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Treatment of gestational multidrug-resistant tuberculosis
(MDR-TB) is controversial. We describe follow-up of 6 children exposed to second-line antituberculous agents in utero.
Each child (average age, 3.7 years) underwent comprehensive
clinical evaluation. One child had MDR-TB diagnosed. There
was no evidence of significant late-presentation toxicity among
the children. The results suggest that aggressive management
of gestational MDR-TB may benefit both mother and child.
Multidrug-resistant tuberculosis (MDR-TB), defined as infection with strains of Mycobacterium tuberculosis with resistance
to both isoniazid and rifampin, has emerged as a global health
crisis [1]. The incidence of tuberculosis (TB) among pregnant
women is increasing [2, 3]. It is likely that pregnancies complicated by MDR-TB will become increasingly common.
To date, experience with the management of MDR-TB in
pregnant women has been limited. MDR-TB requires aggressive
treatment with second-line agents, which are generally considered more toxic than first-line agents [4, 5]. Although there
are limited animal data in the literature on teratogenicity, largescale clinical experience with the use of second-line agents during pregnancy is absent. Small case series involving the treatment
of gestational MDR-TB have reported reassuring outcomes for
neonates whose mothers were treated with second-line drugs
[6, 7]. However, the literature lacks data regarding teratogeReceived 6 December 2004; accepted 24 January 2005; electronically published 18 April
2005.
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nicity that may be diagnosed later in life. Potential concerns
include ototoxicity resulting from exposure to aminoglycosides
and other injectable agents, neuropsychiatric deficits from exposure to cycloserine or thiamide agents, ethionamide-induced
ophthalmologic complications, and long-term bronzing of skin
from clofazimine exposure [8–13].
We previously reported the outcomes for 7 women who received treatment for MDR-TB during pregnancy, all of whom
carried their pregnancies successfully to term [6]. Here, we
report data from long-term clinical follow-up of the children,
each born after intrauterine exposure to second-line agents.
Patients and methods. The 7 patients with gestational
MDR-TB generally had advanced disease, and all were infected
with M. tuberculosis strains resistant to at least 4 first-line drugs.
Each of the women delivered a successful singleton birth at
term between March 1997 and September 2002. Of the 7 children, 1 was lost to follow-up after her mother died of postsurgical complications. For the 6 surviving children identified,
maternal treatment records were reviewed to ascertain the timing of exposures to antituberculous agents throughout pregnancy and, when applicable, during the period of breastfeeding.
Maternal use of an antituberculous agent for any duration during pregnancy or the postpartum period was recorded as an
exposure. The birth history and neonatal course of each child
was reviewed, along with any subsequent medical records available from the children’s respective health care centers.
Between September 2003 and February 2004, each child underwent a standardized evaluation at the Instituto de Salud del
Niño (Lima, Peru). Evaluation was done by a pediatric pulmonologist, who performed a physical examination and obtained a medical history, including a history of bacille CalmetteGuérin (BCG) vaccination and TB contacts. Weight and height
were recorded as age percentiles based on parameters developed
by the US National Center for Health Statistics and approved
by the World Health Organization [14]. Each child also underwent clinical evaluation by pediatric specialists in the Departments of Neurology, Ophthalmology, and Otorhinolaryngology. These evaluations included visual examination, hearing
screening, and assessment of language and psychomotor development. Further diagnostic studies were performed at the
recommendation of the evaluating physicians. These diagnostic
studies included audiometry and tympanometry for one child
and electroencephalography for another child. Mantoux skin
testing was performed for all children at the time of initial
evaluation. A positive reaction, defined as a purified protein
derivative (PPD) induration of 110 mm at 48–72 h, prompted

