct non-medical and indi-
rect costs incurred by those accessing healthcare services with  
TB symptoms.

Study site and participants
The study took place at the Bangwe Health Centre in Blantyre, 
Malawi. Bangwe Health Centre is a public primary health 
care clinic located in a densely populated peri-urban area of 
Blantyre. Adult TB prevalence in Blantyre is estimated to  
be 900 per 100,000 adults23. TB diagnostic services at the clinic 
follow standard Malawi Ministry of Health guidelines24. TB 
treatment is provided at the clinic using standard TB regi-
mens. Under routine care conditions, patients with presump-
tive TB are investigated by sputum smear microscopy and/or  
GeneXpert MTB/Rif. There are no physicians at the study 
clinic; all care is provided by clinical officers and nurses.  
There are no user fees at the clinic.

Patients that were seeking care from Bangwe Health Centre 
and were at least 18 years old, with a cough of any duration, 
and not taking TB treatment or isoniazid preventative therapy  
were eligible for recruitment to the PROSPECT Study. These 
participants were randomly allocated in a 1:1:1 ratio into one 
of three trial groups: standard of care (SOC arm); optimised 
HIV screening and linkage to care (HIV arm); and optimised  
TB and HIV screening and linkage to care (HIV/TB arm).

Study procedures have been described previously22. In brief, 
participants in the SOC arm underwent clinician-directed  
TB and HIV screening and linkage to care, without input from 
the study team. In the HIV arm, participants were offered 
oral HIV testing, confirmatory study finger-prick HIV testing  
and linkage to antiretroviral therapy (ART) treatment  
services, with TB screening directed by the routine clinic sys-
tem without further input from the study team. In addition 
to the HIV testing intervention, participants in the HIV/TB 
arm received TB screening using digital chest x-ray (DCXR),  
interpreted by computer-aided diagnosis software (CAD4TB 
v5). Participants with DCXRs showing a high probability of 
TB (CAD4TB score ≥45) had a sputum sample collected, 
which was tested at the study clinic using GeneXpert MTB/
Rif; those with microbiologically confirmed TB were linked  
to clinic TB treatment services.

Between 12th February 2019 and 16th September 2019, cost 
data were collected from 219 consecutive PROSPECT trial  
participants during their outcome assessment visits at Bangwe 
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Health Centre, conducted approximately on the 56th day after 
recruitment. Due to time and resource constraints, this was  
a convenience sample.

Data collection
An interviewer-administered questionnaire25, adapted from the 
STOP TB patients’ cost tool26, was used to estimate the direct 
medical, direct non-medical and indirect costs incurred by par-
ticipants and their household members when accessing TB  
diagnostic and medical services during the 56 day PROSPECT  
follow-up period. Information was obtained on the direct and 
indirect costs incurred from accessing healthcare services deliv-
ered at the study clinic, any government hospital that they  
attended and were admitted to, and through any private  
healthcare provider. Private healthcare providers included pri-
vate clinics, pharmacies, and traditional healers. For all health-
care provider visits, we recorded the number of visits made, 
time spent travelling to and waiting at the facility, and any  
out-of-pocket expenditures (transport costs, food etc). Informa-
tion on the amount of time the patient and guardian stopped  
taking part in any income generating activities due to the 
patient’s illness or care-seeking activities was also systematically  
recorded.

As self-reported expenditure was used, this study was sub-
ject to recall bias. However, the extent of this was minimised as 
the period under evaluation was restricted to the PROSPECT  
trial’s study period, 56 days. Moreover, all questions were  
delivered in the local language, and care was taken to ensure  
participants fully understood the question. Additionally, 
each participant was questioned the same way, regardless of  
intervention group, to avoid responses being influenced.

Costs and data analysis
Data were analysed using Stata v14 (College Station, Texas, 
US). All monetary variables were converted from the Malawian 
Kwacha (MWK) to the United States Dollar (US$) using the  
market exchange rate as of the 12th of February 2019 as  
determined by the Reserve Bank of Malawi (MWK739.8089/
US$127).

We estimated direct medical, direct non-medical and indirect 
costs. Direct medical costs consisted of any charges incurred  
when seeking care from a private healthcare provider. Malawians 
do not pay to access government health services. Although, 
it is possible that patients accessing these services may incur 
informal or under-the-counter medical charges, these costs 
were not included28. Direct non-medical costs included out of 
pocket costs (e.g. transportation, food) incurred whilst seeking  
care29,30. To estimate the indirect cost, the human capi-
tal approach was used. This entailed valuing the patient’s or  
guardian’s time with their estimated productive output, based on 
their pre-illness reported income29. Income groups were created 
by categorising participants into income terciles based on their  
annual household income (low, middle, and high income).

Descriptive statistics were used to summarise the data and to 
determine the distribution of key participant characteristics  

within each trial arm. We used the arithmetic mean and stand-
ard error to summarise the direct and indirect costs incurred 
by participants31,32. The mean costs were stratified by patient  
characteristics and trial arms.

We calculated the mean difference in direct and indirect 
costs between the intervention arms and the standard of care. 
As the cost data was skewed, we used non-parametric boot-
strap methods to derive 95% confidence intervals for the mean  
cost differences between categories31,33. Additionally, we  
calculated the percentage of participants whose households’  
experienced catastrophic care-seeking costs. Participants were 
considered to have catastrophic costs if their total costs exceeded  
20% of their annual household income20,30,34. Catastrophic costs 
were calculated for those with complete household income data. 
Including those without complete household income data would 
lead to an overestimation of the proportion of participants fac-
ing catastrophic costs, as their household income may have 
been underestimated. We assumed that the missing data was  
missing completely at random.

Generalised linear regression models (GLM) with a gamma dis-
tribution and log link were used to investigate the association 
between trial interventions and the total cost incurred. Using 
GLMs we examined whether the costs varied by patient charac-
teristics with the likelihood ratio test. The modified Park test  
was used to ensure the models were specified appropriately35–37.

Ethical approval
Ethical approval was received from the University of  
Malawi- College of Medicine Research Ethics Committee 
and from the Ethics Review Board of the Liverpool School of 
Tropical Medicine. All participants provided written informed 
consent. If illiterate, participants were asked to provide a  
witnessed thumbprint.

Results
Of the 1320 participants that completed the PROSPECT  
trial’s 56 day follow up period, 219 participants were recruited 
to this study38. The main reasons for non-participation  
included the study’s time and resource constraints. Aside from 
age, individuals included in the study did not differ from the 
PROSPECT participants that did not take part in our study  
(Table 1).

Table 2 shows participant characteristics stratified by trial arm. 
Of the 219 participants, just over half were female (52.5%).  
Across the three arms, most of the participants were below the 
age of 35 years. A large proportion (71.7%) took part or had 
taken part in an income generating activity during the 12 months 
prior to this study. Additionally, 62.6% of the participants’ 
households had more than one income earner. Median house-
hold income was US$51.36 (IQR: US$27.03, US$81.10) per  
month.

