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Abstract

Pregnant women and their infants are a vulnerable but neglected population in tuberculosis 
(TB) control efforts. Recent advances in TB prevention, diagnosis and treatment have 
implications for their care, despite their frequent exclusion from research. We have 
conducted a meta-review of current evidence and clinical guidelines for TB prevention, 
diagnosis and management in pregnant women and neonates, focusing on review articles 
published since 2010. 

The actual burden of pregnancy-related TB is unmeasured, but has been estimated at 
216,500 cases per year. Although the effect of pregnancy on TB risk is uncertain and 
controversial, two large whole-of-population studies found that pregnancy was associated 
with a two- to three-fold increase in risk of TB. Congenital TB is rare but extremely serious. 
Neonates exposed to TB after delivery will be at high risk of disease, and preventive therapy 
is recommended once disease has been ruled out. At present, there is limited evidence 
regarding the performance of different screening strategies for pregnant women, 
appropriate drug dosing for either pregnant women or neonates, and the safety of most 
second-line drugs in pregnancy. High quality evidence on these topics is needed, as are 
detailed guidelines to inform efforts by TB control programs and clinicians working with 
pregnant women and their infants.  

Educational Aims 

Readers should come to appreciate that: 

 The burden of tuberculosis in pregnancy has never been measured, and routine data 
collection on both incidence and outcomes should be prioritised

 Although TB screening is recommended for pregnant women in high burden settings, 
clinical presentation in pregnancy is known to be atypical, and there is limited 
guidance regarding appropriate screening algorithms

 Drug regimens recommended for the treatment and prevention of TB in pregnant 
women and neonates are similar to the rest of the population, although some drugs 
should be avoided (aminoglycosides; delaminid) and there are limited safety data for 
pyrazinamide relative to the other first-line drugs

 Pharmacokinetic and safety studies in pregnant women and neonates are needed to 
inform detailed guidelines on appropriate dosing 
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Introduction

Pregnant women are increasingly recognised as an important vulnerable population in 
tuberculosis (TB) control, but are still very much neglected.1-4 Pregnancy-related TB is an 
important cause of maternal morbidity and mortality in many countries,3 and is associated 
with significant risks to both the mother and the foetus/infant.5 Therefore, recent advances 
in the diagnosis, treatment and prevention of TB have important clinical and public health 
implications for pregnant women and neonates. However, despite these recent advances, 
major knowledge gaps persist. Current guidelines for the care of pregnant women with TB 
and their infants rely heavily on data from studies in the general population, and from animal 
studies.6 Important questions persist regarding optimal TB prevention, screening, diagnosis, 
and treatment in pregnancy, especially in the context of co-morbid HIV or drug resistant 
TB.3,6,7 

Methods

We aimed to conduct a critical narrative meta-review of review articles on TB in pregnant 
women and/or neonates published in the past decade, to synthesise the current evidence on 
epidemiology and clinical management of TB in these populations. 

We searched PubMed on August 29, 2019 with the following strings: 

"tuberculosis"[Title] AND "pregnancy"[All Fields] AND Review[ptyp]

("congenital"[Title] OR "neonatal"[Title]) AND "tuberculosis"[Title] AND Review[ptyp]

(("bedaquiline"[Supplementary Concept] OR "bedaquiline"[All Fields]) OR ("OPC-
67683"[Supplementary Concept] OR "OPC-67683"[All Fields] OR "delamanid"[All 
Fields])) AND ("pregnancy"[MeSH Terms] OR "pregnancy"[All Fields])

We included review articles published from 2010 onwards that focused on TB in pregnant 
women and neonates, including latent TB infection (LTBI) and multi-drug resistant (MDR) TB. 
We excluded articles that focused on animal research and reviews that focused on the 
fertility impacts of urogenital TB. 

We consulted published clinical guidelines to confirm the information in the included articles. 
We evaluated the quality of reviews in relation to whether conclusions were appropriately 
supported by the findings of included studies, and with regard to the geographic coverage of 
the original research. 

