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Background: There is a dearth of reports on drug-resistant tuberculosis (DRTB) treatment outcomes
among pregnant women in tuberculosis (TB)/HIV high-burdened countries. We report treatment
outcomes of 18 pregnant women with DRTB in Uganda.

Methods: We reviewed charts of individuals who received DRTB treatment in Uganda across 16 DRTB
treatment sites. We included all women who were pregnant during DRTB treatment and had a treatment
outcome documented between 2013 and 2019.

Results: There were 18 pregnant women with a mean age (standard deviation (SD)) of 27.5 (5.2) years, of
whom 8 (44.4%) were HIV co-infected. Among these women, 12 (66.7%) had primary DRTB and 8 (44.4%)
had multidrug-resistant TB. Levofloxacin (Lfx), Pyrazinamide, Cycloserine and Kanamycin (Kn) were the
most (>78%) used drugs in the treatment regimen and the mean (SD) treatment duration was 17.6 (7.5)
months. Elevated liver enzymes (81.8%, n = 11) and hearing loss (33.3%, n = 15) were the most frequently
encountered drug adverse events. Treatment success was observed among 15 (83.3%) patients, 2 (11.1%)
patients were lost to follow up and 1 (5.6%) patient died.

Conclusion: The treatment success among pregnant women with DRTB in Uganda was high despite a high
prevalence of HIV co-infection.

© 2021 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).

Background

Drug-resistant tuberculosis (DRTB) is an emerging threat to
tuberculosis (TB) control and an estimated half a million incident
cases occurred in 2019 globally (World Health Organization, 2020).
In sub-Saharan Africa, the pooled prevalence of DRTB is 12.6%
among new TB cases (Lukoye et al., 2015). The programmatic
management of DRTB is plagued by low rates of drug susceptibility
testing (DST), low notification of cases and the global treatment
success rate is consistently lower than 60% (World Health
Organization, 2019a, 2020). Additionally, DRTB treatment is
complex, expensive, lengthy and associated with several toxicities
particularly among patients with comorbid conditions (Esmail
etal., 2018). For that reason, individualised regimens that take into
account the disease severity, concurrent medications and risk of
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adverse events are recommended for sub-group populations such
as children, HIV co-infected and pregnant women (World Health
Organization, 2019b).

Among pregnant women, Amikacin, Streptomycin and Ethion-
amide (Eto)/Proethionamide are contraindicated while there is still
little knowledge on the safety of newer agents (Bedaquiline (BDQ)
and Delamanid) (World Health Organization, 2019b). There is no
consensus on the optimal DRTB treatment regimen among
pregnant women and data on efficacy, safety, tolerability and
maternal and foetal outcomes are needed (Nahid et al., 2019).
Currently, there are few reports on the treatment outcomes of
pregnant DRTB patients. A systematic review that included 65
pregnant women with DRTB reported a treatment success rate of
69% and live births were observed among 79% of the patients
(Nahid et al., 2019). However, a more recent systematic review of
174 women reported the prevalence of maternal deaths, pregnancy
loss, preterm death and low birth weight to be 7.5%, 10.6%, 12.9%
and 23.7%, respectively (Alene et al., 2020). Unfortunately, there
are few reports from TB/HIV high-burdened settings, all of which
are from South Africa (Khan et al., 2007; Loveday et al., 2020; van
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der Walt et al., 2020). The DRTB treatment success rates from these
reports was 65%-67% and 88%-91% of pregnancies that resulted in
live births (Loveday et al., 2020; van der Walt et al., 2020). More
reports on treatment and pregnancy outcomes among pregnant
women with DRTB from TB/HIV high-burdened countries are
needed. Uganda is a TB/HIV high-burdened country where 52%-
62% patients with DRTB are co-infected with HIV (Baluku et al.,
2020; Kasozi et al., 2020; Okethwangu et al., 2019). The cumulative
number of patients with DRTB enrolled in care was 1352 by 2017,
which averaged 225 patients annually, and the treatment success
rate has been consistently >70% (Kasozi et al., 2020). In this study,
we report characteristics and treatment outcomes of 18 pregnant
women who were managed for DRTB in Uganda between 2013 and
2019.

