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Overview
• Global TB burden and 

epidemiology

• Impact on maternal-child 
health outcomes

• Screening for active disease 
and TB infection in 
pregnancy/ postpartum

• Treatment for TB and TBI

• Ongoing research



Patient Presentation

• HPI: 26 yo Indian female G2P1 @ 10 weeks gestational age 
presenting with vaginal bleeding and abdominal pain

• Diagnosed with pulmonary TB at ~6 weeks gestational age
• Sputum AFB positive 2+
• Anti TB therapy started

• Ultrasound now shows signs of gestational failure

BJMC, Sassoon Hospital  Pune Case, Dr. Shilpa Naik



• 26 y.o. Ghanaian pregnant female with gestational diabetes and prior 
PPD+
• 4 months of cough
• No chest radiograph done until after delivery due to fear of radiation 

exposure
• DELAY in diagnosis

• Dissemination to eye causing optic atrophy, chorioretinitis, uveitis
• Neonate separated from mother, formula fed and provided INH/B6
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Background. Tuberculosis (TB) is a disease that a(ects hundreds of millions of people across the world. However, the incidence in
developed countries has decreased over the past decades causing physicians to become unfamiliar with its unspeci)c symptoms.
Pregnant individuals are especially di*cult because many symptoms of active TB can mimic normal physiological changes of
pregnancy. We present a case report of a 26-year-old multiparous woman, G4P3003, at 38-week gestation with a history of positive
PPD who emigrated from Ghana 6 years ago. She came to the hospital with an initial complaint of suprapubic pain, pressure, and
possible leakage of amniotic .uid for the past week. Patient also complained of a productive cough for the past 3 to 4months with
a decrease in vision occurring with the start of pregnancy. Visual acuity was worse than 20/200 in both eyes. De)nitive diagnosis
of active TB was delayed due to patient refusal of chest X-ray. Fortunately, delay in diagnosis was minimized since patient delivered
within 24 hours of admission. Active TB was con)rmed with intraocular dissemination. Patient had optic atrophy OS (le/ eye) and
papillitis, choroiditis, and uveitis OD (right eye) due to TB in)ltration. Fetus was asymptomatic and anti-TB therapy was started
for both patients.

1. Introduction

According to the most recent World Health Organization
(WHO) data from 2014, around 3.3 million women contract
tuberculosis (TB) a year with a total mortality of about
510,000 [1]. Out of 510,000 people who died, 180,000 were
HIV positive [1]. Worldwide, TB is the third leading cause of
morbidity andprematuremortality inwomenof reproductive
age from 15 to 44 years old [2–4].

However, approximately one-third of the world’s pop-
ulation or approximately 900 million women have latent
tuberculosis infection (LTBI) [1]. Pregnant women with LTBI
are more likely to progress to active tuberculous disease than
men [5].

'e prevalence of active TB among pregnant women
ranges from 0.06% to 0.25% in low-burden countries com-
pared to 0.07% and 0.5% in high-burden countries. Preva-
lence was found to increase in high-burden countries to 0.7%
and 11% when coinfected with HIV [6].

In 2014, Southeast Asia and the Western Paci)c Regions
had the greatest incidence of TB, accounting for 58% of new
cases globally [1]. However, Africa carried the most severe
burden, with an average of 281 cases per 100,000 compared
with a global average of 133 per 100,000 [1]. Particularly, the
prevalence of TB inGhana is very high with 282 infected with
TB per 100,000 [1].

Although the prevalence of TB has decreased in the
United States, immigrant populations from high-burden

HindaXi PVbliThing CPSQPSaUiPn
CaTe ReQPSUT in PVlmPnPlPgZ
VPlVme 2015, ASUicle ID 370462, 6 QageT
hUUQ://dY.dPi.PSg/10.1155/2015/370462

Rezai Case reports in Pulmonology 2015



• 33 yo woman developed MDR TB in Republic of Georgia in 2008, 
relapsed in 2012 then developed XDR TB in 2014. 
• Incomplete treatment with PZA, cycloserine, PAS, amox/clav, 

capreomycin, levofloxacin, prothanimide, clarithro, clofazamine.

• Became pregnant and not on treatment. At 31 weeks sought 
care in France. She had chronic cough, cavitary lung lesion, no 
weight loss. Fetus had no abnormalities. 
• Resistance to INH, RIF, low level FQ, EMB, ethionamide, AG but 

susceptible to cycloserine, PAS, bedaqualline, linezolid
• At 36 weeks gestation: bedaqualline, linezolid 600mg/d, PAS, 

cycloserine, levofloxacin initiated
• At 39 weeks delivered FT healthy baby, placenta negative for MTB, 

infant negative for TB by gastric washings, Xray, and was separated from 
mom as still smear+
• Mom completed 24 month treatment. Baby well at 2 years with normal 

growth
EID Vol 23, No 10, October 2017



What is the burden of TB in 
pregnancy?



