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Abstract

Background

One of the three main targets of the World Health Organization (WHO) End TB Strategy

(2015-2035) is that no tuberculosis (TB) patients or their households face catastrophic costs

(defined as exceeding 20% of the annual household income) because of the disease. Our

study seeks to determine, as a baseline, the magnitude and main drivers of the costs associ-

ated with TB disease for patients and their households and to monitor the proportion of

households experiencing catastrophic costs in Brazil.

Methods

A national cross-sectional cluster-based survey was conducted in Brazil in 2019-2021 following

WHO methodology. TB patients of all ages and types of TB were eligible for the survey. Adult TB

patients and guardians of minors (<18 years old) were interviewed once about costs, time loss,

coping measures, income, household expenses, and asset ownership. Total costs, including indi-

rect costs measured as reported household income change, were expressed as a percentage of

annual household income. We used descriptive statistics to analyze the cost drivers and multivar-

iate logistic regression to determine factors associated with catastrophic costs.

Results

We interviewed 603 patients, including 538 (89%) with drug-sensitive (DS) and 65 (11%)

with drug-resistant (DR) TB. Of 603 affected households, 48.1% (95%CI: 43–53.2)
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experienced costs above 20% of their annual household income during their TB episode.

The proportion was 44.4% and 78.5% among patients with DS- and DR-TB, respectively.

On average, patients incurred costs of US$1573 (95%CI: 1361.8–1785.0) per TB episode,

including pre-diagnosis and post-diagnosis expenses. Key cost drivers were post-diagnosis

nutritional supplements (US$317.6, 95%CI: 232.7–402.6) followed by medical costs (US

$85.5, 95%CI: 54.3–116.5) and costs of travel for clinic visits during treatment (US$79.2,

95%CI: 61.9–96.5). In multivariate analysis, predictors of catastrophic costs included posi-

tive HIV status (aOR = 3.0, 95%CI:1.1–8.6) and self-employment (aOR = 2.7, 95%CI:1.1–

6.5); high education was a protective factor (aOR = 0.1, 95%CI:0.0–0.9).

Conclusions

Although the services offered to patients with TB are free of charge in the Brazilian public

health sector, the availability of free diagnosis and treatment services does not alleviate

patients’ financial burden related to accessing TB care. The study allowed us to identify the

costs incurred by patients and suggest actions to mitigate their suffering. In addition, this

study established a baseline for monitoring catastrophic costs and fostering a national policy

to reduce the costs to patients for TB care in Brazil.

Introduction

Estimating the costs borne by TB-affected households and monitoring progress towards the

World Health Organization’s (WHO) End TB Strategy targets are essential for Brazil. Brazil

achieved the targets of the Millennium Development Goals (MDG) for TB control before the

2015 deadline, but the WHO End TB Strategy and Sustainable Development (SDG) goals are

more ambitious and are unlikely to be achieved without significant and profound changes in

healthcare and social protection policies, nor without changes in the regional economic and

political context [1, 2].

In 2015, WHO member states adopted the End TB strategy; one of its three goals was to

move towards zero TB-affected households suffering catastrophic costs by 2035 [3–5]. By Sep-

tember 2021, WHO reported that 25 countries had completed a national survey to measure

costs borne by TB-affected households and the proportion of households incurring costs due

to TB that were above 20% of annual household income/expenditure, the indicator defined in

the End TB Strategy [1, 6, 7]. The pooled weighted percentage of TB-affected households that

experienced TB related costs above 20% of household income/expenditure was 47.3% (95% CI:

33.3-61.3%) while country estimates ranged from 13% (95% confidence interval [CI]: 10–17%)

in El Salvador to 92% (95% CI: 86–97%) in Solomon Islands [6]. These results demonstrate

that the economic burden faced by TB-affected households is influenced by the country’s prog-

ress towards universal health care [8–24]. It has been well documented too that TB dispropor-

tionately impacts the poorest and most vulnerable in the population, who experience higher

proportionate costs and greater impact on their vulnerability [1–6].

Brazil has a population of 213 million people; 4.6% of the population were living on less

than US$1.90 a day and 19,6% on less than PPP$5.50 a day (the poverty threshold for Upper-

middle -income countries in 2019 [25, 26]. The incidence of TB in Brazil was 45 (95% CI: 38-

52) per 100,000 population in 2020 and 46 (95%CI: 39-53) per 100,000 population in 2019 [6].

In 2020, fewer TB cases (82,930) were notified compared to 2019 (85,154) given COVID-

19-related TB service disruptions that caused unprecedented health challenges [2, 4].
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In 2018, 10% of the gross domestic product (GDP) was invested in health in Brazil, but the

GDP growth has been only 2% since 2015; with the COVID-19 pandemic and compromised

GDP growth, the prioritization of government health spending is of particular importance

[27]. In 2018, Brazil spent US$848 per capita on health, of which US$234 (27.6%) was financed

out-of-pocket [28]. Brazil, with the Universal Health Coverage (UHC) service coverage index

(SDG 3.8.1) of 79 ranks high globally but with 26% of population facing catastrophic health

expenditures (SDG 3.8.2) it is worse off than the global average (11.8% in 2017) [29].

TB patients in Brazil have access to free TB diagnosis and treatment services through the

Unified Health System (SUS), provided the patient is notified to official institutions. In 2019,

TB care was delivered to 92,500 patients across 13,876 health centres, including 11,004 Primary

Health Services (PHS) and 2,872 Specialised Health Service (SHS) facilities. Based on country

reported TB program expenditures, the Global TB Report 2021 estimated that delivering TB

care in Brazil in 2020 cost US$509 and US$3,913 per patient for drug-susceptible TB (DS-TB)

and drug-resistant TB (DR-TB) respectively [6]. However, even with this framework of ser-

vices, patients may incur out-of-pocket expenses while in care and income loss, compromising

treatment access and adherence.

In Brazil, given the level of UHC, understanding the level of medical and non-medical

expenditures, and indirect costs incurred by TB patients is necessary. A study by Rudgard W.

E. et al performed in Rio de Janeiro amongst drug-resistant TB patients found that lost income

was the key driver of economic burden during the TB episode, with a loss of US$6,207

(sd = 6,671) per household, representing 81% (sd = 54%) of annual household income [23]. A

study by Guidoni L.M. et al, conducted in five large cities in Brazil, found that on average

income of participants declined by 11% during the TB episode and 41% faced direct and indi-

rect costs that were higher than 20% of self-reported household income prior to TB [24].

Our study is the first national TB patient cost survey implemented in Brazil. It was con-

ducted following WHO methodology and aimed to document the magnitude and main drivers

of the costs incurred by TB patients and their households, and to establish the baseline propor-

tion of TB-affected households that incur catastrophic total costs due to TB [7]. The survey’s

findings could be used as a basis for actions to reduce financial barriers for accessing care and

to minimize the adverse socioeconomic impacts of TB in Brazil.

Methods

Study setting

Brazil is the fifth largest country in the world by area (8,515 million km2), and the largest in

South America. Brazil is divided into five administrative regions (North, Northeast, South,

Southeast and Central-West), 26 states, 27 federative units and 5,570 municipalities. It ranks

84th in the world on the Human Development Index (HDI) scale, with 84.4% of the popula-

tion living in urban areas [25–27].