Methods
Study setting and population

This was part of a larger countrywide retrospective review of
patients’ charts from 16 of 17 DRTB treatment sites in Uganda
(Baluku et al.,, 2021). In this study, eligible patients were all
pregnant women with laboratory-confirmed DRTB who had a
documented treatment outcome between 2013 and 2019. Preg-
nancy was confirmed by commercially available urine human
chorionic gonadotropin tests. DRTB was diagnosed using Xpert
MTB/RIF assay and conventional Mycobacterium culture on sputum
samples. There were no exclusion criteria. The programmatic
management of DRTB in Uganda began in 2013 and DRTB
treatment is offered at 16 public hospitals and 1 private not-for-
profit hospital. Facility-based directly observed therapy is the main
model of treatment adherence and adverse effect monitoring and
local DRTB treatment guidelines (Ministry of Health, 2011, 2016,
2017) have been in tandem with the World Health Organisation
(WHO) guidelines.

Diagnosis and management of DRTB among pregnant women

After an initial molecular drug susceptibility test (Xpert MTB/
RIF or line probe assays) that showed resistance to the first-line
agents, a second sample was transported to the National
Tuberculosis Reference Laboratory for phenotypic culture-based
DST. All women of childbearing age were required to have a
pregnancy test done before the initiation of DRTB treatment. All
were empirically initiated on a standardised DRTB treatment
regimen as per national guidelines after the molecular DST. Upon
receipt of the phenotypic DST, the regimen was individualised (if
need be) according to the drug susceptibility pattern. Among
pregnant women, earlier Uganda DRTB treatment guidelines
(Ministry of Health, 2011, 2016) recommended initiating the DRTB
therapy in the second trimester or sooner if the patient was
deemed to be severely sick. However, we were unable to establish
the gestation age at which therapy was initiated for women who
were pregnant at the time of treatment initiation. Injectable agents
and Eto were not recommended due to ototoxicity (to the mother
and foetus) and worsening of pregnancy-related gastrointestinal
symptoms, respectively. If there was no alternative to the
injectable agent, Capreomycin was the preferred drug of choice.
By 2019, there were 4 standardised regimens: (1) a standardised
shorter treatment regimen, introduced in 2016 (Ministry of Health,
2017), of 9-11 months with 4-6 months of Kn, Moxifloxacin (Mfx),
Eto, High-dose Isoniazid (HHD), Clofazimine, Pyrazinamide (Z) and
Ethambutol (E) followed by 5 months of Mfx/Cfz [E/Z; (2) a
conventional treatment regimen of 20-24 months with 6-8
months of Kn/Lfx/Eto/Cs/Z followed by 14-16 months of Lfx/Cs/
Eto/Z and (3) an oral BDQ-based regimen of 9 months with BDQ/
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Linezolid/Lfx/Cfz/Cs (Ministry of Health, 2019) for which no
constituent drug was contraindicated in pregnancy.

Therapy was initiated at a DRTB treatment initiation site.
Patients were briefly admitted at these sites (typically for less
than a month), to perform preliminary work up and identify a
peripheral follow-up facility (FUF) near the patient’s homestead
for the continuation of care. Directly observed therapy was
administered by health workers at the peripheral FUF. Women
were monitored monthly for clinical improvement (signs and
symptoms), sputum conversion (sputum cultures) and side
effects (serum creatinine, liver transaminases, full haemogram
and audiometry). Further details of DRTB management in
Uganda are described elsewhere (Baluku et al., 2021; Kasozi
et al., 2020).

Study measurements

By using a data abstraction form, sociodemographic and
clinical data were extracted from the patient charts. Data on age,
sex, year of treatment initiation, employment and marital status
were obtained. Additionally, data on previous TB episode, HIV
status and treatment, other comorbid conditions, baseline TB
resistance profile, drugs used in the treatment regimen, drug
adverse events, treatment duration, time to culture conversion
and treatment outcomes were extracted. Women were routinely
monitored for hearing loss, hepatic injury, renal dysfunction and
anaemia.