10 million new diagnoses of active 
TB

5.7

million

3.2
million

1.1 
million

?

Global TB burden

WHO 2019
Sugarman, Lancet Global Health 
2014

TB burden in pregnancy is high, 
and likely underreported



Peak TB incidence in women of 
reproductive age irrespective of HIV
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TB Case Rates by Age Group and Sex, 
United States, 2014
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CDC 2014

US TB Epidemiology in Pregnancy

El-Messidi AJOG 2016

Prevalence of Pulmonary and Non-pulmonary TB, 
2003-2011

26.6 cases/100,000 
pregnancies

7,772,999 births, of which 2064 to women with TB



Prevalence of TB in pregnancy

Mathad & Gupta, CID 2012

Study Site HIV-negative HIV-positive
Low burden countries 0.06-0.25% 1%
High-burden countries 0.07-0.53% 0.69-11%

Active TB

Study Site HIV-negative HIV-positive
Low burden countries 10-23% 11-26%
High-burden countries 18-34% 21-49%

Latent TB

• No national reporting for high burden countries
• Data based on individual screening studies



Prevalence of TB disease in HIV-infected 
pregnant women in high burden settings
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Slide courtesy of Sylvia LaCourse, Univ of Washington



Global estimate of TB in pregnancy

Sugarman, Lancet Global Health 2014

Based on total population, crude birth rate, age distribution, TB case notification by age/sex



Mafirakureva Union Conference 2019

WHO Region Pregnancy Postpartum
Mean (95% uncertainty range) Mean (95% uncertainty range)

All countries combined 150 600 (119 800, 181 300) 49 000(39 000, 59 000)
AFR 60 900 (48 300, 73 400) 19 000 (15 700, 23 900)
AMR 3 000 (2 500, 3 500) 1000 (800 , 1 100)
EMR 16 300 (9 000, 23 500) 5 300 (2 900, 7 700)
EUR 2 800 (2 100, 3 500) 900 (700, 1 100)
SEA 54 300 (27 700, 81 000) 17 700 (9 000, 26 400)
WPR 13 300 (8 500, 18 200) 4 300 (2 800, 5 900)

Revisiting The Burden of TB in Pregnant 
and Post-partum Women

+ Prevalence potentially lower 
than previously estimated

- Data on TB in pregnancy and 
postpartum not routinely 
collected
HOW DO WE IMPROVE OUR ESTIMATES IF WE 
DON’T ACTUALLY REPORT TB CASES IN 
PREGNANCY?



Mafirakureva Union Conference 2019

Revisiting the Burden of TB in 
Pregnant and Post-partum Women

0 1 2 3 4
Estimated number of TB incident cases per 1000 pregnant women

0.0 0.5 1.0
Estimated number of TB incident cases per 1000 pregnant women

PREGNANCY POSTPARTUM

HOW DO WE GET PREGNANCY ESTIMATES 
IN FUTURE GLOBAL TB REPORTS?



Pregnancy Status In The U.S. National 
Tuberculosis Surveillance System (NTSS)
• TB in pregnancy not currently captured under routine surveillance in US

• CDC 2020 Revision of the Report of Verified Case of Tuberculosis (RVCT)

• Opportunity to improve our understanding of TB outcomes among 
pregnant women using surveillance data

Pregnancy

Postpartum
Gestational age

Infant outcome

The “wish list”:

Brostrom Union Conference 2019



Demographics
If female, pregnancy status of the patient at 
time of diagnostic evaluation:
___delivered or miscarried within 12 
weeks prior to TB diagnosis
___pregnant at the time of diagnostic 
evaluation
___no pregnancy
___unknown

Additional Risk Factors
___delivered or miscarried within 12 weeks 
prior to diagnosis
___undergoing IVF or other fertility trtmt

Final TB Disease Case Outcome
If pregnant at the time of diagnostic 
evaluation or pregnant during treatment:
___maternal complications during delivery 
___spontaneous or induced abortion
___live or still birth
___premature birth
___low birth weight
___congenital abnormality (specify)
___fetal death
___maternal death
___TB transmission to infant

Brostrom Union Conference 2019

Pregnancy Status In The U.S. National 
Tuberculosis Surveillance System (NTSS)

Comprehensive Pregnancy Variables Considered



Brostrom Union Conference 2019

Pregnancy Status In The U.S. National 
Tuberculosis Surveillance System (NTSS)

Pregnancy

Postpartum
Gestational age

Infant outcome

X
X
X

Is the Patient Pregnant? (Yes/No/Unknown)
CD4 results for patients with reported positive HIV status 
A1c results for with diabetes mellitus

Some of the New Questions 
Added:

IS PREGNANCY STATUS OF TB CASES 
ROUTINELY COLLECTED IN YOUR 
SETTING?