During the PROSPECT trial’s 56 day follow up period, three 
(1.4%) out of the 219 participants were admitted into a health 
facility and five (2.3%) participants had initiated TB treatment.  

Page 4 of 13

Wellcome Open Research 2021, 6:153 Last updated: 02 JUL 2021

https://www.stata.com/


Table 1. Characteristics of PROSPECT’s participants that completed follow up by whether they participated in this 
study.

Characteristic Total 
N=1320

Participated 
N=219 
(16.6%)

Did not 
participate 

N=1,101 
(83.4%)

P-value

Sex Male 578 (43.8%) 104 (18.0%) 474 (82.0%)
0.23

Female 742 (56.2%) 115 (15.5%) 627 (84.5%)

Age in years 18–24 394 (29.9%) 58 (14.7%) 336 (85.3%)

0.02
25–34 393 (29.8%) 76 (19.3%) 317 (80.7%)

35–44 291 (22.1%) 35 (12.0%) 256 (88.0%)

≥45 242 (18.3%) 50 (20.7%) 192 (79.3%)

Marital status Single (never married) 205 (15.7%) 32 (15.6%) 173 (84.4%)

0.44
Married/cohabiting 893 (68.2%) 148 (16.6%) 745 (83.4%)

Separated/ divorced 137 (10.5%) 29 (21.2%) 108 (78.8%)

Widower/ widow 74 (5.7%) 10 (13.5%) 64 (86.5%)

Education Never been to school 157 (11.9%) 20 (12.7%) 137 (87.3%)

0.29
Primary school 610 (46.2%) 113 (18.5%) 497 (81.5%)

Attended secondary school (no MSCE) 357 (27.1%) 56 (15.7%) 301 (84.3%)

Has at least an MSCE 196 (14.9%) 30 (15.3%) 166 (84.7%)

HIV status at baseline HIV positive 262 (19.9%) 38 (14.5%) 224 (85.5%)

0.34HIV negative 968 (73.3%) 162 (16.7%) 806 (83.3%)

Never tested 90 (6.8%) 19 (21.1%) 71 (78.9%)

Trial arm SOC 420 (31.8%) 73 (17.4%) 347 (82.6%)

0.87Optimised HIV screening 450 (34.1%) 73 (16.2%) 377 (83.8%)

Optimised HIV & TB screening 450 (34.1%) 73 (16.2%) 377 (83.8%)
Refers to the participants that completed the PROSPECT trial’s 56 day follow up period (N=1320).

SOC: Standard of care

HIV: Human Immunodeficiency Virus

TB: Tuberculosis

On average, participants made 1.63 (SD: 0.91) visits to a  
healthcare provider.

Patient costs across all trial arms
The mean total cost incurred by all participants seeking diag-
nostic care for TB symptoms during the PROSPECT study  
follow-up period was US$12.11 (SE:1.86) (Table 3). Overall, 
the mean total direct cost was US$3.64 (SE:0.38) and the mean 
indirect cost was US$8.47 (SE:1.66). On average, men incurred 
higher total costs (US$14.90, SE:3.34) compared to women  
(US$9.58, SE:1.83, p=0.001). Costs were also shown to vary 
with age (p<0.001). Participants aged between 25 and 44 

years faced the highest indirect cost (US$14.07, SE:5.84) and  
total cost (US$16.61, SE:5.97) compared to other age groups. 
The total cost also varied by education (p<0.001) and income 
(p<0.001) levels. Participants that have never been to school 
had the lowest cost (US$8.00, SE:2.46) and costs increased  
with increasing income group.

Patient costs in the SOC arm
Shown in Table 4 are the mean total cost faced by participants 
under the SOC arm, which was US$13.18 (SE:2.79). These par-
ticipants incurred direct costs amounting to US$4.29 (SE:0.74)  
and an indirect cost of US$8.90 (SE:2.54).
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Table 2. Participant characteristics.

Characteristic Total 
N=219

Standard of care 
N=73

Optimised HIV 
screening 

N= 73

Optimised HIV & 
TB screening 

N=73

Sex Male 104 (47.5%) 34 (46.6%) 34 (46.6%) 36 (49.3%)

Female 115 (52.5%) 39 (53.4%) 39 (53.4%) 37 (50.7%)

Age in years 18–24 58 (26.5%) 23 (31.5%) 20 (27.4%) 15 (20.6%)

25–34 76 (34.7%) 21 (28.8%) 30 (41.1%) 25 (34.3%)

35–44 35 (16.0%) 13 (17.8%) 9 (12.3%) 13 (17.8%)

≥45 50 (22.8%) 16 (21.9%) 14 (19.2%) 20 (27.4%)

Marital status Single (never 
married)

32 (14.6%) 11 (15.1%) 12 (16.4%) 9 (12.3%)

Married/cohabiting 148 (67.6%) 51 (69.9%) 47 (64.4%) 50 (68.5%)

Separated/ divorced 29 (13.2%) 7 (9.6%) 11 (15.1%) 11 (15.1%)

Widower/ widow 10 (4.6%) 4 (5.5%) 3 (4.1%) 3 (4.1%)

Education Never been to school 20 (9.1%) 4 (5.5%) 9 (12.3%) 7 (9.6%)

Primary 113 (51.6%) 37 (50.7%) 33 (45.2%) 43 (58.9%)

Attended secondary 
school (no MSCE)

56 (25.6%) 21 (28.8%) 20 (27.4%) 15 (20.6%)

Has at least an MSCE 30 (13.70%) 11 (15.1%) 11 (15.1%) 8 (11.0%)

Takes part in an 
income generating 
activity 

157 (71.7%) 50 (68.5%) 57 (78.1%) 50 (68.5%)

Mean household size 
(SD)

4.4 (2.1) 4.8 (2.2) 4.2 (1.9) 4.3 (2.0)

Households with >1 
income earner 

137 (62.6%) 48 (65.8%) 41 (56.2%) 48 (65.8%)

Median monthly 
household income - 
2019 US Dollars (IQR)*

51.36 (27.03, 81.10) 51.91 (27.03, 81.10) 54.07 (33.79, 91.92) 40.55 (16.22, 81.10)

HIV status at baseline 

HIV positive 38 (17.4%) 10 (13.7%) 14 (19.2%) 14 (19.2%)

HIV negative 162 (74.0%) 57 (78.1%) 52 (71.2%) 53 (72.6%)

Never tested 19 (8.7%) 6 (8.2%) 7 (9.6%) 6 (8.2%)

Admitted to a 
health facility during 
PROSPECT follow up

3 (1.4%) 1 (1.4%) 1 (1.4%) 1 (1.4%)

Initiated TB treatment 
during PROSPECT trial 
follow up

5 (2.3%) 2 (2.7%) 1 (1.4%) 2 (2.7%)

HIV: Human Immunodeficiency Virus

TB: Tuberculosis

SD: Standard deviation

US Dollars: United States Dollars

MSCE: Malawi School Certificate of Education (attained after completing secondary school)

IQR: Interquartile range

*US$1= Malawi Kwacha 739.8089 as of 12/02/19

39 participants had missing income data.
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Table 3. Costs associated with seeking TB diagnostic care by participant characteristics (2019 US Dollars).