Brazil has two public social protection policies that cover the entire population and are

administered by independent systems. The Unified Health System (SUS) provides all health

services free of charge, and the National Social Assistance System (SUAS) provides the guaran-

tee of a minimum social protection for people living in poverty. The SUAS includes the Bolsa

Familia Programme (BFP) - a cash transfer program for families in poverty, and Continuous

Cash Benefit (BPC) program focused on the provision of sick pay, utility vouchers, etc. Around

70% of the population is covered by at least one social protection benefit. In response to the

COVID-19 pandemic, an additional benefit (emergency assistance) was provided to support

people in situations of social vulnerability. These financial support amounts ranged between

US$20 (gas voucher) to US$213.2 per month from BPC [23, 30–32].
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Tuberculosis is the world’s second top infectious killer after COVID-19, claiming close to

4100 lives a day). It is the leading killer of people with HIV and a major contributor of antimi-

crobial resistance related deaths [4]. In 2020 and 2021, the pandemic has had enormous conse-

quences for health, society and the economy [6]. These include impacts on the provision of

and access to essential TB services, TB notification, incidence and mortality as well as a

reduced amount of funds allocated to TB care [6]. Operational research including our study

also experienced disruptions. Due to logistical challenges during the COVID-19 pandemic,

our study had two interruption periods: the first one was from March to August 2020, and the

second one was from December 2020 to the end of March 2021.

Study design, population, and sample size

We conducted a nationally representative health facility-based single-stage cluster-sampled

survey, with retrospective data collection and cost extrapolation within the treatment period.

The WHO provides a handbook with a standardized methodology for conducting health facil-

ity-based, cross-sectional surveys to assess the direct and indirect costs incurred by TB patients

and their households [7]. The handbook outlines the study design, recommended sampling

approaches, data collection and management, and recommended standard analyses. In line

with this, the survey was designed to calculate the appropriate sample for a descriptive cluster

survey that would estimate (with a power of 0.8) a proportional outcome measure (i.e cata-

strophic incidence headcount, estimated value of 50%) to an absolute precision of +/- 0.025.

To account for the cluster design, we assumed a design effect of 2 and inflated the sample size

by 5% to account for potential unit level non response, to arrive at a sample size of 760 TB

patients recruited from 46 clusters (health facilities).

However, to ensure that unique characteristics and outcomes were captured in facilities

that were sampled, the sampling frame was stratified into high enrolment and low enrolment

strata. To do this, the annual notifications of tuberculosis patients in 2017 for each cluster were

summed up within respective municipalities, and facilities in those municipalities with total

notifications less than 37 per annum were classified as group 2 clusters while the rest were clas-

sified as group 1 clusters. Facilities in the group 2 stratum accounted for 22.9% of all notifica-

tions, but any cluster selected from this group would require longer time to recruit enough

participants given the target of 20 participants per cluster. Therefore, the facilities (clusters) in

group 2 stratum were oversampled with fewer participants enrolled in each cluster by design

compared to group 1 stratum, to provide a greater chance of capturing between cluster vari-

ance in the survey.

In group 1, 36 clusters were sampled with probability proportional to cases notified from

where 20 patients would be consecutively sampled: 12 patients from a Primary Health Care

(PHC) facility and (where present) 8 from a Special Care (SC) facility. This stratification within

group 1 was considered necessary given that the characteristics of people treated in PHC and

in SC facilities were expected to vary. The ratio of patients sampled from each of these facility

types was designed to match the national ratio of clinic attendance in 2017.

In group 2, ten clusters were selected. Since majority of these facilities had enrolled less

than 3 patients (and the facility with the largest number enrolled had 8), sampling via probabil-

ity proportion to size wouldn’t serve the purpose to allow diversity in cluster sampling, there-

fore these were sampled with constant probability. 4 patients were thereafter to be

consecutively sampled from these facilities, noting that these facilities in group 2 were PHC

facilities.

In summary, the sample selection was geared to represent the capacity (> = 35 or < 35

notified cases in 2017) as well as type of health care facility (PHC or SC). The under- and over-
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enrollment was adjusted at the time of analysis through sampling weights computed for each

cluster from this sampling frame, and the whole process was embedded in a reproducible sam-

pling script developed in R.

All adults and children currently on TB treatment for any type of TB that had completed at

least 14 days of treatment, either in the intensive or continuation phase, were eligible to partici-

pate in the survey. Incarcerated persons, unaccompanied minors, and those on treatment for

less than 14 days in the intensive or continuation phase were not enrolled in the study.

Data collection

From September 2019 to April 2021 eligible patients from the selected clusters were invited to

participate in the study. We used a standardized questionnaire developed by the WHO,

adapted to the Brazilian context [7] (S1 File). Interviewers were trained during three training

sessions at the Federal University of Espı́rito Santo (UFES) in Vitória, and travelled to collect

data across the country. Data were collected on paper and subsequently entered, into the web-

based data collection system [33].

Each eligible adult TB patient and guardian (legal companion) of eligible minor TB patient

(<18 years old) was interviewed only once to obtain clinical and sociodemographic informa-

tion, costs incurred due to TB disease (medical, non-medical and indirect), time loss, coping

strategies and social support provided to mitigate costs related to TB treatment. Patients self-

reported individual and household income (pre-disease, at diagnosis, and during treatment),

annual household consumption, and household assets were collected following WHO defini-

tions and the Instituto Brasileiro de Geografia e Estatı́stica (IBGE) pre-tested assets question-

naire [34, 35]. Only patients interviewed during the intensive phase were questioned on pre-

diagnostic costs and time loss, including during the diagnosis pathway. Costs, income, and

expenses were collected in national currency (Real) and later converted using US$1 = 5.16

BRL according to the conversion rate in 2021 [36].

Data analysis

The analysis followed the standard analysis plan outlined in the WHO Patient Cost Survey

Handbook, standardising the computation of the diagnosis and treatment costs incurred by

TB patients and their households per TB episode [7]. The result tables present the survey

design adjusted estimates of mean costs with accompanying confidence intervals, which were

obtained by using the survey package in R version 4.0.1 (R Foundation for Statistical Comput-

ing, Vienna, Austria) [37, 38]. However, results Tables 1 and 2 (the ones labelled as demo-

graphic and clinical survey participant characteristics) are presented in non-adjusted form

since they represent the sample’s characteristics and are not to be interpreted as population

representative characteristics.

Costs borne by TB-affected households

Extrapolation of costs beyond a participant’s current treatment phase was done based on the

median costs incurred by other patients and their households in the alternative treatment

phase at the time of the interview. Total episode costs were estimated as the sum of direct med-

ical (out-of-pocket payment for TB services, net of any reimbursements), direct non-medical

(out-of-pocket payments made by TB-affected patient or guardian related to transportation,

accommodation, food, nutritional supplements etc., net of any reimbursements) and indirect

costs. We estimated indirect costs per TB episode using the output approach, based on the

household’s income changes during the episode [7].
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Table 1. Socio-demographic characteristics of survey participants by TB drug-resistance status. Brazil national TB patient cost survey 2019-2021.

Category TB patients (first-line treatment) (N = 538) Patients with drug-resistant TB (N = 65) Total (N = 603)

Age category

0-14 15 (2.8%) 0 (0.0%) 15 (2.5%)

15-24 70 (13.0%) 5 (7.7%) 75 (12.4%)

25-34 93 (17.3%) 14 (21.5%) 107 (17.7%)

35-44 118 (21.9%) 19 (29.2%) 137 (22.7%)

45-54 109 (20.3%) 14 (21.5%) 123 (20.4%)

55-64 93 (17.3%) 6 (9.2%) 99 (16.4%)

>65 40 (7.4%) 7 (10.8%) 47 (7.8%)

Sex

Female 208 (38.7%) 24 (36.9%) 232 (38.5%)

Male 330 (61.3%) 41 (63.1%) 371 (61.5%)

Education level

no schooling (up to 3 years) 68 (12.6%) 17 (26.2%) 85 (14.1%)

4 to 7 years 147 (27.3%) 13 (20.0%) 160 (26.5%)

8 to 10 years 126 (23.4%) 19 (29.2%) 145 (24.0%)

11 to 14 years 148 (27.5%) 14 (21.5%) 162 (26.9%)