Impact of Maternal TB on 
maternal-infant outcomes?



Risk of complications in pregnancy 
TB vs. no TB

Maternal complications

• Pre-eclampsia & eclampsia
(2 fold)

• Vaginal bleeding  (2 fold)
• Hospitalization (12 fold)
• Miscarriage (10 fold)
• Increased maternal 

mortality

Jana Int J Gyn Obstet 1994
Jana NEJM 1999
Chin HC BJOG 2010
Bjerkedal 1975

Bothalmley 2001
Pillay Lancet ID 2000; 
Mathad CID 2012
Gupta CID 2007



Risk of complications in pregnancy 
TB vs. no TB

Fetal and infant complications
• Fetal death (increased)
• Low birth weight (2 fold)
• Lower Apgar scores
• Prematurity (2 fold)
• Small for gestational age (2 

fold)
• Perinatal death (increased)
• congenital TB (rare)
• Increased HIV transmission 

(2 fold) Jana Int J Gyn Obstet 1994
Jana NEJM 1999
Chin HC BJOG 2010

Khan AIDS 2001; 
Pillay Lancet ID 2000; 
Gupta JID 2011



Mother to child transmission of TB

• In utero
– Hematogenous dissemination via the umbilical vein
– Aspiration/ingestion of infected amniotic fluid

• Intrapartum
– Aspiration/ingestion of infected amniotic fluid or 

genital secretions
• Postpartum
– Inhalation/ingestion of respiratory droplets from the 

mother
– Ingestion of infected breast milk



Does pregnancy or the postpartum 
period increase the risk of TB 

acquisition? reactivation? severity?



Pregnancy-related immunologic 
and physiologic changes

Do pregnancy-related 
immunologic  changes 
increase risk of TB?

Kourtis NEJM 2014 
Frederiksen Sem Perinatol 2001 
Anderson Clin PK 2005

Implications for 
TB/LTBI treatment?



Immune control of TB needs Th1 cytokines

Adapted from Griffiths, Nat Med Review 2010

CD4+ T cells release 
IFN-γ, TNF-α

IFN-γ, TNF-α stimulate 
macrophages



Biological plausibility?
Immunology of pregnancy & TB

Adapted from Sykes, Mediators Inflamm 2012

Th1 suppression



Risk of TB in Pregnancy
Impact on TB reactivation and severity debated

Clinical data limited and were not consistent or convincing 
(Good Am. J. Obstet. Gynecol 1981, Carter Chest 1994, Espinal 1996;Sterling 2007)



India HIV-infected cohort of women
<10% on combination ART
Majority of cases occurred within 

120 days postpartum



Jonnalagadda IJTLD 2015
Jonnalagadda JID 2010

12% HIV+ pregnant w/ 
IGRA+ conversion

Peripartum increased 
risk of Mtb infection?

Peripartum risk of MTB infection and disease 
progression

• Cohort Kenyan pregnant HIV+ women pre-ART roll-out

IGRA+ assoc w/
• 5x maternal TB/death
• 3x infant TB/death

IGRA-

IGRA+

Peripartum increased 
risk of TB progression?



Does pregnancy impact 
performance of screening for 

active disease or TB infection?



TB diagnostic sensitivity of WHO 4-
symptom screen in pregnancy

28%

43%
54%

80%

1% 0% 0

50%

0

43%

0

79%

0

34%

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

Hoffman LaCourse Gupta PLWHIV

WHO Sx screen
Smear
Xpert
Urine LAM

At least one WHO 4-symptom in 9-19% of women
Compared to non-pregnant HIV-infected adults
• Lower sensitivity observed but not clear if that is due to pregnancy alone
• High negative predictive value (NPV) BUT
• In some settings, high prevalence of undiagnosed asymptomatic TB
Gupta CID 2011;Hoffmann, PLOS One 2013; LaCourse, JAIDS 2015; Getahun PLOS Med 2011 



TB symptom screening in pregnant PLHIV
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Specificity

PLHIV (ART-naïve) Getahun 2011
sensitivity 79%, specificity 50%

PLHIV (ART) Hamada 2017
sensitivity 51%, specificity 71%

WHO recommends routine TB screening for PLHIV (including pregnant women)
– Four-symptom screen: cough, fever, night sweats, weight loss

LaCourse Cochrane (Protocol) 2018



WHO recommends routine TB screening for PLHIV (including pregnant women)
– Four-symptom screen: cough, fever, night sweats, weight loss

TB symptom screening in pregnant PLHIV
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Specificity

LaCourse 2016

Hoffman 2013 Modi 2016

Calnan 2016

Hoffman 2015

Pregnant PLHIV 
sensitivity 22%, specificity 84%

PLHIV (ART-naïve) Getahun 2011
sensitivity 79%, specificity 50%

PLHIV (ART) Hamada 2017
sensitivity 51%, specificity 71%

How to improve TB screening 
in pregnant PLHIV?