Characteristic Mean 
direct 

medical 
cost (SE)

Mean 
direct non-

medical 
cost (SE)

Mean total 
direct cost 

(SE)

Mean 
indirect 
cost (SE)

Mean 
total cost 

(SE)

P-value* 
(calculated 

for mean total 
cost)

All participants 1.00 (0.13) 2.64 (0.32) 3.64 (0.38) 8.47 (1.66) 12.11 (1.86)

Sex Male 0.80 (0.17) 2.44 (0.39) 3.24 (0.44) 11.67 (3.08) 14.90 (3.34)

Female 1.18 (0.19) 2.83 (0.50) 4.01 (0.60) 5.57 (1.44) 9.58 (1.83) 0.001

Age (years) 18–24 1.12 (0.25) 2.45 (0.40) 3.57 (0.53) 4.51 (1.13) 8.08 (1.42)

25–34 1.11 (0.23) 3.90 (0.81) 5.01 (0.91) 11.24 (3.68) 16.25 (4.30)

35–44 1.04 (0.41) 1.49 (0.29) 2.54 (0.53) 14.07 (5.84) 16.61 (5.97)

≥45 0.67 (0.21) 1.75 (0.37) 2.42 (0.49) 4.91 (1.50) 7.33 (1.62) <0.001

Marital status Single (never married) 0.96 (0.33) 3.55 (1.14) 4.51 (1.37) 8.09 (4.06) 12.59 (5.32)

Married/cohabiting 1.07 (0.17) 2.61 (0.39) 3.69 (0.46) 9.13 (2.21) 12.81 (2.43)

Separated/ divorced 0.82 (0.31) 2.02 (0.44) 2.84 (0.58) 5.08 (1.81) 7.92 (1.96)

Widower/ widow 0.57 (0.35) 1.96 (0.66) 2.53 (0.96) 9.71 (7.39) 12.24 (7.15) 0.16

Education Never been to school 0.66 (0.35) 2.22 (0.56) 2.88 (0.81) 5.12 (2.31) 8.00 (2.46)

Primary school 0.93 (0.18) 1.96 (0.25) 2.90 (0.34) 5.67 (1.27) 8.56 (1.38)

Attended secondary 
school (no MSCE)

1.01 (0.24) 3.82 (0.94) 4.83 (1.01) 13.62 (5.34) 18.46 (5.86)

Has at least an MSCE 1.46 (0.44) 3.28 (1.15) 4.73 (1.40) 11.6 (4.52) 16.33 (5.75) <0.001

Total annual 
household 
income 

Lowest tertial 0.90 (0.19) 2.35 (0.57) 3.25 (0.64) 2.70 (1.07) 5.96 (1.34)

Middle tertial 0.93 (0.22) 2.50 (0.44) 3.43 (0.55) 7.00 (2.41) 10.43 (2.63)

Highest tertial 1.19 (0.28) 3.11 (0.65) 4.30 (0.76) 16.44 (4.29) 20.74 (4.84) <0.001
Direct medical costs included any charges incurred when seeking care from a private healthcare provider.

Direct non-medical costs consisted of transport, food, and other costs non-related to medical care

US Dollars: United states dollars

US$1= MWK739.8089 as of 12/02/19

SE: Standard error

MSCE: The Malawi School Certificate of Education (attained after completing secondary school)

*likelihood ratio test

39 participants had missing income data.

Patient costs in the intervention arms
Participants in the HIV arm incurred a mean total cost of 
US$10.76 (SE:2.56). This was composed of a total direct 
cost amounting to US$3.55 (SE:0.68) and an indirect cost of  
US$7.21 (SE:2.01). With regards to the HIV/TB arm, the mean 
total cost was US$12.38 (SE: 4.13). The mean total direct and 
indirect cost amounted to US$3.09 (SE:0.52) and US$9.28  
(SE:3.79) (Table 4).

Composition of costs
Across all intervention groups, a large proportion of the aver-
age total cost was composed of indirect costs (69%). The indi-
rect cost composed 67.5%, 67.0%, and 75.0% of the total cost 
in the SOC, HIV and HIV/TB arms, respectively. Among the 
direct costs, transportation costs accounted for the greatest 
share of the total cost (SOC arm: 15.7%; HIV arm: 18.8%; and  
HIV/TB arm: 13.9%) (Figure 1 & Figure 2).
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Table 4. Costs associated with seeking TB diagnostic care by intervention arm (2019 US Dollars).

Mean (SE) Mean difference (95% CI) *

SOC HIV HIV/TB HIV vs SOC HIV/TB vs SOC.

Direct medical cost $1.34 (0.27) $0.80 (0.19) $0.86 (0.21) -0.54 (-1.17, 0.09) -0.48 (-1.14, 0.18)

Direct non-medical cost $2.95 (0.63) $2.75 (0.55) $2.23 (0.47) -0.20 (-1.84, 1.44) -0.72 (-2.27, 0.84)

Total direct cost $4.29 (0.74) $3.55 (0.68) $3.09 (0.52) -0.74 (-2.62, 1.14) -1.20 (-2.87, 0.49)

Indirect cost $8.90 (2.54) $7.21 (2.01) $9.28 (3.79) -1.69 (-8.15, 4.78) 0.38 (-8.64, 9.41)

Total cost $13.18 (2.79) $10.76 (2.56) $12.38 (4.13) -2.42 (-9.75, 4.90) -0.80 (-10.81, 9.20)
Direct medical costs included any charges incurred when seeking care from a private healthcare provider.

Direct non-medical costs consisted of transport, food, and other costs non-related to medical care.

US Dollars: United States DollarsUS$1= Malawi Kwacha 739.8089 as of 12/02/19

SOC: Standard of care arm

HIV: Optimised Human Immunodeficiency Virus (HIV) screening and linkage to care arm.

HIV/TB: Optimised tuberculosis (TB) and HIV screening and linkage to care arm.

SE: Standard error

CI: Confidence interval*Bootstrapped estimate

Figure 1. Average costs by trial arm. SOC: Standard of care arm HIV: Optimised Human Immunodeficiency Virus (HIV) screening and 
linkage to care arm. HIV/TB: Optimised tuberculosis (TB) and HIV screening and linkage to care arm. US$: United States Dollar US$1= Malawi 
Kwacha 739.8089 as of 12/02/19.