Secondary or higher 49 (9.1%) 2 (3.1%) 51 (8.5%)

Employment status: Pre-disease1

Employed (formal) 194 (36.1%) 16 (24.6%) 210 (34.9%)

Self employed 170 (31.7%) 26 (40.0%) 196 (32.6%)

Student/Retired/Others 51 (9.5%) 5 (7.7%) 56 (9.3%)

Unemployed 122 (22.7%) 18 (27.7%) 140 (23.3%)

Household size

Mean (SD) 3.5 (2.1) 3.2 (1.8) 3.4 (2.1)

Median (IQR) 3.0 (2.0, 4.0) 3.0 (2.0, 4.0) 3.0 (2.0, 4.0)

Private health insurance

No 442 (82.2%) 61 (93.8%) 503 (83.4%)

Yes 96 (17.8%) 4 (6.2%) 100 (16.6%)

Social protection assistance

No 337 (62.6%) 34 (52.3%) 371 (61.5%)

Yes 201 (37.4%) 31 (47.7%) 232 (38.5%)

Interview time (COVID-19)2

During COVID-19 379 (70.4%) 44 (67.7%) 423 (70.1%)

Before COVID-19 159 (29.6%) 21 (32.3%) 180 (29.9%)

Place of first Diagnosis3

Basic Health Unit 86 (16.0%) 13 (20.0%) 99 (16.4%)

Basic Health Unit with TB program unit (PCT) 5 (0.9%) 1 (1.5%) 6 (1.0%)

Family Health Unit 99 (18.4%) 15 (23.1%) 114 (18.9%)

Family Health Unit with PCT 7 (1.3%) 0 (0.0%) 7 (1.2%)

Private Health Service 68 (12.6%) 5 (7.7%) 73 (12.1%)

Public hospital 149 (27.7%) 20 (30.8%) 169 (28.0%)

Tuberculosis Reference Unit 71 (13.2%) 9 (13.8%) 80 (13.3%)

Urgency and Emergency Unit 40 (7.4%) 1 (1.5%) 41 (6.8%)

Other 13 (2.4%) 1 (1.5%) 14 (2.3%)

Service type

Primary Health Service (PHS) 308 (57.2%) 17 (26.2%) 325 (53.9%)

(Continued)
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Income and poverty level changes

Annualised monthly self-reported household income was used as the primary measure for

determining household ability to pay. This is usual practice in surveys following WHO survey

methods. In sensitivity analysis we also explored using household assets to estimate house-

hold’s ability to pay as an alternative method to measure the proportion of households

experiencing catastrophic costs. We did not explore using household reported expenditure as

an ability to pay because in this survey household expenditure data was more incomplete and

unreliable [7].

We evaluated pre-disease household poverty levels by comparing daily income (calculated

from self-reported household monthly income and comparing against the international pov-

erty threshold of US$1.90 purchasing power parity adjusted dollars (converted to Brazilian

Real (BRL) in 2011, then inflated using the ratio of consumer price index values in 2011 vs.

2020) as reported in the international finance statistics database [36].

To assess the possible impact of COVID-19 pandemic on the financial burden experiences

by TB patients and their households, we compared information collected from patients inter-

viewed before and during the pandemic.

Catastrophic costs

We measured the proportion of households experiencing catastrophic costs due to TB among

enrolled individuals. Catastrophic costs were defined as TB-related costs (direct and indirect)

exceeding 20% of the annual household income, as shown in Fig 1.

Each TB-affected household was given a binary value to determine whether or not it

incurred catastrophic costs according to this definition. Clustering effects associated with sam-

pling methods were considered in estimating the overall proportion of catastrophic costs.

Coping strategies, employment changes, and social consequences of TB

episode

Each coping strategy was examined as a binary measure: whether or not the family used this

strategy and the cost of the coping strategy. Similarly, binary measures of social impact and

perceived impoverishment were used to estimate the proportion of households impacted.

Employment status pre- and post-diagnosis was evaluated to estimate changes in unemploy-

ment levels amongst survey participants.

Ethical approval

This study was approved by the Brazil National Research Ethics Council (CONEP) under

Opinion n˚ 4.452641; by the World Health Organization through Opinions N˚ CGH HSR

Table 1. (Continued)

Category TB patients (first-line treatment) (N = 538) Patients with drug-resistant TB (N = 65) Total (N = 603)

Specialized Health Service (SHS) 230 (42.8%) 48 (73.8%) 278 (46.1%)

SD: standard deviation; PCT = TB Programme unit. PHS: primary health service. SHS: specialized health service.
1 Categories of employment were reclassified as follows: 1) Retired, student, homemaker = other +student; 2) Unemployed = unemployed worker receives help from

household member + none; 3) Self-employment = self-employed; and 4) Formal employment= self-employed + employment in the public sector + employment in the

private sector +army etc + working.
2 First case of COVID-19 was reported in February 2020.
3 PCT = TB Programme unit.

https://doi.org/10.1371/journal.pone.0287961.t001
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Tracking #:2019-167, PAHOERC-2019-0026, and by the U.S. Centers for Disease Control and

Prevention (CDC), Center for Global Health (CGH) (Project number: 2018-277). The study

was reviewed in accordance with the U.S. CDC human research protection procedures and

determined to be research, but CDC investigators did not interact with human subjects nor

had access to identifiable data or specimens for research purposes. Written informed consent

was obtained from all adults and minors’ legal guardians at the interview.

Table 2. Clinical characteristics of survey participants by TB drug-resistance status. Brazil national TB patient cost survey 2019-2021.

Category TB patients (first-line treatment) (N = 538) DR-TB patients (N = 65) Total (N = 603)

Type of diagnosis of TB

Extra pulmonary TB 89 (16.5%) 4 (6.2%) 93 (15.4%)

Pulmonary + Extra pulmonary TB 8 (1.5%) 2 (3.1%) 10 (1.7%)

Pulmonary TB 441 (82.0%) 59 (90.8%) 500 (82.9%)

Treatment registration group

New 463 (86.1%) 37 (56.9%) 500 (82.9%)

Previously treated 23 (4.3%) 20 (30.8%) 43 (7.1%)

Relapse 52 (9.7%) 8 (12.3%) 60 (10.0%)

HIV status

Positive 50 (9.3%) 10 (15.4%) 60 (10.0%)

Negative 430 (79.9%) 51 (78.5%) 481 (79.8%)

Unknown 58 (10.8%) 4 (6.2%) 62 (10.3%)

Treatment phase

Intensive phase 207 (38.5%) 15 (23.1%) 222 (36.8%)

Continuation phase 331 (61.5%) 50 (76.9%) 381 (63.2%)

Duration of intensive phase (month)

Mean (Sd) 2.1 (0.6) 4.6 (2.9) 2.3 (1.3)

Median (IQR) 2.0 (2.0, 2.0) 2.0 (2.0, 8.0) 2.0 (2.0, 2.0)

Duration of continuation phase (month)

Mean (SD) 4.5 (1.4) 9.0 (3.6) 4.9 (2.3)

Median (IQR) 4.0 (4.0, 4.0) 10.0 (6.0, 10.0) 4.0 (4.0, 4.0)

Modality of TB treatment

Directly observed therapy (DOT) 73 (13.6%) 8 (12.3%) 81 (13.4%)

Self administered 358 (66.5%) 45 (69.2%) 403 (66.8%)

Self administered + DOT 107 (19.9%) 12 (18.5%) 119 (19.7%)

Hospitalization

No 463 (86.1%) 54 (83.1%) 517 (85.7%)

Yes 75 (13.9%) 11 (16.9%) 86 (14.3%)

Previous TB episode

No 458 (85.1%) 35 (53.8%) 493 (81.8%)

Yes 80 (14.9%) 30 (46.2%) 110 (18.2%)

Comorbidities*
No 392 (72.9%) 40 (61.5%) 432 (71.6%)

Yes 146 (27.1%) 25 (38.5%) 171 (28.4%)

Time from onset of symptoms until diagnosis (in weeks)

Mean (sd) 9.3 (11.8) 22.6 (36.2) 9.8 (13.6)

Median (IQR) 4.0 (2.0, 12.0) 4.0 (3.5, 23.0) 4.0 (2.0, 12.0)

SD: standard deviation; IQR: Inter-quartile range; DR-TB: drug-resistant TB

Source

*Comorbidities include diabetes, hepatitis, and kidney disease.

https://doi.org/10.1371/journal.pone.0287961.t002
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Results

Study population

Prior to the COVID-19 pandemic, we aimed to collect data from 760 patients in 46 clusters.