from active pulmonary TB and was experiencing the failure of
a standardized retreatment regimen. On the basis of clinical
presentation and MDR-TB contact history, the child had primary MDR-TB diagnosed, and individualized therapy was initiated on the basis of the resistance pattern of the infecting
strain from her mother, since results of drug-susceptibility testing for the strain from her uncle were pending. Of note, both
the child and her uncle had a recent negative culture result,
and their conditions clinically improved after 7 months of individualized treatment. The other 5 children had nonreactive
PPD tests and showed no clinical signs of TB infection. Results
of clinical evaluations are summarized in table 2.
The findings of visual examinations for all children were
normal. One child demonstrated mildly increased thresholds
on auditory brainstem response testing. His mother chose to
defer formal audiometric testing. His language development
has been normal, as were the findings of an otorhinolaryngological assessment. This child was exposed to capreomycin
until pregnancy was diagnosed at the 14th week of gestation,
at which time the intravenous treatment with the drug was
stopped. None of the 4 children exposed to an injectable agent
exhibited any evidence of clinically significant hearing loss.
Neurologic and developmental examinations were normal
for all children. One child underwent cranial radiography for
mild cranial asymmetry and underwent electroencephalography
for hyperactive behavior; results from both studies were unremarkable, and he is currently undergoing behavioral therapy.
Another child is receiving speech therapy for a mild expressivelanguage delay.

Table 1. In utero and postpartum exposures to antituberculous drugs among children born to mothers with multidrug-resistant
tuberculosis.
Gestation at
pregnancy
diagnosis,
weeks

Treatment
withheld,
weeks

2

!12

0

INH, Rif, Eth, Pza

INH, Rif, Eth, Pza, Stm,
PASb

INH, Rif, Eth, Pza, Stm,
PAS

No

3

14

0

20

0

5

8

0

INH, Rif, Cpfx, Cyse,
Amox-CA
INH, Eth, Cpm, Ofx, Tha,
Cyse, PAS
Rif, Pza, Ofx, PAS, AmoxCA

INH, Rif, Cpfx, Cyse,
Amox-CA
INH, Eth, Cpm, Ofx, Tha,
Cyse, PAS
Rif, Pza, Cpm, Ofx, PAS,
Tha, Cyse, Amox-CA

Yes

4

INH, Rif, Cpfx, Tha, Cyse,
Amox-CA
Cpm, Ofx, Tha, Cyse,
PAS, Amox-CA, Clof
INH, Rif, Eth, Pza

6

12

1

14

3

Cpfx, Cyse, PAS, AmoxCA
Pza, Cpfx, Cyse, Amox-CA

Km, Cpfx, Cyse, PAS,
Amox-CA, Clof
Pza, Cpfx, Cyse, Amox-CA

Yes

7

Km, Cpfx, Cyse, PAS,
Amox-CA, Clof
Pza, Cpm, Cpfx, Pth,
Cyse, Amox-CA

a

Patient

Drug exposures
First
trimester

Second and
third trimester

Postpartum

Breastfed

Yes
Yes

Yes

NOTE. Amox-CA, amoxicillin–clavulanic acid; Clof, clofazimine; Cpfx, ciprofloxacin; Cpm, capreomycin; Cyse, cycloserine; Eth, ethambutol; INH, isoniazid;
Km, kanamycin; Ofx, ofloxacin; PAS, para-aminosalicylic acid; Pth, prothionamide; Pza, pyrazinamide; Rif, rifampin; Stm, streptomycin; Tha, ethionamide. Intravenously administered agents are shown in boldface.
a

