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Among 43 pregnant women receiving multidrug-resistant/ 
rifampicin-resistant tuberculosis (MDR/RR-TB) treatment with 
bedaquiline and/or delamanid, 98% had favorable treatment 
outcomes. Of 31 continued pregnancies, 81% had live births with 
no reported malformations, and 68% of neonates had normal 
birth weights. Effective MDR/RR-TB treatment during pregnancy 
can improve maternal outcomes without harming neonates. 
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Although the prevalence of multidrug-resistant or rifampicin- 
resistant tuberculosis (MDR/RR-TB) among pregnant women 
is not well known, the global burden of TB among pregnant 

and post-partum women is estimated at 216 500 cases annually 
[1]. In resource-limited countries, the greatest burden of TB in 
women occurs during the reproductive years [1]. Management 
of MDR/RR-TB among pregnant women is complex because 
the potential teratogenic effects of some second-line TB medi-
cations are largely unknown due to the exclusion of pregnant 
and breastfeeding women from clinical trials [2, 3]. Prior to 
December 2022, the World Health Organization (WHO) rec-
ommended individualized treatment regimens composed of 
drugs with a preferred safety profile for pregnant women 
with MDR/RR-TB [4, 5]. The 2022 revision recommends a 
9-month, all-oral regimen with linezolid instead of ethion-
amide for pregnant women in whom resistance to fluoroquin-
olones (FQs) has been excluded [5]. These recommendations 
are based on animal studies and limited human data from small 
observational studies, and the lack of data is more pronounced 
for drugs with recent marketing authorization such as bedaqui-
line and delamanid and the 9-month regimen. There is ex-
tremely limited evidence to help women, their families, and 
clinicians make informed decisions about MDR/RR-TB treat-
ment during pregnancy. We describe maternal and neonatal 
outcomes among pregnant women who initiated routine 
MDR/RR-TB treatment containing new (bedaquiline and de-
lamanid) and repurposed drugs (eg, linezolid, clofazimine). 

METHODS 

Study Design 

Data on pregnancy, birth, and treatment outcomes were system-
atically collected by the Médecins Sans Frontières (MSF) phar-
macovigilance unit (PVU) supporting 2 observational studies. 
The endTB observational study was a multicenter prospective co-
hort study enrolling patients with MDR/RR-TB who initiated 
treatment with new and repurposed drugs under routine care 
from April 2015 through September 2018 in 17 countries 
[6, 7]. The ongoing Strengthening Evidence on Optimal 
Treatment of Multidrug-Resistant Tuberculosis (STEM-TB) co-
hort extended the endTB observational study in 3 countries by 
enrolling patients receiving 9-month all-oral bedaquiline- 
containing regimens under operational research conditions be-
ginning in September 2020. STEM-TB data through March 
2023 were used for this analysis. All individualized treatment reg-
imens were based on National TB Program and WHO guidelines 
and informed by the study-specific clinical guides to support 
physicians and programs in regimen design, monitoring, and 
management [8, 9]. For both cohorts, any patient with MDR/ 
RR-TB who reported a pregnancy at any time during treatment 
or follow-up was included in this study. Pregnancy notification 
lasted for a maximum of 6 months from the last dose of 
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bedaquiline. The PVU collected reports of serious adverse events, 
pregnancies, and medication errors. Patients were followed min-
imally until the end of MDR/RR-TB treatment, and pregnancies 
were followed until their outcome was known. 

Data Collection 

Clinical, sociodemographic, and microbiological data; laborato-
ry results; comorbidities; safety data; and TB treatment records 
were entered into an electronic medical record and PVU data-
base (Basecon, Hedehusene, Denmark) [7]. Follow-up was per-
formed according to monitoring schedules recommended by 
national and WHO guidelines. Clinicians assessed, recorded, 
and reported pregnancies to the PVU using a standardized preg-
nancy report form, recording estimated date of conception, drug 
exposure, pregnancy outcome, birth, birthweight, and neonatal 
malformations (minimally up to neonatal period). Treatment 
outcomes were defined based on WHO guidelines, with success 
defined as cure or treatment completion [10]. Poor treatment 
outcomes were defined as the sum of death, loss to follow-up, 
and treatment failure. Pregnancy outcomes were classified as 
live birth, elective termination of pregnancy, spontaneous abor-
tion, or outcome unknown [11, 12]. 

Statistical Analysis 

Descriptive statistics were calculated using Stata/SE 14.2 
(StataCorp, College Station, TX). 

Ethics Approval 

The endTB study (NCT03259269) was approved by the 
Partners Healthcare Human Research Committee (Boston, 
Massachusetts), the MSF Ethics Review Board (Geneva, 
Switzerland), and the Interactive Research and Development 
(IRD) Institutional Review Board (Karachi, Pakistan). 
STEM-TB (NCT05871489) was approved by the Harvard 
Medical School Institutional Review Board (IRB20-1316). Both 
studies were approved in enrolling countries by local ethics com-
mittees. Participants provided written informed consent. 