Due to COVID-19 TB service disruptions, 612 consenting patients were recruited in 34 of 46

clusters (12 clusters were considered non-eligible or not accessible due to the COVID-19 pan-

demic and TB service disruptions). Nine patients were ineligible and therefore excluded,

hence a total of 603 participants were included in the analysis (i.e. 79.3% of the original sample

size). Sixty-five (11%) enrolled TB patients had DR-TB and 538 (89%) had DS-TB disease.

Three hundred seventy-one (61.5%) were male, and 60.8% belonged to the age group 25-54

years old (Table 1). These numbers are in line with the national TB epidemiology (among all

nationally notified TB cases in 2020, 68% were male and 3% were children) [3, 6].

Education levels varied from 26.5% participants with 4-7 years of schooling to 8.5% with

high education (studied 15 years or more). Four hundred and six respondents (67.4%) were

formally employed prior to TB diagnosis, higher than the 57.9% national employment rate

[39]. The average household size in the sample was 3.4 persons, slightly above the national

average of 3.3 persons.

Although 100% of the population in Brazil is covered by the Unified Health System (SUS)

[32], some people choose to pay for a private supplemental health plan. Among the study par-

ticipants, 100 (16.6%) had voluntary private health insurance. Three hundred seventy-one

(61.5%) respondents reported not having any type of social protection assistance (such as fam-

ily allowance, sick pay, paid leave, emergency aid, or continued cash benefit).

Patients most frequently accessed TB care in Public Hospitals (28.0%) and Family Health

units (18.9%). Only 73 (12.1%) received care in a private health service, and 41 (6.8%) in an

Urgent and Emergency Care Unit. Three hundred twenty-five patients (53.9%) were inter-

viewed in PHC and 278 (46.1%) in SHC facilities.

The interviews were carried out at two stages due to the COVID-19 pandemic. Collections

initially took place from September 2019 to February 2020. During this period, 180 people

(29.9%) were interviewed in 9 clusters. When interviews resumed, 423 people (70.1%) were

interviewed from August to December 2020 and in April 2021 in 29 clusters (Table 1). Forty-

six cities were planned for data collection, four clusters did not have any patients at all and had

to be dropped.

Clinical characteristics of participants and use of health services

Most interviewed patients were registered as new TB cases (82.9%). Three hundred eighty-one

patients (63.2%) were interviewed during the continuation phase of TB treatment. Among all

Fig 1. Estimation of catastrophic costs in tuberculosis.

https://doi.org/10.1371/journal.pone.0287961.g001
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interviewed patients, 82.9% had pulmonary TB (PTB), and 10.0% were co-infected with HIV.

These proportions were 87% and 11% respectively at the national level in 2019 [2]. Four hun-

dred thirty-two patients (71.6%) did not report other comorbidities, such as diabetes, hepatitis,

and kidney disease.

Most respondents (85.7%) had not been hospitalized due to their TB. Four hundred and

three patients (66.8%) used self-administered medication, and 81 (13.4%) were monitored by

directly observed therapy (DOT) (Table 2).

Patient’s care seeking pathway: Assessing patient’s time loss

During a TB episode, interviewed patients reported losing on average 79.9 (95%CI: 62.7–97.1)

hours for diagnosis and treatment. This average reflects a mix of DR-TB patients losing on

average 249.0 (95%CI: 115.6–382.4) hours and DS-TB patients losing on average 59.4 (95%

CI:49.6–69.3) hours. Detailed breakdown of the time loss is presented in Table 3.

Costs incurred by TB patients and their households

The estimated mean cost incurred by TB-affected households over an episode of TB was US$

1,573.4 (95%CI: 1,361.8–1,785), including pre-diagnosis and post-diagnosis direct and indirect

costs. Mean medical, non-medical, and indirect costs were US$122.1 (95%CI: 90–154.2), US

$421.8 (95%CI: 332.6–510.9) and US$1,029.6 (95% CI: 834.0–1,225.1) respectively. Mean

direct medical cost was higher among DR-TB patients (US$46.8, 95% CI: 35.4–59.1) compared

to DS-TB patients (US$35.4, 95% CI: 31.2–39.7) before diagnosis and lower in the post-diag-

nosis period (US$76.2, 95%CI: 27.4–125.0 and US$86.5, 95% CI: 50.6–122.4, respectively). In

the post-diagnosis period, the main driver of costs were direct non-medical costs including

food supplements (US$317.6, 95% CI: 232.7–402.6) and travel for clinic and DOT visits (US

$79.2, 95% CI: 61.9–96.5), followed by direct medical costs (US$85.5, 95% CI: 54.3–116.5).

Table 3. Hours lost seeking or accessing TB care. Brazil national TB patient cost survey, 2019-2021.

Categories of time loss by patient or caregiver TB patients (first-line treatment) (N = 538) DR-TB patients (N = 65) Total (N = 603)

Pre-diagnosis by patient

Mean (95%CI) 16.0 (7.6, 24.3) 4.5 (-0.1, 9.2) 15.5 (7.5, 23.5)

Median (IQR) 3.4 (1.3, 6.5) 3.5 (1.4, 5.6) 3.4 (1.3, 6.5)

DOT by patient

Mean (95%CI) 54.6 (43.6, 65.5) 181.3 (87.2, 275.4) 71.3 (54.6, 88.1)

Median (IQR) 39.0 (25.7, 67.6) 125.7 (77.4, 232.7) 39.0 (25.7, 77.9)

Drug pick-up by patient

Mean (95%CI) 17.3 (13.8, 20.8) 108.9 (21.6, 196.2) 27.2 (17.2, 37.2)

Median (IQR) 8.6 (2.2, 19.5) 26.0 (0.8, 90.9) 8.6 (2.1, 25.7)

Clinic visits by patient

Mean (95%CI) 13.0 (9.9, 16.2) 84.0 (30.2, 137.7) 20.7 (14.1, 27.2)

Median (IQR) 5.0 (1.8, 11.2) 19.3 (3.5, 49.1) 5.4 (1.9, 13.3)

Total hours lost by patient

Mean (95%CI) 59.4 (49.6, 69.3) 249.0 (115.6, 382.4) 79.9 (62.7, 97.1)

Median (IQR) 25.5 (10.3, 60.3) 109.7 (39.1, 233.8) 28.8 (11.0, 73.4)

Total hours lost by caregiver

Mean (95%CI) 6.4 (3.6, 9.1) 45.0 (7.1, 82.9) 10.5 (5.7, 15.3)

Median (IQR) 0.0 (0.0, 1.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.8)

TB: Tuberculosis: SD: standard deviation; IQR: Inter-quartile range; DR-TB: drug-resistant TB; 95% CI: 95% confidence interval

https://doi.org/10.1371/journal.pone.0287961.t003
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Indirect costs (loss of income) were higher among the households of DR-TB patients (US

$1,437.2, 95% CI: 889–1985.3) compared to the households of DS-TB patients (US$980.3, 95%

CI: 790.6 – 1,170.1) (Fig 2, Table 4).