Results and Discussion

The three searches returned 159 publications, of which 12 were duplicates. Of the remaining 
147, 83 were potentially relevant. We decided to exclude reviews published prior to 2010 to 
avoid citing numerous reviews that drew on the same source literature, and in order to focus 
on up-to-date information. This resulted in 42 potentially relevant publications. Of these, 16 
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were excluded based on title and 12 were excluded based on full text. This left 14 review 
articles for inclusion in this meta-review [Table 1]. We searched reference lists for additional 
articles of interest to provide supplementary information for the included studies. 

Table 1. Eligible reviews on TB in pregnant women and/or neonates published during or after 
2010, listed in chronological order

# Authors (Year) Title Journal

1
Nhan-Chang & 
Jones (2010)8  Tuberculosis in pregnancy

 Clin Obstet 
Gynecol 

2

Burkett & 
Bradshaw 
(2011)9

 Neonatal tuberculosis: neonatal intensive care unit 
considerations in the United States

Adv Neonatal 
Care 

3

Mnyani & 
McIntyre 
(2011)10  Tuberculosis in pregnancy

Brit J Obst 
Gyn

4
Getahun et al 
(2012)3

 Prevention, diagnosis, and treatment of tuberculosis in 
children and mothers: evidence for action for maternal, 
neonatal, and child health services  J Infect Dis 

5
Loto & Awowole 
(2012)11  Tuberculosis in pregnancy: a review  J Pregnancy 

6
Mathad & Gupta 
(2012)2

 Tuberculosis in pregnant and postpartum women: 
epidemiology, management, and research gaps  Clin Infect Dis 

7
Nguyen et al 
(2014)12

 Tuberculosis care for pregnant women: a systematic 
review

 BMC Infect 
Dis 

8
Gould & Aronoff 
(2016)13

 Tuberculosis and Pregnancy - Maternal, Fetal, and 
Neonatal Considerations

 Microbiol 
Spectr 

9
Malhame et al  
(2016)14  Latent Tuberculosis in Pregnancy: A Systematic Review  PLoS One 

10
Saramba & Zhao  
(2016)15

 A Perspective of the Diagnosis and Management of 
Congenital Tuberculosis

Paediatr Int 
Child Health 

11
Sobhy et al  
(2017)5

 Maternal and perinatal mortality and morbidity 
associated with tuberculosis during pregnancy and the 
postpartum period: a systematic review and meta-
analysis  J Pathog 

12
Chang & Wu  
(2018)16

 Congenital tuberculosis: case report and review of the 
literature

 Paediatr Int 
Child Health 

13
Esmail et al 
(2018)17

 Management of drug-resistant tuberculosis in special 
sub-populations including those with HIV co-infection, 
pregnancy, diabetes, organ-specific dysfunction, and in 
the critically ill  J Thorac Dis 

14

Newberry & 
Robertson Bell 
(2018)18

Congenital Tuberculosis: A New Concern in the Neonatal 
Intensive Care Unit

 Adv Neonatal 
Care
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TB in Pregnancy

Epidemiology

It has been estimated that 216,500 women experienced TB during pregnancy globally in 
2014.19 However, this is likely to be an underestimate for a number of reasons. Firstly, the 
estimate was based on global estimates of TB incidence that have since been revised 
upwards, from 9 million cases per year to 10 million cases per year.20 Secondly, the 
methodology did not account for the fact that the risk of TB appears to increase by 2- to 3-
fold during late pregnancy and the postpartum period,21,22 which will increase the burden of 
pregnancy-related TB. Consequently, the true global burden of pregnancy-related TB is 
unknown.2,3 At present, information on pregnancy is not routinely collected in TB surveillance 
efforts nationally or internationally, and pregnant women are not routinely screened for TB in 
most settings.3 There is an urgent need for case-notification data on this issue to better 
understand the true burden of disease, including in relation to different risk-factors such as 
age and HIV status as well as by geographic region. 

A 2017 systematic review documented disease presentation, treatment outcomes and 
pregnancy outcomes in 3,384 women who participated in 13 distinct studies and were 
compared to controls without TB.5 Only six of the 13 studies were conducted in low-or 
middle-income countries,5 despite the far greater burden of TB during pregnancy in these 
settings, highlighting the need for additional data from high-burden settings. 