LaCourse Cochrane 2019

HOW ARE PERIPARTUM PLHIV 
SCREENED FOR TB IN YOUR 
SETTING? 



TB Infection (TBI) Screening
• Goal of TB Infection (TBI) screening

– Identify those at highest risk for reactivation disease
– Target preventive therapy

• Implementation challenges

• Little attention paid to performance of TB diagnostics in 
pregnant/postpartum women
– Tuberculin skin test (TST) and Interferon Gamma Release Assay (IGRA)

• Mixed data
– Two US studies of IGRA (Quantiferon) test positivity was lower than 

TST (older age, foreign birth associated with positivity) (Worjohol et al Obstet
Gynecol 2011; Chebab Kansas J Med 2010)

– India, more IGRA positive than TST and discordance QGIT+/TST- was 
higher (Mathad, PLOS One 2014, Mathad AJRCMM 2016)

• Positive IGRA predictive of active TB postpartum (Jonalagadda JID 2010, IJTLD 
2013 )



Mathad AJRCCM 2016
Mathad PLOS One 2014 
LaCourse JAIDS 2017

Pregnancy impact on TBI test results?

QFT identified 2x more pregnant 
women with LTBI vs. TST

Mean Mitogen and Mtb antigen 
lower in pregnancy vs. postpartum



Pregnancy impact on TBI test results?

Weinberg IDWeek 2019, CID 2020

QFT-positivity significantly lower at delivery vs pregnancy 
(p<0.001) and higher postpartum (p=0.04) 

IFNγ production in response to TB antigens and 
mitogen significantly increased postpartum vs 
pregnancy and/or delivery (p<0.001)



1Patel, S. J. et al. Radiographics 2007;27:1705-1722; 2ACOG Committee Opinion No.299, Obstet Gynecol 2004

Comparison of the estimated mean fetal absorbed 
dose from various radiographic and 

computed tomographic (CT) procedures1

Shielded Chest Xray in Pregnancy?

• ACOG2

Xray exposure <5 rad (50 
mGy) has not been 
associated with 
pregnancy loss or fetal 
anomalies



Does pregnancy impact TB 
treatment and prevention?



Physiology Changes of Pregnancy Can Significantly 
Impact Drug Metabolism, Safety and Efficacy

• Increased body fat 
• Increased total 

body weight
• Decreased albumin
• Hepatic metabolism
– Increased CYP3A4
– Decreased CYP1A2 

and CYP2C19

Decreased 
lung capacity

Decreased 
gastric 
emptying

Increased 
cardiac output

Changes in 
hepatic 
metabolism

Increased GFR

Decreased 
stomach pH

Frederiksen, Sem Perinatol 2001; Anderson, 
Clin Pharmacokinetics 2005



*Historical categorization



Drug FDA Crosses 
placenta

Breast-
feeding

Issues in pregnant women

INH C Yes Yes Hepatotoxicity

Rifampin C Yes Yes Drug interactions with NVP, 
PIs, INSTIs, OCPs; may 
require Vit K

Rifabutin B Unknown Unknown Drug interactions with PIs, 
limited experience

EMB B Yes Yes

PZA C Unknown Unknown Different guidance

First line drugs for TB in pregnancy

Brost Obstet Gyn Clin 1997;Bothamley Drug Safety 2001;Shin CID 
2003; Micromedex; Mathad & Gupta CID 2012



Treatment of Pulmonary TB in Pregnancy

1 CDC, ATS, IDSA guidelines
2 WHO, British thoracic Society, RNTCP and IUATLD guidelines

Treatment of EPTB involves same drugs but most experts 
recommend 9-12 mo for TBM (but include PZA plus steroids) or bone/joint

LACTATION
CDC encourages breastfeeding if no longer infectious;  WHO once smear negative

Low Burden1 High Burden2

HIV negative INH 5mg/kg/d x 9 mo
RIF 10mg/kg/d x 9mo
EMB wt-based x 2 mo
B6 25mg/d x 9 mo

INH 5 mg/kg/d × 6 mo
RIF 10 mg/kg/d × 6 mo
EMB 15mg/kg/d x 2 mo
PZA 25mg/kg/d x 2 mo
B6 10-25mg/d x 6 mo

HIV positive INH 300 mg/d × 6 mo
RIF 600 mg/d × 6 mo
EMB wt-based x 2mo
PZA wt-based × 2 mo
B6 25mg/d x 6 mo

INH 5 mg/kg/d × 6 mo
RIF 10 mg/kg/d × 6 mo
EMB 15mg/kg/d x 2 mo
PZA 25mg/kg/d x 2 mo
B6 10-25mg/d x 6 mo

DIFFERENCE IN PZA guidance



Intensive PK study in 
IMPAACT P1026s

n=11 women

“More data are needed on 
isoniazid and rifampin in 
pregnancy to make dosing 
recommendations”

INH exposure was below 25th percentile across 
all stages of pregnancy. 

