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Abstract

Background: Accurate tuberculosis infection (TBI) tests are critical for pregnant women,
especially those with HIV, who have a high risk of TB disease.

Methods: We enrolled interferon gamma release assay (IGRA)+ pregnant women with and
without HIV in a longitudinal study, followed up at delivery and 6 months postpartum. Tuberculin
skin test (TST) and IGRA were compared by HIV status at each timepoint.

Results: Of 165 enrolled IGRA+ pregnant women: 35 (21%) had HIV and were on antiretroviral
therapy with median CD4 of 476 (IQR 399-586). Compared to antepartum, significantly fewer
women remained IGRA+ at delivery [HIV+ n=21/35 (62%, p=0.009); HIV- n=100/130 (77%,
p=0.002)] and postpartum [HIVV+ n=30/35 (87%, p=0.03); HIV- n=116/130 (89%, p=0.01)].
IGRA/TST discordance was high in pregnant women (HIV+: 51%; HIV-: 25%). Median IFN-y
was lowest for all women at delivery; significantly lower in women with HIV at all timepoints
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compared to women without HIV. TB incidence was 50/ 1000 person-years and 18/1000 person-
years among women with and without HIV respectively.

Conclusions: Pregnancy affects TBI test results and reduces IFN-y response to M. tuberculosis
stimulation. Despite adequate CD4 counts, women with HIV express less IFN-7 than women
without HIV, which may explain the high TB incidence in postpartum women with HIV.

Keywords

Tubercular Infection (TBI); Interferon Gamma Release Assay (IGRA); Tuberculin Skin Test
(TST); pregnancy, Human Immune Deficiency Virus (HIV); Interferon Gamma (IFN-y)

INTRODUCTION

Tuberculosis (TB) disease is a leading cause of maternal mortality worldwide, especially
among women living with HIV (WHO, 2015). Globally, more than 200,000 pregnant women
develop TB annually, over 30% of those cases occur in Southeast Asia(Chopra et al.,

2017, Gupta et al., 2007, Sugarman et al., 2014). TB incidence is highest within 90 days
postpartum and leads to poor maternal and infant outcomes, including maternal death,
preterm birth, and low birth weight (Getahun et al., 2012, Mathad and Gupta, 2012).

Before the combined antiretroviral therapy (CART) era, risk of TB disease was almost
10-fold greater in pregnant women with HIV to those without (Pillay et al., 2001); there are
few data on TB incidence in the cART era. Data from non-pregnant populations, however,
suggests that people living with well-controlled HIV still have higher risk of TB disease
than people without HIV(WHQO, 2019). This is of particular concern in pregnant women
with HIV since pregnancy may independently increase the risk of TB disease(Zenner et al.,
2012).

During a normal pregnancy, cytokines produced at the feto-maternal interface suppress
production of inflammatory cytokines, such as interferon gamma (IFN- %), which are
essential in preventing the progression of TB infection (TBI) to disease(Chaouat et al.,
1996). This suppression increases as pregnancy progresses and returns to baseline by 3-6
months postpartum, but may take longer in women with HIV(Chaouat et al., 1996, Mathad
et al., 2016, Mathad and Gupta, 2012, Zenner et al., 2012). The effect of these immune
changes on TB incidence is unknown. Cross-sectional studies of pregnant women with HIV
report significant discordance between the tuberculin skin test (TST) and interferon gamma
release assay (IGRA). Our previous study in HIV-infected pregnant women shows that
women with IGRA+/TST- results have a lower expression of IFN-y and IL-2 compared to
women with IGRA+/TST+ results, suggesting that the discordant phenotype has a biologic
cause (LaCourse et al., 2017, Theron et al., 2020). None of these studies have longitudinally
compared the immune response to M. tuberculosis (MTB) antigens in women with versus
without HIV.

Our objective was to investigate how stages of pregnancy and HIV impact responses to TBI
tests in a longitudinal cohort of pregnant women with HIV and without HIV. The goals
of this work were to compare the performance of TBI tests over time in pregnancy, and
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examine the agreement of TBI tests in pregnant women with and without HIV. We also
examined the effect of HIV on M. tuberculosis (MTB)-specific immune responses to gain
further insight into the pathophysiology of TB in pregnant women and TB progression.

METHODS

Between June 2016 and December 2019, we conducted an observational prospective
cohort study, PRegnancy Associated Changes In Tuberculosis Immunology (PRACHITIi;
R0O1HD081929) in women with and without HIV at Sassoon Government Hospital, a large
urban hospital in Pune, India.

Study population

Pregnant women over 18 years of age who presented to the antenatal clinic with gestational
age between 13-34 weeks were screened for the study. We excluded women with a history
of TB disease in the last two years, those currently on immunosuppressants or antibiotics
of 15 days duration, or those with haemoglobin <7.5 gms (to mitigate adverse effects

of additional blood draw for the study) (Fig 1). We initially excluded women receiving
isoniazid preventive therapy (IPT) to better assess progression from infection to disease,
but in 2017 the Indian national guidelines changed to recommend IPT for all with HIV,
including pregnant women. Hence, the protocol was amended to include individuals on IPT
in the study from 2017 onwards.