RESULTS 

Between 1 April 2015 and 1 March 2023, 1057 women of child-
bearing age (15–49 years) received treatment with bedaquiline 
and/or delamanid, and 48 pregnancies in 43 women were noti-
fied to the study (Table 1). These women came from 8 coun-
tries; their median age was 28 years (range, 18–39), and half 
(52%) had a normal body mass index at the time of treatment 
initiation. One (2%) was human immunodeficiency virus 
(HIV)–positive at the time of enrollment. Most women 
(74%) had been previously treated for TB; more than half 

Table 1. Baseline Characteristics and Pregnancy and Treatment 
Outcomes of Pregnant Patients Receiving Multidrug-Resistant/ 
Rifampicin-Resistant Tuberculosis Treatment Containing Bedaquiline 
and/or Delamanid 

Patient Characteristic N %  

Number of pregnant patientsa 43 100 

Year of treatment initiation      

2015 3 7  

2016 10 23  

2017 10 23  

2018 14 33  

2020 2 5  

2021 4 9 

Country codeb      

A 18 42  

B 9 21  

C 8 19  

D 4 9  

E 1 2  

F 1 2  

G 1 2  

H 1 2 

Agec      

Median age (range) 28 (18–39) 

Body mass index (n = 42)d      

Underweight (<18.5 kg/m2) 13 31  

Normal (18.5–24.9 kg/m2) 22 52  

Overweight (25–29.9 kg/m2) 7 17 

Human immunodeficiency virus statuse      

Positive 1 2  

Negative 42 98 

Treatment history      

No prior tuberculosis treatment 11 26  

Previously treated 32 74 

Resistance profilef      

MDR/RR 13 30  

MDR/RR + SLI 5 12  

MDR/RR + FQ 10 23  

XDR 15 35 

Extensive diseaseg      

Yes 3 7  

No 28 65  

Unknown 12 28 

Treatment received      

Linezolid 41 95  

Bedaquiline 40 93  

Clofazimine 29 67  

Delamanid 14 33  

Amikacin 9 21  

Capreomycin 5 12  

Kanamycin 3 7 

Treatment duration      

Median number of days (range) 609 251–950 

Treatment outcomesh      

Successful 42 98  

Poor 1 2   
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had resistance to an FQ, a second-line injectable, or both; and 3 
(7%) had extensive disease with high bacterial load and cavita-
tion on chest X ray. Actual treatment regimens received by 
pregnant patients from the endTB cohort are listed in  
Supplementary Table 1. The majority of patients received line-
zolid (95%), bedaquiline (93%), and/or clofazimine (67%) dur-
ing their treatment (Table 1). Some also received delamanid 
(33%) and second-line injectable drugs including amikacin 
(21%), capreomycin (12%), and kanamycin (7%). The median 
duration of MDR/RR-TB treatment was 609 days (range, 
251–950). Nearly all women (98%) had successful treatment 
outcomes, with 1 death recorded. 

Most pregnancies (73%, 35 of 48) began after MDR/RR-TB 
treatment initiation at a median of 258 days (range, 26–668) 
from enrollment. Eight (17%) pregnancies began prior to 

starting MDR/RR-TB treatment, and 5 (10%) pregnancies oc-
curred after completion of treatment. Of the 8 pregnancies 
that began prior to treatment, 4 (50%) were in the first trimes-
ter, 3 (38%) in the second trimester, and 1 (12%) in the third 
trimester at treatment start. For the women who became preg-
nant before the end of their treatment, median time of exposure 
to MDR/RR-TB medication during pregnancy was 82 days 
(range, 9–304). Bedaquiline was used in all 5 pregnancies that oc-
curred after treatment completion, within 5 months of the last 
dose at a median of 123 days (range, 5–138). Taken together, 
17 of 48 (35%) pregnancies were electively terminated. Of 31 
pregnancies that were continued, there were 32 birth outcomes, 
including 1 set of twins. There were 26 (81%) live births, 4 
(13%) unknown outcomes, and 2 (6%) that ended in spontaneous 
abortion early in pregnancy (8–14 weeks of gestation). Among 22 
live births with known birthweight, 15 infants (68%) had normal 
birthweight (≥2500 g) and 7 (32%) had low birthweight. The 
twins, both live births, and 7 other babies were born preterm 
(30–37 weeks of gestation). During the post-birth period, 1 
baby was started on DR-TB treatment and 1 baby with low birth-
weight died within 4 months from complications unrelated to TB. 
There were no maternal deaths or reported birth malformations. 

DISCUSSION 

In this prospective study of pregnant patients who received 
second-line MDR/RR-TB regimens that contained bedaquiline 
or delamanid, 98% of all mothers had successful treatment out-
comes, and at least 81% of continued pregnancies resulted in 
live births with 68% normal birthweight neonates. These TB 
treatment and pregnancy outcomes compare favorably with re-
sults from recent studies [13–15], including end-of-treatment 
outcomes reported for the overall endTB cohort [16, 17]. 