Income loss and poverty level changes

At the onset of the TB disease, average monthly individual income was higher among DS-TB

patients (US$ 401.6 (95% CI: 364.8–438.3)) compared to patients with DR-TB (US$ 334.4,

(95% CI: 274.8–393.9)). The average individual income was US$ 409.7 (95% CI: 369.2–450.3)

(Table 5).

The average monthly household income at the onset of the disease was US$ 599.0 (95% CI:

548.8–649.2), with DS-TB patients reporting higher household income (US$ 617.1 (95% CI:

561.7–672.5)) than DR-TB patients (US$449.1 (95% CI: 374.6–523.7). The average monthly

household income after diagnosis dropped to US$484.1 (95%CI: 432.0–536.2), which means

an average loss of US$115 dollars per household (Table 5).

The proportion of tuberculosis-affected households with self-reported income below the

poverty line doubled from 4.3% (95% CI: 2.7 – 6.3) prior to TB to 10.9% (95% CI: 8.1 – 14.2) at

the time of the interview. For DR-TB affected households, the proportion rose from 4.6% (95%

CI:0.83 – 11.2) prior to TB to 29.2% (95% CI: 19.5 – 40.0) at the time of the interview. We did

not observe any difference in income loss and poverty level changes between patents inter-

viewed before and during COVID-19 pandemic.

Coping mechanisms, social consequences, and changes in employment

status during TB episode

The social impact of TB and mechanisms adopted by households in Brazil to deal with the eco-

nomic burden imposed by the disease are shown in Table 6. Thirty-two percent of enrolled

TB patients had to resort to either borrowing or selling assets to cope with TB, and 54.9%

Fig 2. Distribution of total costs during TB episode, by cost category. Brazil National TB Patients Cost Survey,

2019–2021.

https://doi.org/10.1371/journal.pone.0287961.g002
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reported experiencing some sort of social impact (i.e., social exclusion, food insecurity, job

losses, interrupted schooling, or divorce). Thirty-five percent reported social exclusion.

Thirty-seven percent and 7.7% of patients reported becoming poorer or much poorer, respec-

tively, since the onset of the first TB symptoms.

Of the 603 survey participants, 232 (38.5%) reported receiving some benefits from the Bra-

zilian government; among them 31 DR-TB and 201 DS-TB patients. In total, there were 238

benefit occurrences (as some patients received more than one benefit) including 38 (16%)

from Bolsa Familia Programme, 52 (22%) sick pays, 124 (52%) COVID-19 emergency social

assistance benefits, and 24 (10%) other benefits such as Continuous Cash Benefit and utility

vouchers. Most TB patients received the COVID-19 emergency social assistance in the amount

Table 4. Estimated total costs borne by TB-affected households (HH). Brazil national TB patient cost survey, 2019-2021. Mean US$ [95% CI].

Cost category HH of TB patients (first-line

treatment) (N = 538)

HH of DR-TB patients (N = 65) Total (N = 603)

Mean CI Mean CI Mean CI

Pre-diagnosis Medical 35.4 (31.2–39.7) 46.8 (34.4–59.1) 36.7 (32.8–40.6)

Non-medical 5.4 (4.4–6.4) 5.3 (4.2–6.4) 5.4 (4.5–6.3)

Post-diagnosis

Medical 86.5 (50.6–122.4) 76.2 (27.4–125.0) 85.4 (54.3–116.5)

Non-medical

Travel 65.7 (51.7–79.8) 190.7 (116.5–264.9) 79.2 (61.9–96.5)

Accomodation 3.5 (2.0–4.9) 6.6 (-2.1–15.3) 3.8 (2.1–5.5)

Food 11.9 (7.4–16.5) 47.5 (22.8–72.2) 15.8 (9.8–21.7)

Nutrition supplement 253.4 (185.7–321) 849.5 (518.8–1180.2) 317.6 (232.7–402.6)

Subtotal

Medical 122.0 (85.6–158.3) 123.0 (76.0–169.9) 122.1 (90.0–154.2)

Non-medical 339.9 (271.9–407.9) 1099.6 (773.2–1426.1) 421.8 (332.6–510.9)

Indirect costs (income loss) 980.3 (790.6–1170.1) 1437.2 (889.0–1985.3) 1029.6 (834.0–1225.1)

Total

Total cost (output approach) 1442.2 (1235.9 -1648.4) 2659.7 (2045.3–3274.2) 1573.4 (1361.8 – 1785.0)

95% CI: 95% confidence interval

https://doi.org/10.1371/journal.pone.0287961.t004

Table 5. Monthly self-reported income and poverty level among study participants. Brazil national TB patient cost survey, 2019-2021.

Income category TB patients (first-line treatment) (N = 538) Patients with drug-resistant TB (N = 65) Total (N = 603)

Individual income at onset of TB 409.7 (369.2, 450.3) 334.4 (274.8, 393.9) 401.6 (364.8, 438.3)

Household income at onset of TB 617.1 (561.7, 672.5) 449.1 (374.6, 523.7) 599.0 (548.8, 649.2)

Individual income at interview 422.9 (378.0, 467.9) 327.6 (266.1, 389.0) 412.7 (372.0, 453.3)

Household income at interview 502.6 (444.7, 560.5) 331.0 (277.9, 384.0) 484.1 (432.0, 536.2)

Patient was main income earner at onset of TB

equal* 24 (4.5%) 8 (12.3%) 32 (5.3%)

no 255 (47.5%) 25 (38.5%) 280 (46.5%)

yes 258 (48.0%) 32 (49.2%) 290 (48.2%)

Households below poverty line** at onset of TB 4.3% (2.5%-6.5%) 4.6% (0.83%-11.2%) 4.3% (2.7%-6.3%)

Households below poverty line** at interview 8.7% (6.1%-11.7%) 29.2% (19.5%-40.0%) 10.9% (8.1%-14.2%)

*All adults in the household earned equally

** Defined as US$ 1.90 PPP

https://doi.org/10.1371/journal.pone.0287961.t005
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of 116 dollars per month. An analysis by income quintile showed that wealthier patients

received less social protection (22.7%) compared to poorest patients (43.0%).

The impact of TB on employment status is highlighted in Fig 3. Employment of any form

among patients dropped from 68% to 48% with both formal and informal employment levels

dropping by 10%, presumably due to lower licensure or sick leave protection. Twenty-two per-

cent (22%) of patients reported losing their jobs and became unemployed during TB treatment

(Table 6). No differences in patient’s employment status change due to TB was observed

between patients interviewed before and during COVID-19 pandemic.

Catastrophic costs due to TB and risk factors for incurring

catastrophic costs

The proportion of TB-affected households facing costs >20% of household income due to TB

in Brazil in 2019-2021 was 48.1% (95% CI: 43.0–53.2). This proportion ranged from 44.1%

(95% CI: 39.5–49.5) for DS-TB to 78.5% (95% CI: 67.5–86.5) for DR-TB patients/households

(Fig 4).

After adjusting for potential confounders and covariates in multivariate analysis, HIV-posi-

tive status (aOR = 3.0, 95% CI:1.1–8.6, p = 0.037) and self-employment (aOR = 2.7, 95%

CI:1.1–6.5, p = 0.030) increased the chance of incurring catastrophic costs; high education

level was a protection factor (aOR = 0.1, 95%CI:0.0–0.9, p = 0.035) (Table 7)

In the sensitivity analyses we explored two alternative methods to measure the proportion

of households experiencing catastrophic costs and also explored the impact of altering the

threshold that defines costs as catastrophic. In addition to the globally monitored 20%, we also

explored 10%, 25% and 40% (Table 8). As a first alternative, we estimated indirect costs mea-

suring household income change (using the same output approach), but income was measured

based on asset ownership. As a second alternative method, we estimated indirect costs using a

valuation of time loss (human capital approach) at the self-reported individual hourly wage

and compared it against self-reported household income prior to the disease. At a threshold of

20%, 48.8% (95% CI: 44.2–53.4) and 21.7% (95% CI: 17.5–26.6) households incurred

Table 6. Coping mechanisms, social consequences and financial impact due to TB care by drug resistance status. Brazil national TB patients cost survey, 2019–2021.