Comparison of costs
Compared to the SOC arm, the total cost faced by participants 
seeking healthcare for TB related symptoms was US$2.42 lower 

(95% CI: -US$9.75, US$4.90) in the HIV arm, and US$0.80  
lower (95% CI: -US$10.81, US$9.20) in the HIV/TB arm. 
In comparison to the SOC arm, total direct costs were 

Page 8 of 13

Wellcome Open Research 2021, 6:153 Last updated: 02 JUL 2021



Figure 2. Composition of costs by trial arm. SOC: Standard of care arm HIV: Optimised Human Immunodeficiency Virus (HIV) screening 
and linkage to care arm. HIV/TB: Optimised tuberculosis (TB) and HIV screening and linkage to care arm. US$: United States Dollar US$1= 
Malawi Kwacha 739.8089 as of 12/02/19.

US$0.74 (95%CI: -US$2.62, US$1.14) lower in the HIV arm  
and US$1.20 (95% CI: -US$2.87, US$0.49) lower in the HIV/
TB arm. Indirect costs were US$1.69 (95% CI: -US$8.15, 
US$4.78) lower for those in the HIV arm compared to the 
SOC arm. The indirect cost faced by participants in the HIV/
TB arm was slightly higher (US$0.38, 95% CI: -US$8.64,  
US$9.41) than the SOC arm (Table 4).

Illustrated in Table 5, both models show that the participants  
who received optimised diagnostic interventions faced lower 
costs as compared to the current standard of care. In the fully 
adjusted model, adjusting for age, sex, marital status, educa-
tion, income and HIV status, the mean total cost under the HIV  
arm was 23% (ratio: 0.77, 95% CI: 0.51, 1.19) lower than the 
SOC arm, although this difference was not statistically sig-
nificant (p=0.24). The mean total cost incurred by those in the 
HIV/TB arm was 15% (ratio:0.85, 95%CI: 0.53, 1.37) lower  
than the SOC arm (p=0.51).

Economic burden and catastrophic costs
Of the 180 participants with complete household income data, 
the total cost comprised 5.6% of participants’ average annual 
household income. In this study, nine (5.0%) participants 
incurred catastrophic costs (Table 6). Within each group, three  
(4.8%), three (5.1%), and three (5.1%) participants in the SOC 
arm, HIV arm and HIV/TB arm experienced catastrophic 
costs, respectively. Women carried a higher economic burden 

as 8.3% of their income was taken up by care-seeking costs,  
for men this was 3.0%. The economic burden was also higher 
among those aged 45 years and over (11.1%) as compared 
to other age groups. Those with a primary education faced 
a higher burden with costs being 7.7% of annual household 
income. The economic burden faced by patients decreased with 
increasing income, with the lowest income group facing the  
greatest burden (15.1%).

Discussion
Within the context of a three-arm randomised trial of novel 
TB diagnostics in Malawi, we set out to investigate the costs 
faced by patients when seeking care with TB symptoms and 
whether optimising the diagnostic pathway would reduce  
these costs. The main finding was that participants seek-
ing diagnosis and care with TB symptoms incurred substan-
tial costs, with 5.0% of participants incurring catastrophic costs.  
Within the SOC arm, 4.8% of participants had costs that were 
catastrophic. This is despite the absence of user fees and  
healthcare services being provided for free in primary health-
care facilities in Malawi. Although the costs incurred under 
the optimised diagnostic interventions were slightly lower 
than the current standard of care, the differences were not  
statistically significant.

According to existing literature, optimising the diagnos-
tic pathway to reduce the time to diagnosis and treatment 
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Table 5. Multivariable analysis exploring the relationship between trial 
arm and mean total cost.

Model 1 Model 2 

Trial arm Ratio of mean total 
cost (95% CI) 

P-value Ratio of mean total 
cost (95% CI) 

P-value 

SOC Ref - - Ref - -

HIV 0.82 (0.50, 1.35) 0.44 0.77 (0.51, 1.19) 0.24

HIV/TB 0.82 (0.47, 1.45) 0.50 0.85 (0.53, 1.37) 0.51
Model 1: adjusted for age and sex.

Model 2: additionally, adjusted for marital status, educational attainment, total household 
income tertial and HIV status at baseline.

SOC: Standard of care arm

HIV: Optimised Human Immunodeficiency Virus (HIV) screening and linkage to care arm.

HIV/TB: Optimised tuberculosis (TB) and HIV screening and linkage to care arm.

CI: Confidence interval; Ref: reference category

Findings from generalized linear models with gamma distribution and log link.

initiation should lead to a reduction in the costs faced by 
patients as the number of visits required to obtain a diagnosis  
reduces13–15,39. The lack of evidence for this association in this 
study may be due to the participants making approximately 
two visits to a healthcare provider, on average. This is further 
compounded by most of the participants not being diagnosed  
with TB (97.7%), as these patients do not require multiple vis-
its to healthcare providers as compared to those diagnosed with 
TB disease. Altogether, this meant that the interventions exam-
ined in this study had a limited impact on the income loss from 
spending time seeking healthcare, and the cost of transport  
of which were the main cost drivers found in this study.

However, given that most patients did not have TB dis-
ease, the substantial care-seeking costs further substantiates 
the need for optimised diagnostic interventions to reduce the 
time and healthcare visits taken to obtain a diagnosis and ini-
tiate treatment In line with previous studies conducted in  
sub-Saharan Africa14–16,40–42, this study found that a large pro-
portion (69.9%) of the total cost was due to income loss.  
For patients with TB disease, these costs can be detrimen-
tal as they often undergo extensive waiting times and multiple  
visits to healthcare providers when seeking diagnosis and  
treatment. The direct medical expenses that can be incurred 
have been minimised by the public health services in Malawi 
being provided free of charge; and most patients not seek-
ing additional healthcare from private health facilities. There-
fore, efforts should be made towards minimising the income 
losses by patients with TB disease through reducing the time and  
number of visits needed to obtain a diagnosis.

A large share of the direct cost was the cost of transport. This 
has also been shown in previous studies and is seen as an indi-
cation of TB diagnostic services not being easily accesible13,14,39.  

Although optimising the TB diagnostic and treatment path-
ways may reduce the costs incurred from transportation as 
fewer visits are made before receiving a diagnosis, the effec-
tiveness of these interventions may be limited if healthcare  
services are inaccessible to most Malawians. This implies that 
alongside optimising the TB diagnostic pathway, efforts towards 
ensuring universal access to healthcare should be put in place. 
Such solutions can include community-based interventions.  
Aside from increasing coverage of TB health services, previ-
ous studies have shown that such interventions can reduce the 
costs faced by patients43,44. This is primarily due to these inter-
ventions bringing services closer to the community therefore 
inducing savings on transportation costs and possible user from  
private health facilities44.