First-line TB drugs are safe during pregnancy, and treatment 
improves maternal and neonatal outcomes [18]. Meanwhile, 
little is known about the use of second-line TB drugs in preg-
nancy, and pregnant women are excluded from clinical re-
search on which WHO recommendations are based [2, 3]. 
Women with TB and their neonates have a greater risk of mor-
tality [19]. A study from Peru found high treatment success 
rates in both pregnant and nonpregnant women with pulmo-
nary TB, irrespective of drug-susceptibility profiles, demon-
strating that pregnant women can experience successful 
outcomes with appropriate treatment [20]. A South African 
study that compared outcomes in pregnant women who did 
and did not receive bedaquiline found that fetal exposure to be-
daquiline in utero was associated with low birthweight 
(<2500 g), with no other significant differences in infant, preg-
nancy, or maternal treatment outcomes [14]. Another small 
case study from South Africa found successful maternal treat-
ment outcomes and excellent birth outcomes in children 
born to pregnant women who were receiving bedaquiline, 

Table 1. Continued  

Pregnancy characteristics N %  

Number of pregnanciesa 48 100 

Pregnancy timeline      

Before treatment initiation 8 17  

During treatment 35 73  

After end of treatment 5 10 

Duration of treatment during pregnancy (n = 40)i      

Median number of days (range) 82 (9–304) 

Pregnancy outcomes      

Pregnancy terminated electively 17 35  

Pregnancy continued 31 65 

Birth outcomes (n = 32)j      

Live birth 26 81  

Spontaneous abortion 2 6  

Unknown 4 13 

Birthweight (n = 22)k      

Normal (≥2500 g) 15 68  

Low (<2500 g) 7 32 

Abbreviations: FQ, fluoroquinolone; MDR/RR, multidrug-resistant/rifampicin-resistant; SLI, 
second-line injectable; XDR, extensively drug-resistant.  
aA total of 48 pregnancies were reported for 43 women; 5 women had multiple pregnancies 
during the study; 1 woman had twins.  
bCountries coded to remove indirect identifier of concerned women. These include 
Armenia, Georgia, Haiti, Indonesia, Kazakhstan, Lesotho, Pakistan, and Peru.   
cPatient’s age at time of treatment initiation.  
dPatient’s body mass index at time of treatment initiation. Weight not available for 1 patient.  
ePatient’s human immunodeficiency virus status at time of treatment initiation.  
fPatient’s drug resistance profile at time of treatment initiation. MDR/RR, resistant to 
isoniazid and rifampicin; MDR/RR + SLI, resistant to isoniazid and rifampicin and any 
second-line injectable only; MDR/RR + FQ, resistant to isoniazid and rifampicin and any 
fluoroquinolone only; XDR, resistant to isoniazid and rifampicin and any fluoroquinolone 
and at least 1 second-line injectable.   
gExtensive disease, 3+ smear-positives with cavitation on chest X ray. Unknown if smear 
results or chest X ray not available. For the 3 patients who had extensive disease, 2 were 
cured and 1 died.  
hTreatment outcomes: successful, cured, or treatment completed; poor, treatment failure, 
lost to follow-up, or died. There were no outcomes not evaluated.  
iDuration of MDR/RR tuberculosis treatment during pregnancy. Excludes 5 women who 
became pregnant after the end of treatment and 3 women whose pregnancy outcome 
dates were unknown.  
jBirth outcomes for 32 fetuses from 31 continued pregnancies. Includes 1 set of twins, both 
live births.  
kBirth weight unknown for 4 infants.   
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delamanid, and linezolid [21]. In light of this evidence, in their 
most recent update to treatment guidelines, WHO now recom-
mends a 9-month, all-oral regimen that includes linezolid, in-
stead of ethionamide, for pregnant women with MDR/RR-TB 
without documented FQ resistance [5]. 

In the endTB and STEM-TB studies, we counseled women 
and their partners on the use of contraceptives and provided re-
sources. However, contraceptive use was not mandated, and 
uptake varied by personal preference, access to free contracep-
tion, and cultural barriers. In our study, 17 patients terminated 
their pregnancies. 

While our study was small, it comprised a diverse population 
from 8 participating countries. The limited number of partici-
pants precluded study of the role of HIV coinfection and other 
comorbidities. Our study was not designed to look at in utero 
risk of individual drug exposure. However, we systematically 
collected data for all patients with close follow-up monitoring 
and reporting of safety events. Data on breastfeeding as well 
as any longer-term follow-up of infants beyond 1 year of age 
was not formally collected. 

CONCLUSIONS 

Pregnant women who received effective MDR/RR-TB treat-
ment regimens had excellent outcomes, and no major negative 
impacts were detected in their infants. These data could be ac-
centuated by comparisons with other cohorts not affected by 
TB or exposed to different MDR/RR-TB treatments and iden-
tification of factors that contribute to low birthweight in babies 
born to mothers with MDR/RR-TB. Inclusion of pregnant 
women in clinical trials would facilitate generation of these 
data. Finally, a global registry is urgently needed to contribute 
to the evidence base to assist parents, clinicians, and TB pro-
grams with informed decision-making. 

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