In this analysis, hepatic injury was defined as elevation in any
of total bilirubin, aspartate aminotransferase, gamma-glutamyl
transferase, alanine aminotransferase and alkaline phosphatase
at the respective cut offs of: >2.5 mg/dL, >34.8 U/L, >68.5 U/L,
>42.8 U/L and >151 U/L (Eller et al., 2008). Renal dysfunction was
defined as any creatinine level >106.1 wm/L (Eller et al., 2008). A
haemoglobin level of <8.0 g/dL was considered to be severe
anaemia (World Health Organization, 2011). Hearing loss was
monitored using pure tone audiometry. Treatment outcomes
were cure, treatment completion, death, loss to follow up and
treatment failure as defined by World Health Organization (2013).
Treatment success was defined as a sum of cure and treatment
completion.

Statistical analysis

Data were analysed using Stata 15.0 (STATA, College Station,
Texas, USA). A descriptive approach was undertaken, and data were
summarised as proportions and means with corresponding SDs for
categorical and continuous variables, respectively.

Consent and ethical approval

The primary study was proved by the Mulago Hospital Research
and Ethics Committee (#MHREC 1679), which provided waiver of
consent for the use of secondary data.

Results

Sociodemographic characteristics of pregnant women with DRTB in
Uganda

Eighteen pregnant women with DRTB were enrolled, of whom 6
(33.3%) were pregnant at treatment initiation. The mean age (SD)
was 27.5 (5.2) years and 12 (66.7%) patients had no history of
previous TB treatment. All 6 patients with previous TB treatment
had been treated with first-line agents (combination of rifampicin,
isoniazid, ethambutol and pyrazinamide). Other sociodemo-
graphic characteristics are shown in Table 1.
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Table 1 Table 2
Sociodemographic characteristics of pregnant women with DRTB in Uganda. Clinical characteristics of pregnant women with DRTB in Uganda.
Characteristic (N = 18) n (%) Clinical characteristic (N = 18) n (%)
DR-TB treatment site Body mass index, mean (SD), kg/m? and n = 10 19.0 (3.6)
National referral hospital 5(27.8) Type of DRTB at baseline
Regional referral hospital 10 (55.6) Rifampicin resistance 9 (50.0)
District hospital 3(16.7) MDRTB 8 (44.4)
Age (years), n = 17 Poly-resistant tuberculosis 1(5.6)
15-34 15 (88.2) Resistance at baseline
35-60 2 (11.8) Rifampicin 18 (100)
Residence Isoniazid 8 (44.4)
Rural 13 (72.2) Streptomycin 1(5.6)
Urban 5(27.8) Ethambutol 3 (16.7)
Employment status, n = 17 Pyrazinamide 1(5.6)
Unemployed 12 (70.6) Second-line aminoglycoside 1(5.6)
Self employed 3(17.6) Drugs in treatment regimen
Formal employment 2 (11.8) Kanamycin 13 (72.2)
Marital status Levofloxacin 16 (88.9)
Married 13 (72.2) Ethambutol 3 (16.7)
Not Married 5(27.8) Clofazimine 4(22.2)
History of TB treatment High-dose isoniazid 2 (11.1)
Yes 12 (66.7) Capreomycin 5(27.8)
No 6 (33.3) Cycloserine 16 (88.9)
Year of treatment initiation Linezolid 1(5.6)
<2013 1(5.6) Pyrazinamide 17 (94.4)
2014 2 (11.1) High-dose isoniazid 2 (11.1)
2015 2 (11.1) Moxifloxacin 2 (11.1)
2016 3(16.7) Drug adverse effects
2017 3 (16.7) Hepatic injury, n = 11 9 (81.8)
2018 5(27.8) Hearing loss, n = 15 5(33.3)
2019 2 (11.1) Psychiatric symptoms 3(16.7)
Renal dysfunction, n = 12 1(8.3)
Severe anaemia, n = 11 1(9.1)

Clinical characteristics of pregnant women with DRTB in Uganda

Among the women, 8 (44.4%) were HIV co-infected and were all
on antiretroviral therapy (7 were on tenofovir disoproxil/lam-
ivudine/efavirenz and 1 was on Zidovudine, Emtricitabine and
Nevirapine) and cotrimoxazole prophylaxis before DRTB treatment
initiation. The mean (SD) baseline body mass index (BMI) was 19.0
(3.6) kg/m? (n = 10) and 5 (50%) patients had BMI < 18.5 kg/m?. The
mean (SD) duration from DRTB diagnosis to treatment initiation
was 13.0 (10.3) days (n = 15), while the mean (SD) treatment
duration and time to sputum conversion was 17.6 (7.5) and 2.1 (2.4)
months, respectively. The commonest side effect was hepatic
injury that occurred in 9 (81.8%) women, 6 (33.3%) women
experienced no side effects, and among those women with side
effects, 6 (50.0%) had >2 side effects. Other clinical characteristics
are shown in Table 2.