Screening, Enrollment and Follow up

We assessed TBI using the IGRA (QuantiFERON-TB Gold In-Tube (QGIT)) test and the
TST. For this analysis, we included only women with a positive IGRA at study entry to
understand the impact of pregnancy stage on IGRA results. If a woman had a positive World
Health Organization (WHO) TB symptom screen(WHO, 2011) or a positive TBI test at
study screening or at any time during the study, TB disease was ruled out through sputum
Cepheid GeneXpert MTB RIF assay, followed by culture if MTB was detected, shielded
chest radiography, and abdominal sonography (USG) as applicable. Women diagnosed with
TB disease were excluded and referred for treatment. Women without TB disease were
enrolled and followed until 1 year postpartum, with WHO symptom screen at each visit,
repeat TBI testing done within 5 days of delivery and at 6 months postpartum. These
timepoints were chosen based on known differences in test performance from our previous
studies(Mathad et al., 2016, Mathad et al., 2014).

Phlebotomy for QGIT was performed prior to Mantoux TST placement (SPAN diagnostics);
3 mL for QGIT or 4 mL for QGIT-Plus (QGIT-Plus was used after QGIT production

was stopped in 2017). Samples were processed and interpreted as per package insert
(Quantiferon plus 2019, Quantiferon2018). The quantitative IFN- response was measured
from the supernatant of the TB antigen tubes. For consistency in interpretation of results,
IFN-y response to TB antigen 1 tube minus NIL in QGIT and QGIT-plus was used in this
analysis. TST was placed in the forearm (5 tuberculin units of purified protein derivative)
and read by a study nurse at 48—72 hours. A positive TST was defined as induration =5 mm
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for women with HIV and =10 mm for those without HIV. Agreement between the TBI tests
was defined as IGRA+/TST+ or IGRA-/TST-.

All participants provided written, informed consent prior to enrollment. The study was
approved by the Institutional Review Board of Byramjee Jejeebhoy Government Medical
College, Johns Hopkins University, Weill Cornell Medicine, and by the Health Ministry
Screening Committee of the Indian Council Medical Research, India.

Statistical Analysis

RESULTS

Primary outcomes were longitudinal changes in TBI results and in IFN-y response to

M. tuberculosis (MTB) antigen by IGRA at pregnancy, delivery, and postpartum in

IGRA+ pregnant women with and without HIV. TB disease progression was a secondary
outcome. Sociodemographic/clinical characteristics and primary outcomes were summarized
as proportions and medians with interquartile range (IQR) and compared by HIV status
using Fisher’s exact test and Wilcoxon rank sum test, as appropriate. To assess the effect

of covariates on longitudinal changes in linear IFN-y response to MTB, a univariable and
multivariable mixed effects model was used, in which the individuals were treated as random
effects. IFN-y response had constant correlation structure over time with increase in lag time
hence exchangeable correlation was used in the mixed effects models. Variables that were
significantly different (p<0.05) between women with and without HIV in the univariable
analysis were included in the multivariable model. We also included variables that could

be clinically relevant for the immune response to MTB (e.g. stage of pregnancy, TST, HIV
status). With a sample size of at least 32 HIV infected and 60 HIV uninfected women, we
had 90% power to detect a difference in IFN ¥ levels between women with and without HIV
with a 5% significance level. Stata version 14.2 (StataCorp. 2015. Stata Statistical Software:
Release 14.2 College Station, TX: StataCorp LP) was used for analysis.

Baseline demographics and clinical characteristics

For the parent PRACHITI study, we enrolled 234 HIV infected and uninfected pregnant
women, of which 165 were IGRA+ (35 with HIV and 130 without HIV) and were included
in this analysis (Table 1, Figure 1). Median age at enrolment was 23 years (IQR: 21 — 27)
and median gestational age was 22 weeks (IQR: 18 — 27). The majority were unemployed
from an urban area and 33% had a daily household income of less than $5 USD (~350
INR). More than 75% of participants were BCG vaccinated as determined by the scar, over
10 years ago as reported by the women; see Table 1 for additional demographic details. At
enrolment, five women (3 women with HIV and 2 without HIV) had TB exposure within
their household in the previous 2 years. All women with HIV were on antiretroviral therapy
(ART) with a median CD4 count of 476 cells/mm3 (IQR 399 — 586) and viral load of <40
copies/ml (IQR 0-109).

Overall retention rate of the parent study was over 90%. Of the 165 women included in this
analysis, 162 (98%) returned for delivery and 146 (89%) returned for 6 months postpartum
visits (Figure 1).
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Longitudinal TST and IGRA results differed by HIV status

By design, all women included in this analysis had a positive IGRA test at study entry.
Regardless of HIV status, all women had a significant decrease in IGRA positivity at
delivery (HIV+: 100% to 62%, p<0.01; HIVV-: 100% to 77%, p<0.01) (Figure 2). Between
delivery and 6 months postpartum, IGRA positivity increased significantly in both women
with and without HIV (HIV+: 62% to 87%, p<0.05; HIV-: 77% to 89%, p<0.05) (Figure 2).
The change in IGRA positivity was greater in women with HIV than those without, though
this comparison did not reach statistical significance between pregnancy and delivery (A:
—-38% in HIV+ vs. —23% in HIV—, p=0.07) or between delivery and 6 months postpartum
(A: +25% in HIV+ vs 13% in HIV—, p=0.7).