Consequences of TB in pregnancy

In 10 relevant studies in the review by Sobhy, maternal TB was associated with approximately 
four-fold higher odds of death in both women and their infants.5 In the one study reporting 
on miscarriage, maternal TB was associated with an odds ratio of 9.1 (95% CI: 4.9, 16.7);23 
stillbirth was not addressed as a separate outcome.5 Pregnant women with TB were at 
elevated risk of preterm birth (OR 1.7, 95% CI 1.2–2.4), and their babies were more likely to 
have low birth weight (OR 1.7, 95% CI 1.2–2.4).5 Outcomes were worse in women who were 
diagnosed later in pregnancy.5 Two reviews stated that women with adequately treated TB 
were not at increased risk of adverse pregnancy outcomes,8,13 but these statements were 
supported with reference to two small studies from the mid-twentieth century,24,25 one of 
which did not actually compare pregnancy outcomes in women with and without active TB.25 
It is challenging to confidently assess the extent to which appropriate clinical management of 
TB mitigates the risk of adverse birth outcomes, as timing of diagnosis for women in 
published cohorts has varied, along with severity of disease.10,11 Adverse birth outcomes may 
be rare in some cohorts,24 but this does not necessarily imply that TB treatment brings the 
risk of these events back to background levels. As in other adults, HIV predisposes pregnant 
women to more severe TB disease and poorer outcomes.5,13,26 

Preventing TB in pregnancy

Prevention of TB during pregnancy relies not only on infection control and appropriate use of 
preventive therapy in pregnant women, but also on the provision of effective contraception 
to women being treated for TB.5,12 Strikingly, in 73% of the cases included in the systematic 
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review by Sobhy et al, the pregnancy occurred after TB was diagnosed, rather than TB being 
diagnosed in the course of the pregnancy.5 Rifamycins adversely affect the metabolism of 
contraceptive hormones,27 and women being treated for TB should be provided information 
about and access to effective contraception (such as injectable depot medroxyprogesterone 
acetate, which does not appear to be affected by rifampicin,  either copper or intrauterine 
devices, or barrier methods28). There is limited evidence on the impact of rifampicin on the 
effectiveness of progesterone-only contraception compared to combined oral contraceptive 
pill.28 Data on contraceptive access and coverage among women of reproductive age being 
treated for TB would be of value, as would additional real-world data on the failure rates of 
different contraceptive methods used by these women. 

Current guidelines provide limited advice to clinicians considering TB preventive therapy for 
pregnant women,7,29,30 and there is sparse and conflicting evidence on the safety of 
preventive therapy during pregnancy even from recent studies.31-33 Although preventive 
therapy can be administered during pregnancy,29 the risk-benefit assessment is more 
complex than in other adults. A recent randomised controlled trial observed more frequent 
adverse birth outcomes in HIV-positive women who started isoniazid preventive therapy 
during pregnancy, as opposed to after delivery.31 In several studies reviewed by Nguyen et al, 
the acceptability of preventive therapy in pregnancy appeared to be poor, with much lower 
uptake and completion rates in pregnant women compared to other adults.12 Current 
recommendations emphasise carefully weighing the apparent risk of progression against 
potential risks. Pregnant or breast-feeding women who do receive isoniazid should receive 
pyridoxine (vitamin B6) supplementation to prevent peripheral neuropathy.10 

There is currently limited data on the safety of newer rifapentine-based regimens for TB 
prevention in pregnant women.7,34 A post-hoc analysis of 54 women who became pregnant 
while receiving a 12-dose once-weekly regimen of isoniazid and rifapentine (3HP) and 72 
women receiving 9-month daily isoniazid (9H) in two clinical trials did not show increased 
rates of adverse events in the 3HP group.32 Current guidelines suggest preventive therapy 
during pregnancy only for women at high risk of progression,29,30 and highlight the need for 
additional safety data. At least one additional study on preventive therapy in pregnancy is 
currently underway.35