Category TB patients (first-line treatment) (N = 538) DR-TB patients (N = 65) Total (N = 603)

Coping mechanism

Loan 151 (28.1%) 21 (32.3%) 172 (28.6%)

Asset sale 38 (7.1%) 11 (16.9%) 49 (8.1%)

Any of above 169 (31.5%) 24 (36.9%) 193 (32.1%)

Social consequences

Social exclusion 183 (34.1%) 30 (46.2%) 213 (35.4%)

Food insecurity 30 (5.6%) 8 (12.3%) 38 (6.3%)

Job loss 116 (21.6%) 17 (26.2%) 133 (22.1%)

Interrupted schooling 10 (1.9%) 2 (3.1%) 12 (2.0%)

Divorce 6 (1.1%) 3 (4.6%) 9 (1.5%)

Any of above 290 (53.9%) 41 (63.1%) 331 (54.9%)

Perceived financial impact

Much poorer 39 (7.3%) 7 (10.8%) 46 (7.7%)

Poorer 192 (35.9%) 28 (43.1%) 220 (36.7%)

Unchanged 302 (56.4%) 30 (46.2%) 332 (55.3%)

Richer 1 (0.2%) 0 (0.0%) 1 (0.2%)

Much richer 1 (0.2%) 0 (0.0%) 1 (0.2%)

https://doi.org/10.1371/journal.pone.0287961.t006
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catastrophic costs in the two alternatives respectively (Figs 5 and 6). Finally, we also evaluated

the proportion of TB-affected households incurring in direct medical costs that amounted to

10% or more of their self-reported household income, which resulted in 3.98% (95% CI: 2.59–

6.08) amongst all patients (Table 8).

Fig 3. Changes in employment status of enrolled TB patients before and during TB episode. Brazil national TB

patients cost survey, 2019–2021.

https://doi.org/10.1371/journal.pone.0287961.g003

Fig 4. Estimated proportions of TB-affected households experienced catastrophic costs* (using main approach

and a threshold of 20%). Brazil national TB patients cost survey, 2019–2021.

https://doi.org/10.1371/journal.pone.0287961.g004
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Table 7. Univariate and multivariate analysis of catastrophic costs predictors. Brazil national TB patients cost survey, 2019–2021.

Characteristic Category OR-univariate 95% CI p-value OR-multivariate 95% CI p-value

Age group <15 Ref NA NA

15-24 0.4 (0.1-1.6) 0.208

25-34 0.8 (0.2-3.4) 0.778

35-44 0.7 (0.2-2.8) 0.6

45-54 0.8 (0.2-3.5) 0.788

55-64 0.5 (0.1-2.2) 0.346

>65 0.3 (0.1-1.2) 0.089

Sex Female Ref NA NA Ref NA NA

Male 1.3 (0.9-1.7) 0.107 0.8 (0.4-1.7) 0.533

Drug resistance status Drug sensitive Ref NA NA Ref NA NA

Drug-resisitant TB 4.6 (2.5-8.2) <0.001 3.7 (0.4-36) 0.262

Type of TB Pulmonary TB Ref NA NA

Extra pulmonary TB 0.9 (0.7-1.3) 0.659

Treatment delay > 4 weeks No Ref NA NA Ref NA NA

Yes 0.6 (0.4-1.1) 0.093 0.8 (0.4-1.4) 0.449

Retreatment status No Ref NA NA Ref NA NA

Yes 1.4 (0.9-2.4) 0.167 0.5 (0.1-1.9) 0.305

Hospitalization during TB episode No Ref NA NA

Yes 1.2 (0.7-1.8) 0.542

TB treatment mode No DOT Ref NA NA

DOT 1 (0.7-1.5) 0.89

Characteristic Category OR-univariate Characteristic Category OR-univariate

HIV Status Negative Ref NA NA Ref NA NA

Positive 1.1 (0.6-1.9) 0.753 3 (1.1-8.6) 0.037

Education level Less then Primary education Ref NA NA Ref NA NA

Primary education 0.6 (0.3-1.1) 0.12 0.6 (0.2-2.0) 0.408

Secondary or higher 0.2 (0.1-0.5) 0.001 0.1 (0.0-0.9) 0.035

Employment type Unemployed Ref NA NA Ref NA NA

Employed (formal) 1.1 (0.7-1.7) 0.836 0.6 (0.3-1.5) 0.3

Self employed 2.3 (1.5-3.7) 0.001 2.7 (1.1-6.5) 0.03

Student/Retired/Others 1 (0.5-2.1) 0.967 1.9 (0.6-5.5) 0.247

Patient was main income earner No Ref NA NA

Yes 1.2 (0.8-1.7) 0.306

Equal 1.2 (0.6-2.6) 0.655

Insurance No Ref NA NA Ref NA NA

Any Insurance 0.5 (0.3-0.8) 0.007 0.5 (0.1-1.7) 0.236

Social protection support No Ref NA NA Ref NA NA

Yes 1.8 (1.3-2.6) 0.001 0.8 (0.4-1.6) 0.472

Income quintile 5th Ref NA NA Ref NA NA

4th 1.9 (1.0-3.9) 0.064 1.4 (0.4-4.3) 0.585

3rd 1.4 (0.7-2.7) 0.291 1.5 (0.6-3.8) 0.379

2nd 2.5 (1.5-4.4) 0.001 2.7 (1.0-7.2) 0.046

1st (lowest) 1.4 (0.8-2.7) 0.267 0.8 (0.2-3.0) 0.694

Household size �5 Ref NA NA

5+ 1.1 (0.8-1.7) 0.557

(Continued)
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Discussion

This study is the first effort to establish a baseline measure of the End TB catastrophic cost

indicator in Brazil. The study aimed to determine the baseline proportion of Brazilian house-

holds incurring costs exceeding 20% of their annual income due to TB. We found that 48.1%

of TB-affected households participating in the study experienced high costs above 20% of their

annual income when seeking care and treatment services due to TB.

These high costs affect TB patients contributing to worsening their already vulnerable situa-

tion and imposing unnecessary economic burden to their households. The results of our study

are in line with the findings of the two previous sub-national studies in Brazil. The first one

estimated that 46% of evaluated DS-TB households experienced catastrophic costs due to TB

[23]. In our study we found that 44.4% DS-TB-affected households and 78.5% DR-TB-affected

households experienced catastrophic costs due to the disease. Our result for DR-TB patients

and their households is consistent with the findings of the Rio de Janeiro’s study where 68% of

DR-TB patients experienced catastrophic costs due to TB [24]. Based on these results social

protection measures could be specifically evaluated for DR-TB patients.

The higher number of enrolled males is in line with the previous studies and national epide-

miology. Historical data reported by the Brazilian National Tuberculosis Control Program to

WHO shows that 46,130 (69.0%) of TB cases occurred in males from 2011 to 2020 [4, 5].