Rifampin concentrations in pregnancy 
compared well to non-pregnant concentrations. 

Schalkwyk IAS 2017



Other first line TB drugs
• Sparse PK at >36 weeks GA and 7 weeks postpartum
• N=21 prepartum/birth with 16 postpartum for INH
• N=15 prepartum/birth with 4 postpartum for EMB, PZA

Very low INH levels in pregnancy and postpartum observed
PZA, EMB no relevant changes in pregnancy
SPARSE PK AND SMALL NUMBERS

Abdelwahab AAC 2020



UD= Undetermined

MDR TB Drugs and Pregnancy

Gupta A et al.  PLOS Med 2019



MDR TB in pregnancy
• Treatment guidelines similar to non-pregnant adults

– Individualized treatment vs public health approach
– At least 5 active agents
– Favor injectable after delivery 
– Lactation little to no data so often not recommended

• >60 published case reports (Gach 1999;Shin 2003; Nitta 1999;Lessnau 2003;Tabarsi 
2007; Khan 2007; Palacios 2009; Toro 2011, Rohilla 2016)

– 3 case series describes 4 cases HIV+ (Khan 2007; Palacios 2009, Toro 2011)

– US, Italy, Peru, Iran, South Africa 
– 1 case in France: bedaqualline and linezolid in XDR (Jaspard EID 2017)

• Regimens: variable

• Outcomes: case series suggest treatment success possible



Maternal and infant outcomes in 
pregnant women with MDR/RR-TB in 

South Africa (2013 – 2018)
Methods: Descriptive cohort analysis
• A record review to document treatment & pregnancy outcomes;
• An observational clinical assessment at 2, 6 and 12 months, to 

document infant outcomes. 

Loveday CID 2020

N=108

Pre-XDR/XDR 25 (23%)

HIV+
CD4, median

88 (81%)
353

MDR TB Rx initiation
pre-comception
1st trimester
2nd trimester
3rd trimester

20 (18%)
19 (18%)
42 (39%)
28 (26%)



MDR/RR TB in Pregnancy Outcomes
Outcome N (%)

Unfavorable maternal treatment 
outcome, n=108

36 (33%)

Unfavorable pregnancy outcomes, n=109
Fetal deaths
Preterm
Low Birth weight

52 (48%)
10 (9%)
28 (28%)
33 (35%)

Unfavorable infant outcome, n=86 14 (16%)

BDQ, n=58 No BDQ, n=50

Unfavorable treatment 
outcome

17 (29%) 19 (38%)

Fetal death 4 (8%) 6 (10%)

Preterm birth 13 (29%) 15 (28%)

Low birth weight 20 (45%) 13 (26%), p=0/03

Unfavorable infant 
outcome at 12 months

5 (12%) 9 (20%)

Loveday CID 2020



Breastfeeding during TB treatment in 
pregnancy

ATS IDSA CDC  CID 2016

• Breastfeeding encouraged once non-infectious 
on first-line agents

• Concentration of TB meds in breastmilk 
typically found in small  concentrations
– Non-toxic to infant
– Not effective treatment for infant



Treatment as Prevention:
The Case for TB Infection (TBI) 

Treatment in Pregnancy





TBI testing and treatment in pregnancy

• Pregnancy itself not indication for TBI testing
• A decision to test, is a decision to treat… but 

timing of treatment depends on risk
– Women at risk for progression from TBI -> TB (HIV+, 

recent converter, recent TB contact)
• Recommend to treat now even in first trimester

– Women with lower risk of TB
• Recommend to wait until after delivery or 3 months 

postpartum due to concerns for hepatotoxicity

• TBI diagnostic cut-offs are same for 
non-pregnant

ATS AJRCCM 2000



Hepatotoxicity and INH in pregnancy

• 3681 women who initiated INH Franks Public Health Reports 1989

– 5 pregnant women developed hepatitis, 2 died
• 20 INH-associated deaths in California Moulding Am Rev Resp Disease 1989

– 4 initiated INH in pregnancy

• IPT implementation in HIV+ pregnant women in Lesotho Tiam JAIDS 2014

– 124 women who initiated IPT, none reported side effects
– 3/99 mildly elev ALT--> 0/20 repeat LFT testing without significant elevation

Concern initially based primarily on 
US-based retrospective studies

In implementation studies in 
pregnant PLHIV appeared safe



Guidelines for Preventive TB 
Treatment in Pregnant Women

Low Burden (US CDC) High Burden (WHO)