Patient numbers correspond to those used for their mothers in the previous report [6]. As noted above, patient 1 (the child of patient 1 in the previous report
[6]) was lost to follow-up.
b
Stm and PAS treatments were initiated during month 8 of pregnancy, reflecting 2 months of exposure.
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the performance of a chest radiography. Informed consent was
obtained from all mothers, in accordance with the institutional
review board guidelines approved by the Harvard Medical School
(Boston, MA).
Results. Intrauterine and postpartum drug exposures for
each child are summarized in table 1. Of 6 children, 4 (67%)
were exposed to second-line antituberculous agents during the
first trimester of pregnancy. Two (33%) of the children are female. There were no reports of low birth weight, physical malformations, or perinatal complications. Both of the children
exposed to clofazimine were noted to exhibit bronzing of the
skin, which disappeared over time. All 6 mothers had a sputum
smear and a blood culture negative for M. tuberculosis at the
time of delivery, and they have remained smear- and culturenegative to date. None of the children exhibited evidence of
M. tuberculosis infection during the neonatal period. Five (83%)
of the children received BCG vaccination at birth.
The average age of the children at the time of evaluation
was 3.7 years (range, 15 months to 6.5 years). One child had
a history of poor weight gain and failure to thrive. Medical
histories and examinations of the children were otherwise unremarkable, including normal findings of musculoskeletal examinations. All children had received scheduled vaccinations.
Growth parameters were normal, with the exception of the
above-mentioned child, who exhibited a weight and height well
below the third percentile for age. Although otherwise asymptomatic, this child had a reactive PPD skin test and a chest
radiograph finding of unilateral hilar adenopathy. Although her
mother remained smear-negative, a maternal uncle suffered

Table 2. Clinical evaluation of children born to mothers with gestatational multidrug-resistant tuberculosis (MDR-TB) and exposed
to antituberculous drugs in utero.

Height,
percentile
b
for age

BCG
vaccination
status

PPD test
reaction,
mm

IV drug
exposure

Vision

Neurologic
analysis

No

No

Yes

Normal

Normal

No

No

No

Normal

Normal

None

8

Yes; normal

No

Yes

Normal

Normal

Mild speech delay

No

No

No

Normal

Normal

Hyperactivity

Yes; hilar
adenopathy

No

Yes

Normal

Normal

MDR-TB

No

No

Yes

Normal

Normal

None

Patient

Sex

2

6.5

M

50

75

Yes

2

3

3.9

F

10

10

Yes

4

4

4.6

M

75

70

Yes

a

5

5.1

M

90

85

No

4

6

1.8

F

!3

!3

Yes

18

7

1.25

M

60

75

Yes

0

NOTE.

Chest
radiograph
performed;
finding

Evidence
of hearing
loss

Age,
years

Weight,
percentile
b
for age

Other
diagnosed
conditions
None

c

BCG, bacille Calmette-Guérin; IV, intravenous; PPD, purified protein derivative.

a

Patient numbers correspond to those used for their mothers in the previous report [6]. As noted above, patient 1 (the child of patient 1 in the previous
report) was lost to follow-up.
b
Percentiles from the National Center for Health Statistics, Centers for Disease Control and Prevention, 2000 [14].
c
The mother of patient 6 had a sputum smear and blood culture negative for M. tuberculosis at delivery, and she has remained smear- and culture-negative
to date. A maternal uncle, also receiving therapy for MDR-TB, is the presumed source case.