Most of the enrolled patients had pulmonary TB, were being treated first time with the first

line TB drugs and were classified as new TB cases. In this study, 62 TB patients (10.3%) did not

know their HIV status (compared to 15% nationally in 2020) [6], and 60 patients (10.0%) were

co-infected with HIV. In 2020, 80% of all notified new and relapse TB cases knew their HIV

status in Brazil, and 8.4% of new TB cases were HIV positive [5]. Another multicentre study in

Brazil found that 13% of the population were not tested for HIV [40]. Routine HIV testing is

one of the key guidelines of the clinical TB protocol in Brazil as the TB-HIV co-infection

Table 7. (Continued)

Data collection period Before COVID-19 Ref NA NA

During COVID-19 1 (0.7-1.4) 0.812

TB: tuberculosis; 95% CI: 95% confidence interval

https://doi.org/10.1371/journal.pone.0287961.t007

Table 8. Proportion of households experiencing costs above various thresholds of household income.

Sensitivity threshold % CI

Total costs borne by TB-affected households per TB episode

20% (End TB Indicator) 48 (43-53)

25% 40 (35-45)

30% 32 (27-37)

35% 26 (43-53)

40% 19 (15-24)

Direct medical costs borne by TB-affected households per TB episode

10% 3.8 (2.4-5.9)

20% 1.8 (1.0-3.2)

25% 1.8 (1.0-3.2)

30% 1.2 (0.23-2.5)

35% 1 (0.41-2.4)

https://doi.org/10.1371/journal.pone.0287961.t008
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increases the probability of death for people affected by these diseases. Progress in implement-

ing HIV testing among TB patients has improved over time from 51% in 2003 to 80% in 2020

when a slight drop in testing rate occurred compared to pre-COVID-19 83%. It would be

essential for 100% of testing to be aimed for to reach End TB targets including with the positive

indirect impact on one of the risk factors influencing the incidence of catastrophic costs in

Brazil.

The mean cost incurred by TB-affected households over an episode of care was US$

1,573.4, which is approximately 7 times higher than the minimum monthly wage in Brazil (US

$ 213.2) [41]. Non-medical costs during TB treatment were substantial and driven by travel

related to TB care (US$79.2), the costs of nutritional supplements outside of regular diet

because of TB disease, e.g., vitamins as recommended by health care staff (US$ 317.6) and

food (US$ 15.8) purchased during treatment, highlighting that even in a country with a univer-

sal health system, the expenditure due to TB can be high.

Our study results demonstrated that one-third of the study participants had to use different

coping mechanisms to address the economic burden imposed by TB disease. Taking a loan or

selling assets were options to compensate for the loss of income and high out-of-pocket

expenses incurred by patients while accessing TB care. We also observed that more than half

of the enrolled patients reported that TB somehow affected their social or private lives, with

social exclusion and food insecurity (difficulty in purchasing food) being the most prevalent

responses. Employment amongst TB-affected patients changed drastically with 22% patients

Fig 5. Estimated proportions of TB-affected households (HH) experienced catastrophic costs (using alternative

measure of ability to pay). Brazil national TB patients cost survey, 2019–2021. Costs are estimated using the output

approach: HH Income (PRE-TB) - HH Income (POST-TB) + DIRECT COSTS / HH assets-based approach with a

threshold of 20%. This approach is for sensitivity analysis purposes to explore the impact of altering the measure of

ability to pay in the resulting End TB indicator proportion.

https://doi.org/10.1371/journal.pone.0287961.g005
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reporting job losses during the episode (Fig 4). These results are also in line with the findings

of the previous sub-national studies in Brazil which highlighted job losses that often occurs

amongst TB-affected patients and leads to a decrease in family income [41, 42].

More than one-third of the study participants received some type of social protection bene-

fits from the Brazilian government (Table 1). The maximum amount received per patient over

an episode of TB was US$ 213.2 per month, which represents a small increase in family

income, considering that a basic monthly food basket in Brazil in the same period was equiva-

lent to US$ 121,7. Cash transfers were provided during COVID-19 pandemic as an emergency

social assistance measure. To be eligible for this support (US$ 116 per month), the total

monthly family income had to be less than one-third of the minimum monthly wage (US$

213.2). In our study, among 603 enrolled individuals, 124 (21%) had received COVID-19 cash

transfers. Previous studies demonstrated that social protection benefits from the Brazilian gov-

ernment are important for vulnerable populations and positively impact the outcome of TB

[43–45].

Most study participants reported becoming poorer or much poorer while on TB treatment.

When measuring self-reported household income changes, we observed a decline from US$

599.0 to US$ 484.1, an average loss of US$ 115 dollars across households (Table 5). Most TB

patients interviewed in this study reside in communities with severe problems of social deter-

minants of health, such as inadequate housing, peripheral neighbourhoods with social vulnera-

bility, high demographic density, inadequate working conditions, and difficulties accessing

services; these findings were also consistent with the results from other studies [40].

Fig 6. Estimated proportions of TB-affected households experienced catastrophic costs (using an alternative

measure for indirect cost calculation, the human capital approach). Brazil national TB patients cost survey, 2019–

2021. Costs are estimated using the output approach: DIRECT COSTS + VALUATION OF TIME LOSS (human

capital approach) / HH Income (PRE-TB) with a threshold of 20%. This approach is for sensitivity analysis purposes to

explore the impact of altering the measure of indirect cost measurement in the resulting End TB indicator proportion.

https://doi.org/10.1371/journal.pone.0287961.g006
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During the second phase of data collection, the Brazilian government had begun providing

social assistance to the population as part of COVID-19 impact mitigation interventions. The

conditional cash grants offered by the Brazilian government were not included in our calcula-

tion of catastrophic costs, but we recognise that this may have affected the TB affected house-

holds’ income. We defined a control variable indicating whether the interview took place

before or during the pandemic, and checked for significant differences in key variables. We

did not observe any differences in socio-economic status, poverty level, cost estimates and

income loss between patients interviewed before and during COVID-19 pandemic. These

could be because receiving the emergency aid (including cash transfer) may not have induced

immediate changes in TB affected households’ health seeking habits. Longitudinal analyses

may be needed to further ascertain the changes that have happened.

Research findings leading to change in policy and practice in

Brazil

According to the data from the IBGE, unemployment in Brazil impacted 6.7 million people in

2014 and 12.6 million in 2019 (i.e., 90% increase over the 5-year period), with the unemploy-

ment rate increasing from 6.8% to 11.9%, respectively. At the same time, the country’s labour

market also went through an accelerated process of precariousness, with an increase in the

number of self-employed workers without labour guarantees.

Results from this study show that income and job losses are significant problems for the

TB-affected households, and the challenges during the post-COVID-19 pandemic period

could be even worse. In fact, recent modelling for Brazil (and other 15 countries) by WHO

and partners suggests the impact of COVID on TB incidence and mortality will be much larger

in 2021 and beyond, especially on TB mortality (+20%) in 2021 and TB incidence in 2022 [6].

Hence having cash transfer as a form of social assistance is vital for TB patients to ensure they

can successfully complete their TB treatment and Brazil can progress towards eliminating TB

as a public health issue [43]. During the pandemic, emergency aid was created by the Brazilian

government for the most vulnerable through Decree No. 10,316, of April 7, 2020 demonstrat-

ing beneficial effects of cash transfers to vulnerable households. People who already received

government aid were also covered with this added value, which provided an increase in the

income of that household during the period of aid in the pandemic.

In Brazil, the SUS and SUAS programs are playing an important role in establishing policies

that provide social protection and health assistance aimed at mitigating catastrophic costs for

TB patients, however, this assistance could be insufficient because many conditionalities

greatly limit the number of people who can access these programs [39, 46]. In July 2021, an

agreement was signed between the SUS and the SUAS, primarily regarding inclusion of

socially vulnerable people with HIV, viral hepatitis, leprosy, tuberculosis, and prevention of

congenital syphilis in these programs. Although the agreement is only valid for the subsequent

6 months (i.e., until 2022), it is the first step towards protecting vulnerable households from

catastrophic costs and achieving the End TB Strategy goals established by the WHO.