Regimen
Preferred

Alternative

INH 300mg/daily x 9 mo
OR
INH 900mg twice weekly x 9 mo
Administer INH w/ pyroxidine (vit
B6) 10-25mg to pregnant women 
and their breastfeeding infants

Rifampin 600mg daily x 4 months

INH 300mg/d x 6 or 36 mo
B6 10-25mg/d x 6 or 36 mo

Rifampin 600mg daily x 4 months

HIV-negative Defer for TST+ or IGRA+ until 2-3 mo 
postpartum unless known recent TB
contact

No recommendations

HIV-positive Immediate treatment for TST+ or 
IGRA+ or contact

Treatment for all HIV+ without 
active TB

Not recommended: isoniazid/rifapentine

Monitoring: 
• Baseline LFTs
• Routine monitoring for signs/

symptoms of possible adverse effects



>40 trials listed here that are planned, ongoing or 
recently completed

At least 8 are Phase III trials
All exclude pregnant women

More than 13 trials of preventive therapy in HIV-
infected adults

INH for 6, 9, 12, 36 months
INH+ rifampin

INH+ rifapentine
INH+ ART

All excluded pregnant women
Akolo Cochrane metanalysis 2010; Sterling NEJM 2011; 
Martinson NEJM 2011; Samandari Lancet 2011; Rangaka Lancet ID 2014



Ethical and Scientific Foundation of Inclusion of 
Pregnant Women Into Clinical Trials of TB 

Therapeutics
• Women need effective treatment during pregnancy
• Most compelling reason: gather evidence under rigorous 

scientific conditions
• Safety signals can be more readily interpreted when detected 

in study setting
• Fetal safety

– need data on fetal safety
– inadequately treated mother compromises fetal well being

• Reticence to prescribe needed medications: the cost of 
uncertainty

• Issues of justice and access to the benefits of research 
participation

Lyerly AD, Little MO, Faden R. The second wave: Towards responsible inclusion of pregnant women in research. Int J Fem 
Approaches Bioeth, 2008. Slide adapted from Karen Feibus and Sara Goldkind, US FDA



NIH and WHO sponsored 
workshops

CID 2016



Summary of Expert Consensus 
Statements

• Pregnant/postpartum women should be eligible for Phase III MDR 
TB trials unless there is a compelling reason for exclusion

• Drug companies should be encouraged to complete reproductive 
toxicity studies before beginning Phase III

• Trials of shortened treatment regimens for LTBI should be 
designed to improve completion rates, reduce risk of progression 
in pregnancy/postpartum

• Targeted PK studies should be nested in all studies when evidence 
is lacking

• Pregnancy registry should be created to accumulate data on 
maternal-infant outcomes

Gupta, Mathad et al Clinical Infectious Diseases, 2016



Pregnancy and Infant Outcomes in TBI Tx Trials

PREVENT TB or iAdhere trials (3HP vs. 9H) Moro Annals ATS 2018

‒ 126 pregnancies during treatment or f/u
‒ 87 exposed to study drugs 
‒ Fetal loss similar 3HP (15%) vs 9H (13%) (all <20 weeks)
‒ Congenital anomalies similar 3HP (3%) vs 9H (4%)

Fetal loss/congenital anom 
similar between arms and 
baseline US estimates

BOTUSA (6 vs. 36H) Taylor IDOBGYN 2013

‒ 196 pregnancies during treatment or f/u
‒ 103 exposed to INH during pregnancy
‒ IPT exposure during pregnancy not assoc with 

adverse pregnancy outcomes aOR 0.6 95%CI 0.3-1.1

Long-term INH + ART not 
assoc with adverse 
pregnancy outcomes

TB prevention in PLHIV (3HP vs. 3HR vs. 6H) Martinson NEJM 2011

– 235 pregnancies during treatment or f/u
– 26 women became pregnant on INH
– 10 chose to continue, no toxicities

LTBI tx exposure in 
pregnancy not assoc with 
toxicity

All secondary analyses 

of LT
BI tre

atment tri
als



https://www.nichd.nih.gov/About/Advisory/PRGLAC

Inclusion of Peripartum Women 
in Clinical Trials

“Of 213 new pharmaceuticals receiving
FDA approval 2003-2012, only 5% included
any data from pregnant women.”

“Pregnant women in research trials should
be defined as “scientifically complex”
rather than a “vulnerable” population.”http://www.treatmentactiongroup.org

ARE YOU INCLUDING 
PERIPARTUM WOMEN IN YOUR 
RESEARCH? 