Screening and diagnosis in pregnancy

TB screening and diagnosis in pregnancy can be challenging.3 In general, symptoms are 
similar to other adults, and pulmonary disease remains the most common manifestation.10,13 
The basic algorithm for clinical assessment of pregnant women with suspected TB is the same 
as for other adults, with diagnosis relying on a combination of symptoms, radiography, and 
laboratory investigations including smear microscopy, molecular tests (e.g. Xpert MTB/Rif) 
and, if available, mycobacterial culture.3,10 Pregnancy is not a contraindication for the use of 
shielded chest x-ray in TB screening or diagnosis.36  

In settings where TB prevalence is ≥100 cases per 100,000 population, WHO recommends 
consideration of TB screening for pregnant women, using either shielded chest radiography 
or symptom-based screening [Box 1].36 Ideally, screening would be conducted as part of 
integrated antenatal care, and through services managing pregnant women with HIV.3 
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Published evaluations of the implementation of TB screening in antenatal care in low and 
middle income countries would be of value. 

Box 1. WHO recommendation on TB testing in pregnancy36

B.1.8: In settings where the tuberculosis (TB) prevalence in the general population is 
100/100 000 population or higher, systematic screening for active TB should be considered 
for pregnant women as part of antenatal care.

Remarks: 
Options for initial screening include screening for symptoms (either for cough lasting longer 
than two weeks, or any symptoms compatible with TB, including a cough of any duration, 
haemoptysis, weight loss, fever or night sweats) or screening with shielded chest 
radiography. The use of shielded chest radiography in pregnant women poses no significant 
risk but the national guidelines for the use of radiography during pregnancy should be 
followed.

Identifying an optimal algorithm for TB screening in pregnancy is challenging. Symptom 
screening has limited sensitivity, as a substantial proportion of pregnant women with active 
TB are asymptomatic.8,13 Symptoms may be atypical or masked by the pregnancy, such as 
weight loss (offset by weight gain during pregnancy),  lethargy (common in pregnancy), night 
sweats and respiratory discomfort. 11,12 Gould and Aronoff note that various algorithms have 
demonstrated high negative predictive values in practice.13 However, this is to be expected 
even if an algorithm were quite poor, simply because in most settings, a very large majority 
of women screened will not have TB. The combination of low population prevalence with the 
limited sensitivity and specificity of most tests will generate large numbers of false positives 
(which require resource-intensive investigations), and non-trivial numbers of false negatives 
(which result in missed opportunities to intervene). The best algorithm will be context 
specific, depending greatly on the prevalence of disease and the resources available. 

Management of Drug Sensitive-TB in pregnancy

Pregnant women with pulmonary drug-sensitive TB may be treated with either the traditional 
four-drug regimen, or a modified three-drug regimen which excludes pyrazinamide, 
extending treatment duration to nine months.8,37 The WHO recommends that the standard 
four-drug regimen be used in all adults with drug-sensitive TB and makes no specific 
recommendations for treatment in pregnancy.29 However, using pyrazinamide in pregnancy 
has been controversial in some settings (notably the US) due to a relative lack of safety 
data.11,13,37 US CDC guidelines acknowledge that in some circumstances (for example HIV/TB, 
extrapulmonary disease, or severe disease), the benefits of pyrazinamide use may outweigh 
the hypothetical risks of toxicity.37 Streptomycin (an aminoglycoside) should not be used due 
to a high risk of foetal ototoxicity.8,11 Pregnancy may increase the risk of isoniazid-induced 
hepatitis, and liver function should be monitored during treatment.8  Vitamin K 
supplementation is recommended for the infant at birth, in order to reduce the risk of 
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haemolytic anaemia following exposure to rifampicin via the placenta.8 Management of TB 
during pregnancy in women living with HIV is complex,38 particularly if the woman has not yet 
started ART. Physicians should consult appropriate up-to-date guidelines with regard to drug-
drug interactions, and the safety of ART drugs in pregnancy.10