first trimester may be outweighed by the risk of both perinatal
complications and maternal progression of disease. Perhaps
more significant is the risk of vertical and early postnatal transmission of M. tuberculosis infection. Congenital TB, with a
reported mortality rate of up to 38%, is becoming more common with the resurgence of TB worldwide [27, 28]. Similarly,
young infants with postnatal infection are at high risk for the
development of rapidly disseminated and fatal disease [23, 29].
The only adverse outcome in this small case series illustrates
a central challenge in the control of MDR-TB: the disease runs
in households. Patient 6 was born healthy, and her mother’s
condition was cured. However, the mother’s brother had latent
primary MDR-TB, likely caught from his sister, which reactivated and infected the child. Large-scale observational studies
in the prechemotherapy era demonstrated that 60%–80% of
children with prolonged household contact with a family member who was smear-positive for M. tuberculosis became infected.
Notably, the risk of progression to disease was highest among
infants and children aged !2 years, 60%–80% of whom developed active disease [30]. Such data emphasize the need to
continue with active case finding in such families and to consider multidrug resistance whenever a family member presents
with TB infection.
Conclusions. The current case series reports data from
long-term follow-up of children exposed during gestation to
second-line antituberculous agents for the treatment of maternal MDR-TB. The absence of perinatal morbidity, mortality, or congenital malformations, coupled with reassuring longterm developmental outcomes, is highly encouraging. In fact,
the only serious adverse outcome observed in this series resulted
from ongoing household transmission, rather than toxicity of
second-line agents. Although limited by the small number of
patients in the series, the finding of excellent outcomes for
these children demonstrates that aggressive management of gesBRIEF REPORT • CID 2005:40 (1 June) • 1691
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Discussion. For decades after the advent of effective chemotherapy, the management of TB during pregnancy remained
controversial [15]. However, by the 1990s, an international consensus strongly favored treatment of drug-susceptible TB during
pregnancy and mentioned reports of reassuring experiences with
treatment that used the oral first-line agents isoniazid, rifampin,
ethambutol, and, in most cases, pyrazinamide [5, 16–20].
The emergence of MDR-TB has brought about a remarkably
similar debate. Concern regarding the safety of second-line
agents has led some physicians to recommend termination of
pregnancies complicated by MDR-TB [21] and has led others
to undertreat the patient’s condition [22, 23]. This concern
results not from known fetotoxicity of second-line agents but
rather from a lack of evidence regarding their safety. Thus, in
the consideration of MDR-TB during pregnancy, the substantial
risks of nontreatment must be weighed against the possible
toxicities of second-line agents.
Comprehensive reviews of the human and animal data in
the teratogenicity literature have been published elsewhere [6,
8]. These include reports of potential ototoxicity, neurotoxicity,
and cartilage defects. In the small cohort in the present study,
we have no evidence of long-term or late-presentation toxicities
associated with in utero exposure to second-line drugs, with
the possible exception, in one child, of mild ototoxicity due to
exposure to capreomycin during the first trimester. The child
in this series with elevated auditory thresholds on auditory
brainstem response testing had no clinical evidence of hearing
loss, but the situation certainly merits continued monitoring.
Risks of toxicity must be weighed against the risks of untreated maternal TB. Increased rates of maternal morbidity,
prematurity, and small-for-gestational-age births, as well as up
to 6-fold increases in perinatal mortality, are documented risks
of maternal TB infection [24–26]. As a result, any benefit gained
from delaying exposure to antituberculous agents beyond the

tational MDR-TB may benefit the child as well as the mother.
Children born to these women benefit from close monitoring
by experienced clinicians, not only for potential manifestations
of toxicity, but also for signs and symptoms of active TB.

Acknowledgments
We thank the Bill and Melinda Gates Foundation and Thomas J. White,
for their generous support, as well as the dedicated team of nurses and
community health care workers at Socios En Salud (Lima, Peru).
Potential conflicts of interest. S.S. and J.F. have recently received research
funding from the Eli Lilly Foundation. All other authors: no conflicts.

References

1692 • CID 2005:40 (1 June) • BRIEF REPORT

Downloaded from http://cid.oxfordjournals.org/ by guest on December 6, 2013

1. World Health Organization (WHO). Anti-tuberculosis drug resistance
in the world: third global report. WHO/IUATLD Global Project on
Anti-Tuberculosis Drug Resistance Surveillance. Geneva: WHO, 2004.
2. Ormerod P. Tuberculosis in pregnancy and the puerperium. Thorax
2001; 56:494–9.
3. Margono F, Mroueh J, Garely A, et al. Resurgence of active tuberculosis
among pregnant women. Obstet Gynecol 1994; 83:911–4.
4. Iseman MD. Treatment of multidrug-resistant tuberculosis. N Engl J
Med 1993; 329:784–91.
5. Centers for Disease Control and Prevention (CDC). Treatment of tuberculosis. American Thoracic Society, CDC, and Infectious Diseases
Society of America. MMWR 2003; 52(RR-11):1–77.
6. Shin S, Guerra D, Rich M, et al. Treatment of multidrug-resistant
tuberculosis during pregnancy: a report of 7 cases. Clin Infect Dis 2003;
36:996–1003.
7. Lessnau KD, Qarah S. Multidrug-resistant tuberculosis in pregnancy:
case report and review of the literature. Chest 2003; 123:953–6.
8. Brost BC, Newman RB. The maternal and fetal effects of tuberculosis
therapy. Obstet Gynecol Clin North Am 1997; 24:659–73.
9. Kahlmeter G, Dahlager JI. Aminoglycoside toxicity—a review of clinical
studies published between 1975 and 1982. J Antimicrob Chemother
1984; 13(Suppl A):9–22.
10. Bucco T, Meligrana G, De Luca V. Neurotoxic effects of cycloserine
therapy in pulmonary turberculosis of adolescents and young adults.
Scand J Respir Dis 1970; 71(Suppl):259–65.