TB is perceived as a medical condition which is mostly curable, however our results demon-

strate that TB has social, income, employment and poverty consequences as well as potential

long-lasting effects and social sequelae that require a multisectoral response. The results of this

study have been presented to the Ministry of citizenship (where the social protection programs

are located) and health, including all the country’s tuberculosis program coordinators, and

were also presented to the congress of the Brazilian society of tropical medicine, where policy

translation was discussed. Lessons learned from this survey will be used to design measures to

alleviate the burden of disease on TB patients and their families, and also inform subsequent
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national surveys to monitor the WHO End TB Strategy indicator of TB catastrophic costs in

Brazil.

Strengths and limitations

Our study had several limitations. First, the sample was calculated based on the 2017 notifica-

tions, available at the time of the protocol design. However, the project was implemented in

2019-2021, so some targeted clusters had fewer patients per stratum than was anticipated by

the 2017 sampling frame. The second limitation was that the estimates for DR-TB patients

(N = 65) were not adjusted for finite population, giving more conservative confidence bounds.

Brazil had 701 and 653 patients on DR-TB treatment in 2019 and 2020 respectively [6]. Third,

the COVID-19 pandemic, which started five months after initiation of data collection, affected

all research operations and suspended data collection for several months. The severe second

wave of pandemic in Brazil impacted all health services delivery and forced the data collection

to be concluded with 79% of the expected sample size recruited. The fourth limitation is related

to the data collection process during the COVID-19 pandemic which saw most data collected

in specialised services and fewer than expected in PHC services. During this period, PHC ser-

vices were reorganized following recommendations of municipal programs and included pro-

tocol safety measures for patients in the face of prioritization of care to COVID-19.

Another point that deserves to be highlighted is that TB-HIV-affected households and

those without a formal job or self-employed had a greater chance of incurring catastrophic

costs in 2019-2021. TB and HIV co-infection poses significant financial challenges to the indi-

viduals, whether due to drug interactions or because these patients are generally monitored in

specialized centres far from their homes and workplaces [47]. Not having a formal employ-

ment contract proved to be a predictor for incurring catastrophic costs by TB-affected house-

holds, as TB patients lose workdays that compromise their income. Patients who are formally

employed are usually entitled to paid sick leave but self-employed or informally employed are

not.

Despite the limitations, this study valuably contributes to Brazil’s and WHO’s global moni-

toring of the End TB Strategy indicator. The proportion of TB-affected households facing

costs >20% of household income or expenditure due to TB in Brazil is in line with the global

(pooled) average from the surveys implemented since 2015 following WHO methodology.

Amongst low-and-middle-income countries reporting this proportion to WHO in 2021, the

proportion of the households facing catastrophic costs in Brazil is higher than in 9 other coun-

tries (El Salvador, Lesotho, Kenya, Papua New Guinea, Benin, Fiji, The Philippines, Indonesia

and Tanzania) but lower than in Uganda, Burkina Faso, DR Congo, Myanmar, Lao, Viet Nam,

Ghana, Mongolia, Nigeria, Timor-Leste and Solomon Islands. This difference can be explained

by multiple factors including varying geographic, health system, universal health care, and eco-

nomic profiles in these countries [10, 12, 14, 15, 17].

Conclusion

This study showed that almost one in two TB-affected households in Brazil incurred cata-

strophic costs due to TB in 2019, with significant income losses, a similar situation to latest

global estimates (47% (95% CI:33-61%). With the poverty levels doubling after diagnosis,

access to care could be compromised and treatment outcomes impacted.

A better alignment between the SUS and SUAS programs can alleviate the financial and

economic burden experienced by households affected by TB disease in Brazil. The expansion

of existing social protections and creation of new interventions to support TB patients could
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help mitigate the financial burden and reduce the proportion of households that experience

catastrophic costs associated with TB disease in the country.

Supporting information

S1 File. Portuguese translation of questionnaire.

(DOCX)

S2 File.

(PDF)

Acknowledgments

First, we would like to thank the TB patients who consented to participate in this first national

TB patient cost survey in Brazil. Also, we are grateful for the support from the Ministry of

Health and staff at the Chronic and Airborne Disease Surveillance Coordination (CGDR), all

TB Coordinators in the states and municipalities and the health care workers in the TB pro-

gram in all cities that this study was conducted. We also thank Philippe Glaziou for sampling

support; Afrânio Kritski for the discussion of the project and contributions to the protocol

development; Caio Correa and Barbara Reis for the database preparation in the R program-

ming of the analysis and all the researchers from the Laboratorio de Epidemiologia from the

Federal University of Espı́rito Santo (UFES) who participated in the data collection in the

fieldwork.

Disclaimer: This project was supported by the President’s Emergency Plan for AIDS Relief

(PEPFAR) and the U.S. Centers for Disease Control and Prevention under the terms of Coop-

erative Agreement NU2G GH001152. The findings and conclusions of this report are solely

the responsibility of the authors and do not necessarily represent the official position of the

funding agencies. The author Julia Ershova works for the CDC and participated in the prepa-

ration of the initial proposal and in the writing of the article, but neither she nor the agency

had a decision on the analysis of the data and the publication of the research.

Author Contributions

Conceptualization: Ethel Leonor Noia Maciel, Letı́cya dos Santos Almeida Negri, Leticia

Molino Guidoni, Geisa Carlesso Fregona, Julia Ershova, Inés Garcia Baena.

Data curation: Peter Nguhiu.

Formal analysis: Eliana Zandonade, Peter Nguhiu.

Funding acquisition: Ethel Leonor Noia Maciel, Julia Ershova.

Investigation: Inés Garcia Baena.

Methodology: Ethel Leonor Noia Maciel, Letı́cya dos Santos Almeida Negri, Leticia Molino

Guidoni, Geisa Carlesso Fregona, Inés Garcia Baena.

Project administration: Ethel Leonor Noia Maciel, Geisa Carlesso Fregona.

Resources: Ethel Leonor Noia Maciel.

Supervision: Ethel Leonor Noia Maciel, Letı́cya dos Santos Almeida Negri, Inés Garcia Baena.

Validation: Ethel Leonor Noia Maciel, Inés Garcia Baena.

Writing – original draft: Ethel Leonor Noia Maciel, Letı́cya dos Santos Almeida Negri, Leticia

Molino Guidoni, Geisa Carlesso Fregona, Fernanda Dockhorn Costa Johansen, Mauro

PLOS ONE First national tuberculosis patient cost survey in Brazil

PLOS ONE | https://doi.org/10.1371/journal.pone.0287961 December 13, 2023 21 / 24

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0287961.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0287961.s002
https://doi.org/10.1371/journal.pone.0287961


Niskier Sanchez, Adriana da Silva Rezende Moreira, Fredi Alexander Diaz-Quijano, Maiko

Tonini, Eliana Zandonade, Julia Ershova, Peter Nguhiu, Inés Garcia Baena.

Writing – review & editing: Ethel Leonor Noia Maciel, Letı́cya dos Santos Almeida Negri,

Leticia Molino Guidoni, Geisa Carlesso Fregona, Fernanda Dockhorn Costa Johansen,

Mauro Niskier Sanchez, Adriana da Silva Rezende Moreira, Fredi Alexander Diaz-Quijano,

Maiko Tonini, Eliana Zandonade, Julia Ershova, Peter Nguhiu, Inés Garcia Baena.

References

1. Sustainable development goals [Internet]. New York: United Nations. Available from: https://

sustainabledevelopment.un.org/topics/sustainable%20development%20goals [Accessed 14 Septem-

ber 2021].

2. Maciel ELN, Sales CMM, Bertolde AI, Reis BS. Can Brazil achieve the new World Health Organization

global targets for tuberculosis control? Epidemiol. Serv. Saúde Brası́lia. 2018 July 02; 27(2).
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