Alongside optimised diagnosis pathways, social protec-
tion interventions should be put in place. The findings of this 
study show that similar proportions (4.8% to 6.8%) of patients 
incurred catastrophic costs regardless of intervention group. 
Additionally, the economic burden faced by patients varied by  
socio-demographic characteristics revealing that certain groups 
are more vulnerable to impoverishment. Of importance,  
it was demonstrated that despite having lower costs, those in 
the lowest income group faced the highest economic burden. 
Moreover, this group had the highest proportion of individu-
als facing catastrophic costs. This has also been demonstrated in 
previous studies conducted in Malawi’s rural areas as the pro-
portion of income consumed by care-seeking costs rose with  
decreasing wealth16. This is similarly shown among women, 
as although having lower costs as compared to men, their eco-
nomic burden was much higher. The high economic burden 
experienced by these groups is regardless of healthcare being 
provided free of charge and costs being comparably lower. This 
signifies the need for social protection policies that can ease 
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Table 6. Average economic burden and catastrophic costs by trial arm and patient characteristics.

Number of 
participants

*Annual 
household 
income (SE)

Average 
Economic 

burden

Catastrophic 
costs

All participants 180 (100%) 801.52 (53.92) 5.6% 9 (5.0%)

Trial arm SOC 62 (34.4%) 833.69 (82.87) 4.0% 3 (4.8%)

HIV 59 (32.8%) 781.28 (93.14) 6.3% 3 (5.1%)

HIV/TB 59 (32.8%) 787.98 (105.25) 6.7% 3 (5.1%)

Sex Male 90 (50%) 921.11 (70.18) 3.0% 2 (2.2%)

Female 90 (50%) 681.94 (80.30) 8.3% 7 (7.8.%)

Age (years) 18–24 41 (22.8%) 927.19 (131.64) 1.0% 0

25–34 69 (38.3%) 892.83 (95.97) 3.3% 1 (1.5%)

35–44 29 (16.1%) 724.87 (107.86) 10.0% 4 (13.8%)

≥45 41 (22.8%) 576.42 (74.57) 11.1% 4 (9.8%)

Marital status Single (never married) 19 (10.6%) 1266.25 (267.36) 0.8% 0

Married/cohabiting 129 (71.7%) 830.52 (57.31) 2.6% 2 (1.6%)

Separated/ divorced 23 (12.8%) 382.45 (84.98) 19.0% 4 (17.4%)

Widower/ widow 9 (5.0%) 475.80 (172.0) 26.1% 3 (33.3%)

Education Never been to school 16 (8.9%) 560.11 (111.78) 7.6% 1 (6.3%)

Primary 97 (53.9%) 686.34 (56.47) 7.7% 6 (6.2%)

Attended secondary 
school (no MSCE)

43 (23.9%) 932.79 (146.62) 2.7% 2 (4.7%)

Has at least an MSCE 24 (13.3%) 1192.81 (167.68) 1.2% 0

Total annual 
household 
income 

Lowest tertial 55 (30.6%) 226.97 (19.24) 15.1% 8 (14.5%)

Middle tertial 69 (38.3%) 620.63 (14.14) 1.6% 1 (1.5%)

Highest tertial 56 (31.1%) 1588.70 (108.89) 1.3% 0
* US$1= MWK739.8089 as of 12/02/19

SOC: Standard of care arm

HIV: Optimised Human Immunodeficiency Virus (HIV) screening and linkage to care arm.

HIV/TB: Optimised tuberculosis (TB) and HIV screening and linkage to care arm.

SE: Standard Error

MSCE: Malawi Secondary Certificate of Education

the financial burden faced by vulnerable households in Malawi  
when seeking healthcare.

We also found that the most economically active groups 
incurred the highest care-seeking costs. Firstly, men are shown 
to have higher costs. This is also true in studies conducted in 
other urban and rural areas of Malawi14,45. Individuals aged  
between 25 and 44 years experienced higher costs com-
pared to other age groups. In rural Malawi however, people  

aged 65 years and over incurred the highest direct cost when 
seeking care for a chronic cough45. It is possible that the  
individuals from that study may have had a relatively lower 
cost as compared to other groups if income loss were con-
sidered. In settings such as Malawi, males and those aged  
between 25 and 44 years are relatively more economically 
active. As a result, these groups will often have a greater loss 
of income when seeking healthcare14,46. This can deter such 
individuals from seeking healthcare. This can lead to adverse 
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health outcomes and have a negative impact on the strides made  
towards reducing the incidence of TB in Malawi. This fur-
ther suggests that optimised TB diagnosis interventions are 
likely to be more effective alongside social protection poli-
cies that ensure such groups are compensated for the time lost  
when seeking healthcare.

A limitation of this study was the use of self-reported income 
for the estimation of total indirect cost. The use of self-reported 
income in settings where the informal employment sector 
dominates is often unreliable and subject to non-response29,47.  
However, this approach was used because recent national 
income data was unavailable, and the calculation of consump-
tion expenditure was beyond the scope of this study. Moreo-
ver, there is uncertainty around which method provides the 
most accurate estimates in such settings47. This indicates the  
necessity for further research on comparing and determin-
ing appropriate methods for measuring household income in  
facility-based surveys taking place in such settings. Addition-
ally, findings of this study may have been subjected to recall 
bias. This can lead to inaccurate estimates of the costs faced by 
the patients. However, this method was the only feasible way 
of obtaining information that would lead to the estimation of 
the total cost faced by patients seeking diagnosis for acute  
symptoms of TB.

Although it can be assumed that the findings of this study 
can be generalised across Malawi, caution must be taken as 
the participants in this study may not fully be representative  
of Malawi. This is particularly true with regards to the costs 
faced by patients seeking care as the extent of these costs can 
vary geographically. Nonetheless, the study highlights that  
patients face costs that can be catastrophic when seeking  
care.

In conclusion, individuals seeking diagnostic care for TB symp-
toms in Blantyre, Malawi incurred high costs with patients 
experiencing catastrophic costs. The optimised TB diagnos-
tic interventions being investigated in the PROSPECT study,  
did not lead to a reduction in the costs faced by patients. For 
these interventions to make an impact, further efforts should 
be made towards ensuring that these interventions significantly  
reduce the indirect costs faced by patients. However, opti-
mised diagnostic strategies alone are not enough to ensure a  
significant reduction in the financial burden placed on house-
holds. Therefore, community-based interventions and social 
protection policies should be put in place to ensure the financial  

protection of individuals that are vulnerable to catastrophic  
costs.
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CSV format, containing the data needed to conduct the  
analysis.