TBI/TB treatment in pregnancy trials

• P1078: phase IV RCT to evaluate the safety of antepartum versus 
postpartum 6H among HIV-infected women  COMPLETED

• P2001: Phase I/II PK and tolerability of 3HP in HIV-infected and HIV-
uninfected pregnant and postpartum women COMPLETED

• P2026: Phase IV prospective PK study of 1st line ARVs and TB drugs in 
HIV-infected pregnant and postpartum women ONGOING

• 1HP vs 3HP in pregnancy UNITAID protocol IN DEVELOPMENT



1st trial to evaluate safety of TB preventive therapy in pregnant PLHIV

TB APPRISE (P1078) 
Antenatal vs. Postpartum 6H in 
PLHIV

Gupta NEJM 2019

Primary Endpoints: Maternal Grade ≥ 3 AE, 
drug discontinuation 2o toxicity  
Secondary Endpoints: 
Maternal: hepatotoxicity, TB, death
Infant: Grade ≥ 3 AE, TB, death
Pregnancy outcomes

Safety antenatal INH 
non-inferior to postpartum

Postpartum hepatotoxicity higher 
than expected (but similar) in both 
arms

Antenatal INH: increased adverse 
pregnancy outcomes (fetal demise, LBW)
Signal with earlier gestation initiation



No differences in Maternal or Live-born Infant 
Safety, TB or Death Rates by Study Arm
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But there were more Adverse Pregnancy 
Outcomes in the Immediate IPT arm
23%

4%

14%

11%

2%

17%

2%

10%
9%

1%
0%

5%

10%

15%

20%

25%

Any adverse pregnancy
outcome

Fetal demise Low birth weight <2500
grams

Preterm delivery <37
weeks

Congenital anomaly

Arm A: Immediate Arm B: DeferredP=0.01

P=0.09

P=0.07
P=0.29

P=0.26

n=106   n=78            n=17       n=9                             n=62      n=46                             n=48       n=40                n=10       n=6

Gupta et al NEJM 2019



Summary of Composite Adverse Pregnancy 
Outcomes by Treatment Group and 

Adjusted Odds Ratio Estimates

2021



Delivery
Week 12 
Postpartum

Median ALT by INH 
Arm and EFV Regimens

Higher LFTs after delivery in both arms
No difference by INH arm or ART 
regimen 

Immediate vs. 
Deferred INH

EFV vs. 
No EFV

Gupta NEJM 2019



Maternal Deaths, n=6
Immediate IPT Deferred IPT

1 2 3 4 5 6

Location Zimbabwe Botswana Zimbabwe Tanzania Tanzania Tanzania

Age (yrs) 34 38 27 35 24 33

CD4 459 469 402 609 431 553

GA at entry 
(weeks) 33 21 31 26 26 30

Postpartum
(PP) week at 
death 12 weeks 40 weeks 5 weeks 19 weeks 7.5 weeks 5.5 weeks

Time on INH 13 weeks
(4 AP & 9 PP)

28 weeks
(20 AP, 8 PP)

Never started 1 week PP Never started Never started

ART regimen 
initiated TDF/3TC/EFV 

Started 1 week 
prior to entry

TDF/FTC/EFV
Started 2.5 years 

prior to entry

TDF/3TC/EFV for 
4 months prior to 

entry

TDF/3TC/EFV+ 
COT 14 months 
prior to entry

TDF/3TC/EFV  
started 3 weeks 

before entry

TDF/3TC/EFV 
started 1 month 

before entry

Death cause 
Fulminant 
hepatitis
Related

Bacterial sepsis
Not related

Fulminant
hepatitis

Not related

Fulminant 
hepatitis
Related

Hepatitis
Not related

Pneumonia
Not related

4 deaths due to hepatotoxicity, 2 deaths related to INH and 2 not (? Efavirenz or other culprit) 

Gupta NEJM 2019



Dooley JID 2015

CYP2B6 type       Extensive     Intermediate       Slow        Very Slow
INH exposure          - +         - +            - +           -

PK: EFV AUC by CYP2B6 Genotype and 
INH Exposure in HIV+ Pregnant Women 

Among slow CYP2B6 metabolizers INH associated with higher EFV Cmin 
values especially among those with slow NAT 2 genotypes

Gausi Clin Pharmacol Ther. 2021



Composite pregnancy outcomes

Individual pregnancy outcomes

“We found inconsistent associations between 
IPT and adverse pregnancy outcomes. 
Considering the grave consequences of active 
TB in pregnancy, current evidence does not 
support systematic deferral of IPT until 
postpartum. Research on safety is needed”

Hamada et al ERJ 2020



New data on 1st trimester exposure: 
Results from BRIEF TB trial INH arm 

Gupta, CROI 2021



New data on 1st trimester exposure: 
Results from BRIEF TB trial INH arm 

Adverse pregnancy outcome: spontaneous abortions, still birth, ectopic pregnancy
Primary model adjusted for maternal age, CD4, LTBI status, ART at entry
2nd Adjusted model:  proximate to pregnancy variables, maternal age, last CD4, LTBI status,
ART status at pregnancy outcome. Analysis sensitive to numbers of women on ART.