Management of drug resistant TB in pregnancy

The management of drug resistant TB in pregnancy is challenging, and there is a very limited 
evidence base to guide clinicians.39 This is largely because pregnant women are typically 
excluded from clinical trials due to safety concerns. We identified only two review articles 
addressing MDR-TB during pregnancy.11,17 A third recent publication by Gupta et al reviewed 
the current state of drug development in several key populations, including pregnant 
women.6 There is sparse evidence on the safety of most second line drugs in pregnancy, and 
almost all evidence comes from animal studies, with the exceptions of occasional small case 
series or case reports.6,17 Most second line drugs are classified as class ‘C’ under the previous 
Food and Drug Administration classification system, meaning that animal reproduction 
studies have shown a risk and there are no adequate and well-controlled studies in humans, 
although the benefits of use drug pregnancy may outweigh the potential risks.6 Data from 
routine care and clinical trials are urgently needed to better ascertain the safety of these 
drugs during pregnancy.39 

The aminoglycosides should usually be avoided in pregnancy due to risk of ototoxicity and 
foetal malformation; ethionamide and prothionamide are potentially teratogenic.1 For this 
reason, pregnant women are ineligible to receive the standardized shortened 9-11 month 
regimen for MDR-TB.40 Delaminid has shown evidence of teratogenicity in animal studies, and 
is not currently recommended in pregnancy.17 Bedaquiline has not demonstrated risk in 
animal studies,17 and case reports of its use in pregnant women are entering the 
literature.41,42 Additional data on clinical outcomes for pregnant women treated in routine 
care or in clinical trials would be valuable. Both bedaquiline and delaminid have been shown 
to be excreted in milk in animal studies, a factor which must be considered by breast-feeding 
women and their clinicians.17

Congenital and neonatal TB

We identified 5 review articles addressing congenital and neonatal TB.9,13,15,16,18 

Epidemiology

To our knowledge, there are no incidence estimates for either congenital or neonatal TB. 
WHO estimates suggest that approximately 530,000 children aged 0-4 years developed TB in 
2017,20 but estimates for neonates and infants are not available. During pregnancy, the 
foetus may be exposed to TB via either the umbilical vein, or through infected amniotic fluid; 
infants may also be exposed during delivery.9,10,13,15,43 Congenital TB is rare, but has high 
mortality,11,13 and neonates with congenital TB may deteriorate rapidly.43 Following birth, 
neonates may be exposed to respiratory droplets if the mother or another care-giver has 
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infectious pulmonary TB, and in this scenario the risk of progression will be very high.44,45 
Epidemiologic data show that infants under 1 year old are at extreme risk of progression to 
disease following infection: 70% of infants accidentally inoculated with Mycobacterium 
tuberculosis (M.tb) in the Lubeck disaster in 1930 developed clinical disease.44 

TB prevention in infants

Prevention of congenital TB relies on timely diagnosis and appropriate treatment of the 
pregnant mother.3,8 Likewise, prevention of transmission after delivery can be achieved if the 
mother’s treatment has controlled her own TB sufficiently that she is no longer able to 
transmit TB.3,8 Preventive therapy  is recommended for newborns exposed to M.tb who have 
no evidence of TB disease, and BCG is delayed.46 Dosage is weight dependent and will require 
adjustment as the newborn gains weight.46 Options for preventive therapy for a newborn 
exposed to drug-susceptible TB include isoniazid alone or rifampicin-isoniazid combinations, 
for which there is now a dispersible formulation that allows adjustment for accurate dosing.46 
Close follow-up is required to monitor weight gain and clinical evidence of TB disease. If there 
is no evidence of TB, a test for infection (TST) is performed at 3 months after exposure.46 If 
TST negative, then preventive therapy can be ceased and BCG vaccination is provided if the 
infant does not have HIV.46 If the infant is TST positive, then the preventive therapy regimen 
(at least 6 months of isoniazid alone or 3 months of rifampicin-isoniazid) is completed.46