Extended data
Figshare: Economic costs of accessing TB diagnostic services  
in Malawi: questionnaires.

https://doi.org/10.6084/m9.figshare.14207327.v225.

This project contains the following extended data:
–    Questionnaire

Data are available under the terms of the Creative Commons  
Attribution 4.0 International license (CC-BY 4.0).

Acknowledgements
We thank the community members who participated in the  
study and the patients and staff at Bangwe Health Centre.

Contributors
WK conceived and designed the study, conducted cost and sta-
tistical analysis, and drafted the manuscript. WK, PM and  
HM supported the design of the study and data collection 
tools. All authors interpreted the data, prepared report, and  
approved final version.

References

1.  Global tuberculosis report 2020. Geneva: World Health Organisation, 2020. 
Reference Source

2.  Uys PW, Warren RM, van Helden PD: A Threshold Value for the Time Delay to 
TB Diagnosis. PLoS One. 2007; 2(8): e757.  
PubMed Abstract | Publisher Full Text | Free Full Text 

3.  Dye C, Glaziou P, Floyd K, et al.: Prospects for Tuberculosis Elimination. Annu 
Rev Public Health. 2013; 34: 271–86.  
PubMed Abstract | Publisher Full Text 

4.  Tiemersma EW, van der Werf MJ, Borgdorff MW, et al.: Natural history of 
tuberculosis: duration and fatality of untreated pulmonary tuberculosis 
in HIV negative patients: a systematic review. PLoS One. 2011; 6(4): e17601. 
PubMed Abstract | Publisher Full Text | Free Full Text 

5.  Meghji J, Lesosky M, Joekes E, et al.: Patient outcomes associated with post-
tuberculosis lung damage in Malawi: a prospective cohort study. Thorax. 
2020; 75(3): 269–78.  
PubMed Abstract | Publisher Full Text | Free Full Text 

Page 12 of 13

Wellcome Open Research 2021, 6:153 Last updated: 02 JUL 2021

https://doi.org/10.6084/m9.figshare.14095569.v2
https://doi.org/10.6084/m9.figshare.14207327.v2
https://www.who.int/publications/i/item/9789240013131
http://www.ncbi.nlm.nih.gov/pubmed/17712405
http://dx.doi.org/10.1371/journal.pone.0000757
http://www.ncbi.nlm.nih.gov/pmc/articles/1942086
http://www.ncbi.nlm.nih.gov/pubmed/23244049
http://dx.doi.org/10.1146/annurev-publhealth-031912-114431
http://www.ncbi.nlm.nih.gov/pubmed/21483732
http://dx.doi.org/10.1371/journal.pone.0017601
http://www.ncbi.nlm.nih.gov/pmc/articles/3070694
http://www.ncbi.nlm.nih.gov/pubmed/32102951
http://dx.doi.org/10.1136/thoraxjnl-2019-213808
http://www.ncbi.nlm.nih.gov/pmc/articles/7063395


6.  Storla DG, Yimer S, Bjune GA: A systematic review of delay in the diagnosis 
and treatment of tuberculosis. BMC Public Health. 2008; 8: 15.  
PubMed Abstract | Publisher Full Text | Free Full Text 

7.  Marahatta SB, Yadav RK, Giri D, et al.: Barriers in the access, diagnosis and 
treatment completion for tuberculosis patients in central and western 
Nepal: A qualitative study among patients, community members and 
health care workers. PLoS One. 2020; 15(1): e0227293.  
PubMed Abstract | Publisher Full Text | Free Full Text 

8.  Datiko DG, Jerene D, Suarez P: Patient and health system delay among TB 
patients in Ethiopia: Nationwide mixed method cross-sectional study. BMC 
Public Health. 2020; 20(1): 1126.  
PubMed Abstract | Publisher Full Text | Free Full Text 

9.  World Health Organisation: Global Tuberculosis Report. 2019.  
Reference Source

10.  Levey R, Gitonga N, Smith M, et al.: Malawi private health sector assessment. 
Bethesda, MD: Strengthening Health Outcomes through the Private Sector 
Project, Abt Associates Inc, 2011.  
Reference Source

11.  Makwakwa L, Sheu ML, Chiang CY, et al.: Patient and heath system delays 
in the diagnosis and treatment of new and retreatment pulmonary 
tuberculosis cases in Malawi. BMC Infect Dis. 2014; 14: 132.  
PubMed Abstract | Publisher Full Text | Free Full Text 

12.  Chimbatata NBW, Zhou CM, Chimbatata CM, et al.: Post-2015, why delay to 
seek healthcare? Perceptions and field experiences from TB healthcare 
providers in northern Malawi: a qualitative study. Infect Dis Poverty. 2017; 
6(1): 60.  
PubMed Abstract | Publisher Full Text | Free Full Text 

13.  Onazi O, Gidado M, Onazi M, et al.: Estimating the cost of TB and its social 
impact on TB patients and their households. Public Health Action. 2015; 5(2): 
127–31.  
PubMed Abstract | Publisher Full Text | Free Full Text 

14.  Kemp JR, Mann G, Simwaka BN, et al.: Can Malawi’s poor afford free 
tuberculosis services? Patient and household costs associated with a 
tuberculosis diagnosis in Lilongwe. Bull World Health Organ. 2007; 85(8): 
580–5.  
PubMed Abstract | Publisher Full Text | Free Full Text 

15.  Foster N, Vassall A, Cleary S, et al.: The economic burden of TB diagnosis and 
treatment in South Africa. Soc Sci Med. 2015; 130: 42–50.  
PubMed Abstract | Publisher Full Text 

16.  Shin H, Ngwira LG, Tucker A, et al.: Patient-incurred cost of inpatient 
treatment for Tuberculosis in rural Malawi. Trop Med Int Health. 2020; 25(5): 
624–34.  
PubMed Abstract | Publisher Full Text | Free Full Text 

17.  Pedrazzoli D, Siroka A, Boccia D, et al.: How affordable is TB care? Findings 
from a nationwide TB patient cost survey in Ghana. Trop Med Int Health. 
2018; 23(8): 870–8.  
PubMed Abstract | Publisher Full Text 

18.  Muttamba W, Tumwebaze R, Mugenyi L, et al.: Households experiencing 
catastrophic costs due to tuberculosis in Uganda: magnitude and cost 
drivers. BMC Public Health. 2020; 20(1): 1409.  
PubMed Abstract | Publisher Full Text | Free Full Text 

19.  Njagi P, Arsenijevic J, Groot W: Understanding variations in catastrophic 
health expenditure, its underlying determinants and impoverishment in 
Sub-Saharan African countries: a scoping review. Syst Rev. 2018; 7(1): 136. 
PubMed Abstract | Publisher Full Text | Free Full Text 