INH exposure, which was mainly during 
the first trimester of pregnancy, was 
associated with an increased proportion of 
non-live births 



What about shorter regimens 
for TPT in pregnancy?

3HP?
1HP?



Rifapentine Pharmacokinetics and Safety 
of 3HP in Pregnant Women with and 

without HIV (IMPAACT 2001)
Study design:  

Cohort 1: 14 to <28 weeks
Cohort 2: 28 to <34 weeks

TBI+ or recent contact
If HIV+ on EFV-based regimen

Enrolled 50 pregnant women, 20 HIV+

Mathad et al CROI LB 2020 Abst. #4428, CID 2021



3HP in pregnancy P2001 trial results
Effect of HIV on clearance of RPT in 2nd and 

3rd trimester
Parameter HIV-positive HIV-negative % change vs. HIV-

Clearance, L/hr (RSE) 1.56 (7%) 1.20 (6%) é30%

AUCSS, mg/L*hr (IQR) 522 (359-803) 786 (549-1171) ê34%

Mathad CID 2021



P2001: Effect of pregnancy on RPT

Status Antepartu
m

Postpartum % change vs. 
pregnancy

HIV-positive clearance, L/hr (RSE) 1.56 (7%) 1.60 (11%) é 2%

HIV-negative clearance, L/hr (RSE) 1.20 (6%) 1.53 (8%) é28%



1. There is no dose adjustment of RPT required in pregnancy.

2. In women with HIV on EFV, clearance of RPT was higher than expected 
during pregnancy. 

Exposures remained in the therapeutic range
Need studies of RPT and other ART options (e.g. DTG) in pregnancy to see if effect is from HIV or EFV, specifically

3. Safety and tolerability data for 3HP in pregnancy are encouraging 
BUT NOT POWERED FOR SAFETY SO Need larger studies to definitively characterize safety

4. PK data from infants and breast milk coming soon

P2001: Key finding for 3HP in pregnancy



Filling the gaps for maternal TB
Epidemiology of latent and active TB

Immunology and 
pathogenesis of TB

Cost-effectiveness studies for TB 
screening/treatment

PK, safety, and outcome studies of: 
-short course TBI regimens
-1st and 2nd line TB medications 

Implementation Science
-PMTCT/TB screening &IPT

ARVs /ATT drug interactions

1HP vs 3HP RCT planned with UNITAID
IMPAACT P2026 PK study ongoing



Summary
• Peak incidence of TB during reproductive age

• Maternal TB associated with adverse pregnancy outcomes, maternal 
mortality and infant TB and mortality

• Immune and physiological changes may be of importance to screening 
diagnostic yield, TB drug disposition, toxicity

• Difference in PZA guidance between CDC and WHO guidelines

• Need to include pregnant women in trials of diagnostics and drugs 
whenever feasible

• Safety of INH in pregnancy a concern

• Several studies now ongoing that will help to fill in the knowledge gap



POLICY BRIEFING

GDM IS FUELLING THE TYPE 2 
DIABETES EPIDEMIC

GDM also has long-term public health signi! -
cance, contributing to the escalating type 2 
diabetes epidemic. Although GDM is a tempo-
rary phenomenon for the pregnant woman, 
more than 50% of women with GDM develop 
type 2 diabetes within 5-10 years of delivery.5

Moreover, infants of women with GDM have a 
higher prevalence of overweight or obesity as 
young children and adolescents, and a higher risk 
of developing type 2 diabetes later in life. 

This graph shows the incidence of type 2 diabetes 
is signi! cantly higher in women with a history of 
GDM than in women without a history of GDM6

Evidence has shown, however, that the progres-
sion of GDM into type 2 diabetes can largely be 
prevented through lifestyle modi! cation and 
treatment. Breastfeeding an infant can also reduce 
childhood obesity. Interventions during and 
immediately after pregnancy therefore provide 
important opportunities to improve the lives of 
mothers and children today and reducing diabetes 
in future generations. 

GDM IS INVISIBLE TO POLICY MAKERS

GDM has remained an invisible maternal and child 
health issue to policy makers, largely because 
there is no reliable pro! le of the global burden 
and distribution. E" orts to estimate global GDM 
prevalence have been hampered by the lack 
of consensus on the de! nition of GDM and the 
absence of universally applied standards for 
diagnosis and screening. GDM data exists from 
country to country, but it is not currently possible 
to compare and use them to project global ! gures. 
This has been a major barrier to understanding the 
signi! cance of GDM and tackling it. 

“Each year, millions of women and children 
die from preventable causes. These are not 
mere statistics. They are people with names 
and faces. Their su! ering is unacceptable 
in the 21st century”

Ban Ki-moon, 
United Nations Secretary-General, 
Global Strategy for Women’s and 
Children’s Health, September 2010
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