11. Helmy B. Side effects of cycloserine. Scand J Respir Dis 1970; 71(Suppl):
220–5.
12. Gupta DK. Acceptability of thionamides. I. Ethionamide. J Postgrad Med
1977; 23:175–80.
13. Holdiness M. Clofazimine in pregnancy. Early Hum Dev 1989; 18:297–8.
14. National Center for Health Statistics. Clinical growth charts. Available
at: http://www.cdc.gov/nchs/about/major/nhanes/growthcharts/clinical
_charts.htm. Accessed 15 October 2004.
15. Schaefer G, Zervoudakis IA, Fuchs FF, David S. Pregnancy and pulmonary tuberculosis. Obstet Gynecol 1975; 46:706–15.
16. Enarson DA, Rieder HL, Arnodottir T, Trebucq A. Tuberculosis guide
for low income countries. 4th ed. Paris: International Union against
Tuberculosis and Lung Diseases, 1996.
17. Joint Tuberculosis Committee of the British Thoracic Society. Chemotherapy and management of tuberculosis in the United Kingdom:
recommendations 1998. Thorax 1998; 53:536–48.
18. Miller KS, Miller JM. Tuberculosis in pregnancy: interactions, diagnosis, and management. Clin Obstet Gynecol 1996; 39:120–42.
19. Bothamley G. Drug treatment for tuberculosis in pregnancy: safety
considerations. Drug Safety 2001; 24:553–65.
20. World Health Organization (WHO). Treatment of tuberculosis: guidelines for national programmes. 3rd ed. Geneva: WHO, 2003.
21. Good JT, Iseman MD, Davidson PT, et al. Tuberculosis in association
with pregnancy. Am J Obstet Gynecol 1981; 140:492–8.
22. Nitta A, Milligan D. Management of four pregnant women with multidrug-resistant tuberculosis. Clin Infect Dis 1999; 28:1298–304.
23. Starke JR. Tuberculosis: an old disease but a new threat to the mother,
fetus and neonate. Clin Perinatol 1997; 24:107–27.
24. Jana N, Vasishta K, Jindal SK, Khunnu B, Ghosh K. Perinatal outcomes
in pregnancies complicated by pulmonary tuberculosis. Int J Gynaecol
Obstet 1994; 44:119–24.
25. Figueroa-Damian R, Arredondo-Garcia JL. Neonatal outcome of children born to women with tuberculosis. Arch Med Res 2001; 32:66–9.
26. Jana N, Vasishta K, Saha SC, Ghosh K. Obstetrical outcomes among
women with extrapulmonary tuberculosis. N Engl J Med 1999; 341:645–9.
27. Cantwell MF, Shehab ZM, Cosello AM, et al. Brief report: congenital
tuberculosis. N Engl J Med 1994; 330:1051–4.
28. Adhikari M, Pillay T, Pillay DG. Tuberculosis in the newborn: an
emerging disease. Pediatr Infect Dis J 1997; 16:1108–12.
29. Starke JR, Jacobs RF, Jereb J. Resurgence of tuberculosis in children.
J Pediatr 1992; 120:839–55.
30. Marais BJ, Gie RP, Schaaf HS, et al. The natural history of childhood
intra-thoracic tuberculosis: a critical review of literature from the prechemotherapy era. Int J Tuberc Lung Dis 2004; 8:392–402.