20.  Wingfield T, Boccia D, Tovar M, et al.: Defining Catastrophic Costs and 
Comparing Their Importance for Adverse Tuberculosis Outcome with 
Multi-Drug Resistance: A Prospective Cohort Study, Peru. PLoS Med. 2014; 
11(7): e1001675.  
PubMed Abstract | Publisher Full Text | Free Full Text 

21.  World Health Organisation: The end TB strategy: Global strategy and targets 
for tuberculosis prevention, care and control after 2015. Geneva, 2014; 
(accessed Aug 10, 2020).  
Reference Source

22.  MacPherson P, Webb EL, Lalloo DG, et al.: Design and protocol for a 
pragmatic randomised study to optimise screening, prevention and care 
for tuberculosis and HIV in Malawi (PROSPECT Study) [version 3; peer 
review: 2 approved]. Wellcome Open Res. 2018; 3: 61.  
PubMed Abstract | Publisher Full Text | Free Full Text 

23.  National Tuberculosis Programme Malawi: National Tuberculosis Prevalence 
Survey. 2015. 

24.  Ministry of Health: Malawi National Tuberculosis Control Programme 
Manual 8th edition. 2017. 

25.  Kamchedzera W: Economic costs of accessing TB diagnostic services in 
Malawi: questionnaires. 2021; published online March 12.  
http://www.doi.org/10.6084/m9.figshare.14207327.v2

26.  USAID, TBCTA: The tool to estimate patients’ costs. Washington, DC, 2008. 
Reference Source

27.  Foreign Exchange Rates - Reserve Bank of Malawi. (accessed Oct 21, 2020). 

28.  Naher N, Hoque R, Hassan MS, et al.: The influence of corruption and 
governance in the delivery of frontline health care services in the public 
sector: a scoping review of current and future prospects in low and middle-
income countries of south and south-east Asia. BMC Public Health. 2020; 
20(1): 880.  
PubMed Abstract | Publisher Full Text | Free Full Text 

29.  World Health Organization, Global TB Programme: Protocol for survey to 
determine direct and indirect costs due to TB and to estimate proportion 
of TB-affected households experiencing catastrophic total costs due to TB. 
2015.  
Reference Source

30.  World Health Organization: Tuberculosis patient cost surveys: A handbook. 
Geneva, 2017.  
Reference Source

31.  Thompson SG, Barber JA: How should cost data in pragmatic randomised 
trials be analysed? BMJ. 2000; 320(7243): 1197–200.  
PubMed Abstract | Publisher Full Text | Free Full Text 

32.  Barber JA, Thompson SG: Analysis and interpretation of cost data in 
randomised controlled trials: review of published studies. BMJ. 1998; 
317(7167): 1195–200.  
PubMed Abstract | Publisher Full Text | Free Full Text 

33.  Desgagné A, Castilloux AM, Angers JF, et al.: The Use of the Bootstrap 
Statistical Method for the Pharmacoeconomic Cost Analysis of Skewed 
Data. Pharmacoeconomics. 1998; 13(5 Pt 1): 487–97.  
PubMed Abstract | Publisher Full Text 

34.  WHO Global TB Programme.: Protocol for survey to determine direct 
and indirect costs due to TB and to estimate proportion of TB-affected 
households experiencing catastrophic total costs due to TB: Field testing 
version. 2015.  
Reference Source

35.  Jones A: Models for health care. HEDG: The University of York, 2010. 
Reference Source

36.  Deb P, Norton EC: Modeling Health Care Expenditures and Use. Annu Rev 
Public Health. 2018; 39: 489–505.  
PubMed Abstract | Publisher Full Text 

37.  Deb P, Norton EC, Manning WG: Health econometrics using Stata. First. 
Texas: Stata Press, 2017.  
Reference Source 

38.  Kamchedzera W: Economic costs of accessing TB diagnostic services in 
Malawi: an analysis of patient costs from a randomised controlled trial of 
computer-aided chest x-ray interpretation. 2021; published online Feb 23. 
http://www.doi.org/10.6084/m9.figshare.14095569.v2

39.  Stracker N, Hanrahan C, Mmolawa L, et al.: Risk factors for catastrophic costs 
associated with tuberculosis in rural South Africa. Int J Tuberc Lung Dis. 2019; 
23(6): 756–763.  
PubMed Abstract | Publisher Full Text | Free Full Text 

40.  Mudzengi D, Sweeney S, Hippner P, et al.: The patient costs of care for those 
with TB and HIV: a cross-sectional study from South Africa. Health Policy 
Plan. 2017; 32(suppl_4): iv48–iv56.  
PubMed Abstract | Publisher Full Text | Free Full Text 

41.  Ukwaja KN, Alobu I, Lgwenyi C, et al.: The High Cost of Free Tuberculosis 
Services: Patient and Household Costs Associated with Tuberculosis Care 
in Ebonyi State, Nigeria. PLoS One. 2013; 8(8): e73134.  
PubMed Abstract | Publisher Full Text | Free Full Text 

42.  Asres A, Jerene D, Deressa W: Pre- and post-diagnosis costs of tuberculosis 
to patients on Directly Observed Treatment Short course in districts of 
southwestern Ethiopia: a longitudinal study. J Health Popul Nutr. 2018; 37(1): 
15.  
PubMed Abstract | Publisher Full Text | Free Full Text 

43.  José B, Manhiça I, Jones J, et al.: Using community health workers for 
facility and community based TB case finding: An evaluation in central 
Mozambique. PLoS One. 2020; 15(7): e0236262.  
PubMed Abstract | Publisher Full Text | Free Full Text 

44.  Gurung SC, Dixit K, Rai B, et al.: The role of active case finding in reducing 
patient incurred catastrophic costs for tuberculosis in Nepal. Infect Dis 
Poverty. 2019; 8(1): 99.  
PubMed Abstract | Publisher Full Text | Free Full Text 

45.  Sichali JM, Khan JAK, Gama EM, et al.: Direct costs of illness of patients 
with chronic cough in rural Malawi-Experiences from Dowa and Ntchisi 
districts. PLoS One. 2019; 14(12): e0225712.  
PubMed Abstract | Publisher Full Text | Free Full Text 

46.  Prasanna T, Jeyashree K, Chinnakali P, et al.: Catastrophic costs of tuberculosis 
care: a mixed methods study from Puducherry, India. Glob Health Action. 
2018; 11(1): 1477493.  
PubMed Abstract | Publisher Full Text | Free Full Text 

47.  Sweeney S, Mukora R, Candfield S, et al.: Measuring income for catastrophic 
cost estimates: Limitations and policy implications of current approaches. 
Soc Sci Med. 2018; 215: 7–15.  
PubMed Abstract | Publisher Full Text | Free Full Text 