TB diagnosis and management in neonates

TB signs and symptoms in neonates are diverse, and often extend beyond the respiratory 
system.9,15,43 Some neonates may be asymptomatic. Although intrathoracic TB is the 
commonest manifestation in all age groups, infants are particularly prone to disseminated 
disease and to TB meningitis.18 Congenital TB often involves the liver and related 
organs.9,11,15,16,43 There are numerous barriers to diagnostic confirmation in neonates, most 
significantly the low sensitivity of immunologic and microbiologic tests. Clinical diagnosis 
relies on symptoms, radiographic results, history of possible exposure, and response to 
therapy.9,18 Clinicians working in low resource settings may have limited access to 
radiography, immunologic tests, or microbiologic tests.46 A high index of suspicion should be 
maintained in symptomatic and severely ill infants, especially in those with a known TB 
contact, and absence of diagnostic confirmation should not rule out TB therapy.46 

Drug regimens for neonates are the same as for other children, although dose adjustments 
may be required to balance efficacy against toxicity. Ideally, dosing should be managed by a 
clinician with experience in treating young children for TB, and adjusted as infants gain 
weight.46 Pharmacokinetic studies are increasingly enrolling young children and infants in 
order to better understand optimal dosing in these age groups.6 Drug administration can be 
challenging in young children, and dispersible fixed dose combinations are not yet universally 
available.

Future Research Directions

We identified a number of priorities for future research with regards to prevention, 
detection, and treatment of TB in pregnancy [Table 2]. 
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Table 2. Evidence gaps and required studies

Gaps Studies needed
Prevention Randomised controlled trials to establish the safety and optimal timing of 

preventive therapy regimens in pregnancy and/or post-partum 

Pharmacokinetic and safety studies to establish appropriate dosing for 
pregnant women and neonates receiving preventive therapy

Data on the efficacy of different contraceptive options, and programmatic 
data on contraceptive coverage among women of reproductive age 
receiving TB treatment

Detection Operational research on the performance of different screening and 
diagnostic algorithms in diverse settings

Evaluation of diagnostic tests for disease and infection in pregnancy

Prevalence data from screening studies in antenatal care in diverse 
settings

Routine TB surveillance data recording pregnancy status

Treatment Pharmacokinetic studies to establish appropriate doses for treatment of 
disease in pregnant women and neonates

Prospective cohort studies and randomised controlled trials of the safety 
of second-line TB drugs during pregnancy, including in the first trimester

As in other populations, the limitations of current diagnostic tests and the complexity of 
clinical evaluation present a barrier to timely screening and diagnosis in pregnant women, 
and especially neonates.3 The optimal screening algorithms for TB in pregnant women will be 
setting-specific, and evidence is needed from operational research in a variety of settings to 
guide implementation. Negative predictive value is important, but sensitivity and number 
needed to screen are also important indicators, and were reported far less often in the 
literature we reviewed. 

Standard tools for TB surveillance do not include any indicators on TB in pregnancy,47 and as 
a consequence, routine data on both incidence and outcomes are lacking. Where feasible, 
national TB programs could consider including variables to record pregnancy in case based 
electronic surveillance systems for TB. Electronic medical records used in either TB services 
or antenatal care services could also be modified to capture data about TB in pregnant 
women, including adverse drug reactions and pregnancy outcomes for observational studies. 

The safety of drugs for drug resistant TB during pregnancy is an open and critical question, 
given that animal studies suggest a majority of these drugs present some risk.6 The authors 
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are currently working towards establishing an international registry for TB in pregnancy, 
which will record adverse events and pregnancy outcomes. In addition to drug safety, high 
quality data on the pharmacokinetics of TB drugs in pregnant women and in neonates are 
urgently needed to inform appropriate guidance on dosing in these populations.6 More 
studies are needed to settle the question of whether, or in what circumstances, preventive 
therapy should be deferred until after delivery.31 

Conclusions

TB in pregnancy is a serious event for both the mother and the foetus, dramatically 
increasing the risks of miscarriage, maternal death, and neonatal death. Although TB 
screening during pregnancy is recommended in some settings, reliable algorithms have not 
yet been identified. Diagnosis can be challenging in both pregnant women and in neonates. 
There is limited guidance for clinicians regarding appropriate drug dosing for pregnant 
women or neonates, and almost no data from humans on the safety of second-line TB drugs 
in pregnancy. High-quality evidence on these topics is needed to inform clearer and more 
specific guidelines regarding the prevention, detection and management of TB in pregnant 
women and their infants. 
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