Treatment outcomes of pregnant women with DRTB in Uganda

Of all the pregnant women, 14 (77.8) were cured, 2 (11.1) were
lost to follow up, 1 (5.5%) completed treatment and 1(5.5%) died.
Therefore, the treatment success rate was 83.3%. There was no case
of treatment failure.

Discussion

The objective of this study was to describe the characteristics
and treatment outcomes of pregnant women with DRTB in Uganda,
a TB/HIV high-burdened country. We report a treatment success
rate of 83% even though 44% of the cohort were co-infected with
HIV.In 2014, it was estimated that there were 1400-4400 pregnant
women with TB in Uganda (Sugarman et al., 2014). However, the
incidence of DRTB and treatment outcomes among pregnant
women in Uganda are not well established. This study is therefore
the first to report on DRTB among pregnant women in Uganda. Our
treatment success was higher than that observed among 38
pregnant women in Peru (74%) (Palacios et al., 2009). In South
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Africa, a TB high-burdened country, treatment success was 65%-
67%, far below our reported proportion (Loveday et al., 2020; van
der Walt et al., 2020). This could be because we had a lower
proportion of women with HIV co-infection (44% vs. 76.9% (van der
Walt et al., 2020) and 81% (Loveday et al., 2020)), all of whom were
started on ART and cotrimoxazole prophylaxis before DRTB
treatment initiation. In addition, these studies included patients
with extensively drug-resistant TB. It is worth noting that DRTB
treatment success in Uganda was 74% in the 2017 cohort, which
was way above the global estimate of 57% (World Health
Organization, 2020) and therefore, it is not surprising that
pregnant women with DRTB in Uganda also had a higher rate of
treatment success. Additionally, while there was a high prevalence
of HIV among pregnant women in our study, the proportion is
lower than the 53%-59% reported among nationwide DRTB cohorts
whose treatment success rate was >70% (Baluku et al., 2021; Kasozi
et al.,, 2020). Even among people with TB/HIV co-infection in
Uganda, regardless of pregnancy status, the treatment success rate
is 74% (Musaazi et al., 2017). Moreover, Uganda has implemented
an enablers program for DRTB patients since 2015 to foster
treatment adherence. Further, pregnant women are closely
monitored by clinicians and the local national DRTB consilium
(a multidisciplinary panel of experts who provide expert opinion
and consensus on the best treatment options).

From the patients’ charts, we could not determine the
pregnancy outcomes of the women in our cohort because this
was not documented. Notwithstanding, febrile illnesses during
pregnancy are associated with a higher risk of poor pregnancy
outcomes among people with HIV in Uganda (Lancaster et al.,
2015).Itis, therefore, important that programs proactively monitor
and document pregnancy outcomes as DRTB and its treatment can
result in foetal demise and low birth weight (Alene et al., 2020).
While 84% of babies born to pregnant women with DRTB were
reported to be thriving at 1 year (Loveday et al., 2020), it may be
necessary to evaluate long-term neurocognitive development of
children exposed to second-line agents in utero or during lactation.
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Although our cohort was small, hearing loss and psychiatric
symptoms were observed among the women, yet the culprit
agents (aminoglycosides and cycloserine (Cs), respectively) cross
the placenta. Future studies could further document pregnancy
outcomes among pregnant women with DRTB/HIV co-infection.

This study has limitations. Clearly, our cohort is small, and no
inferences can be made with regard to optimal treatment regimens
or anticipated adverse events. Nevertheless, it contributes to the
few available studies among pregnant DRTB women from TB/HIV
high-burdened countries. We were unable to evaluate pregnancy
outcomes, and therefore, a high TB treatment success among the
women does not reflect optimal DRTB treatment outcomes for the
foetus. Pregnancy outcomes were not available to enable us to
perform an analysis for pregnancy outcomes.

Conclusion

The treatment success among pregnant women with DRTB in
Uganda was high despite a high prevalence of HIV co-infection.
Large studies are needed to determine predictors of treatment
success among pregnant women with DRTB.
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