Page 13 of 13

Wellcome Open Research 2021, 6:153 Last updated: 02 JUL 2021

http://www.ncbi.nlm.nih.gov/pubmed/18194573
http://dx.doi.org/10.1186/1471-2458-8-15
http://www.ncbi.nlm.nih.gov/pmc/articles/2265684
http://www.ncbi.nlm.nih.gov/pubmed/31940375
http://dx.doi.org/10.1371/journal.pone.0227293
http://www.ncbi.nlm.nih.gov/pmc/articles/6961875
http://www.ncbi.nlm.nih.gov/pubmed/32680489
http://dx.doi.org/10.1186/s12889-020-08967-0
http://www.ncbi.nlm.nih.gov/pmc/articles/7368783
https://apps.who.int/iris/bitstream/handle/10665/329368/9789241565714-eng.pdf
http://www.hanshep.org/resources/shops-country-private-sector-health-assessments/malawi-private-health-sector-assessment
http://www.ncbi.nlm.nih.gov/pubmed/24606967
http://dx.doi.org/10.1186/1471-2334-14-132
http://www.ncbi.nlm.nih.gov/pmc/articles/3976046
http://www.ncbi.nlm.nih.gov/pubmed/28490345
http://dx.doi.org/10.1186/s40249-017-0279-1
http://www.ncbi.nlm.nih.gov/pmc/articles/5426018
http://www.ncbi.nlm.nih.gov/pubmed/26400384
http://dx.doi.org/10.5588/pha.15.0002
http://www.ncbi.nlm.nih.gov/pmc/articles/4487475
http://www.ncbi.nlm.nih.gov/pubmed/17768515
http://dx.doi.org/10.2471/blt.06.033167
http://www.ncbi.nlm.nih.gov/pmc/articles/2636388
http://www.ncbi.nlm.nih.gov/pubmed/25681713
http://dx.doi.org/10.1016/j.socscimed.2015.01.046
http://www.ncbi.nlm.nih.gov/pubmed/32034984
http://dx.doi.org/10.1111/tmi.13381
http://www.ncbi.nlm.nih.gov/pmc/articles/7658961
http://www.ncbi.nlm.nih.gov/pubmed/29851223
http://dx.doi.org/10.1111/tmi.13085
http://www.ncbi.nlm.nih.gov/pubmed/32938411
http://dx.doi.org/10.1186/s12889-020-09524-5
http://www.ncbi.nlm.nih.gov/pmc/articles/7493412
http://www.ncbi.nlm.nih.gov/pubmed/30205846
http://dx.doi.org/10.1186/s13643-018-0799-1
http://www.ncbi.nlm.nih.gov/pmc/articles/6134791
http://www.ncbi.nlm.nih.gov/pubmed/25025331
http://dx.doi.org/10.1371/journal.pmed.1001675
http://www.ncbi.nlm.nih.gov/pmc/articles/4098993
https://www.who.int/tb/strategy/End_TB_Strategy.pdf
http://www.ncbi.nlm.nih.gov/pubmed/30542662
http://dx.doi.org/10.12688/wellcomeopenres.14598.3
http://www.ncbi.nlm.nih.gov/pmc/articles/6259593
http://www.doi.org/10.6084/m9.figshare.14207327.v2
http://www.stoptb.org/wg/dots_expansion/tbandpoverty/assets/documents/Tool to estimate Patients� Costs.pdf
http://www.ncbi.nlm.nih.gov/pubmed/32513131
http://dx.doi.org/10.1186/s12889-020-08975-0
http://www.ncbi.nlm.nih.gov/pmc/articles/7278189
https://www.who.int/tb/advisory_bodies/impact_measurement_taskforce/meetings/tf6_background_5a_patient_cost_surveys_protocol.pdf
https://www.challengetb.org/publications/tools/costing/TB_Patients_Cost_Surveys-Handbook.pdf
http://www.ncbi.nlm.nih.gov/pubmed/10784550
http://dx.doi.org/10.1136/bmj.320.7243.1197
http://www.ncbi.nlm.nih.gov/pmc/articles/1127588
http://www.ncbi.nlm.nih.gov/pubmed/9794854
http://dx.doi.org/10.1136/bmj.317.7167.1195
http://www.ncbi.nlm.nih.gov/pmc/articles/28702
http://www.ncbi.nlm.nih.gov/pubmed/10180748
http://dx.doi.org/10.2165/00019053-199813050-00002
https://www.who.int/tb/advisory_bodies/impact_measurement_taskforce/meetings/tf6_background_5a_patient_cost_surveys_protocol.pdf
https://www.york.ac.uk/media/economics/documents/herc/wp/10_01.pdf
http://www.ncbi.nlm.nih.gov/pubmed/29328879
http://dx.doi.org/10.1146/annurev-publhealth-040617-013517
https://www.stata.com/bookstore/health-econometrics-using-stata/
http://www.doi.org/10.6084/m9.figshare.14095569.v2
http://www.ncbi.nlm.nih.gov/pubmed/31315710
http://dx.doi.org/10.5588/ijtld.18.0519
http://www.ncbi.nlm.nih.gov/pmc/articles/6755915
http://www.ncbi.nlm.nih.gov/pubmed/28204500
http://dx.doi.org/10.1093/heapol/czw183
http://www.ncbi.nlm.nih.gov/pmc/articles/5886108
http://www.ncbi.nlm.nih.gov/pubmed/24015293
http://dx.doi.org/10.1371/journal.pone.0073134
http://www.ncbi.nlm.nih.gov/pmc/articles/3754914
http://www.ncbi.nlm.nih.gov/pubmed/29784037
http://dx.doi.org/10.1186/s41043-018-0146-0
http://www.ncbi.nlm.nih.gov/pmc/articles/5963051
http://www.ncbi.nlm.nih.gov/pubmed/32702073
http://dx.doi.org/10.1371/journal.pone.0236262
http://www.ncbi.nlm.nih.gov/pmc/articles/7377411
http://www.ncbi.nlm.nih.gov/pubmed/31791412
http://dx.doi.org/10.1186/s40249-019-0603-z
http://www.ncbi.nlm.nih.gov/pmc/articles/6889665
http://www.ncbi.nlm.nih.gov/pubmed/31891576
http://dx.doi.org/10.1371/journal.pone.0225712
http://www.ncbi.nlm.nih.gov/pmc/articles/6938385
http://www.ncbi.nlm.nih.gov/pubmed/29902134
http://dx.doi.org/10.1080/16549716.2018.1477493
http://www.ncbi.nlm.nih.gov/pmc/articles/6008578
http://www.ncbi.nlm.nih.gov/pubmed/30196149
http://dx.doi.org/10.1016/j.socscimed.2018.08.041
http://www.ncbi.nlm.nih.gov/pmc/articles/6171470