For TST, 17 of 35 (49%) pregnant women with HIV and 98 of 130 (75%) without HIV had
a positive test (p=0.004) (Figure 2) with a median size of 16mm in HIV infected and 19mm
in HIV uninfected pregnant women (Table 1& S Table.1). There was a numerical increase in
TST positivity from pregnancy to delivery in women with HIV (49% vs. 68% p=0.11) and
without HIV (75% vs 80% p=0.14). While TST positivity numerically increased between
delivery and postpartum in women with HIV (68% vs 80% p=0.3), it did not change in
HIV-uninfected (80% vs 80% p=0.9). For all time points, median TST induration was
>15mm regardless of HIV status. (S Table.1)

Low concordance of IGRA and TST

TST positivity was lower than IGRA positivity at pregnancy, delivery and postpartum in

all women, regardless of HIV status. (Figure 2) Compared to women without HIV, women
with HIV had lower IGRA+/TST+ concordance at pregnancy (49% HIV+ vs. 75% HIV-;
p=0.003) (Table 2). Women without HIV had >70% IGRA/TST agreement at all timepoints.
In women with HIV, IGRA/TST agreement was 49% during pregnancy, 68% at delivery
with improvement to 77% at 6 months postpartum (Table 2).

Quantitative IFN-y response to MTB antigen varies with stage of pregnancy and HIV status

Women with HIV also had a lower IFN-y response at all timepoints compared to women
without HIV; the difference was significant during pregnancy (1.5 IU/mL [IQR 0.8-5.2] vs
4.6 IU/mL [IQR 3.7-5.8], p=0.002) and at delivery (0.5 IU/mL [IQR 0.4-1.9] vs 2.0 IU/mL
[IQR 0.3-3.4], p=0.007), but did not reach statistical significance at 6 months postpartum
(1.8 IU/mL[IQR 0.9-6.1] vs 4.8 IU/mL [IQR 3.9-8.2], p=0.11) (Figure 3). A multivariable
mixed effect model with random effects identified the following as contributing factors for
longitudinal change in quantitative IFN-y response: being pregnant compared to delivery
(mean deviation [MD] slope 1.35 [95% ClI: 0.58, 2.12], p=0.001), postpartum compared to
delivery (MD slope 1.31 [95% CI: 0.5, 2.11] p=0.001), and having HIV (MD slope —1.55
[95% ClI: —2.86, —0.23] p=0.005) (S Table 2).

TB progression was higher in women with versus without HIV

During the course of the study, nine enrolled women (5 HIV+, 4 HIV-) progressed from
TBI to TB disease. One case (HIV+) was diagnosed during the third trimester of pregnancy,
and eight cases (4 HIV+, 4 HIVV-) were diagnosed during postpartum (S Table 3). As such,
the overall TB incidence was 28 per 1000 person-years (95% CI 13 — 53). Stratified by HIV,
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the TB incidence was 50 per 1000 person-years among women with HIV and 18 per 1000
person-years among women without HIV. Of the 50 (18 HIV+; 32 HIV-) IGRA+/TST-
pregnhant women at enrolment, 44% (8 HIVV+; 14 HIV-) converted to a positive TST
(IGRA+/TST+) at delivery (S Table 4). Of the 8 women with HIV who converted to
IGRA+/TST+ concordance at delivery, 3 (37%) progressed to TB disease prior to 6 months
postpartum. None of the 14 HIV uninfected women with conversion to IGRA+/TST+ at
delivery progressed to TB disease (S Table 4). IPT was initiated in the national program

for women with HIV in 2017, but only three of our enrolled 35 women with HIV (two
during pregnancy and one at postpartum) were given IPT. Two of these three women did not
complete the treatment, one of which developed TB disease.

DISCUSSION

We found that the performance of both the IGRA and TST are affected by stages of
pregnancy, with a nadir of positive results at delivery. The TST returned fewer positive
results than the IGRA, while the IGRA had significant qualitative and quantitative changes
throughout the peripartum period. Despite having CD4+ counts over 400 cells/mm?3, IGRA+
women with HIV consistently had a lower quantitative response to MTB antigens at every
timepoint than IGRA+ women without HIV. TB progression was higher among women with
HIV than in women without HIV. The majority of incident TB cases were diagnosed within
6 months postpartum.

There are few data on the impact of HIV on TB-specific immune function during pregnancy.
To our knowledge, ours is the first study to compare the performance of these tests over
time in women with and without HIV. We found that more TBI was diagnosed by IGRA
than TST which is consistent with other studies from high incidence settings in pregnant
women with HIV and high risk non-pregnant population without HIV (LaCourse et al.,
2017, Mathad et al., 2014, Pai et al., 2005, Zwerling et al., 2012).

Though fewer TBI cases were identified by TST, the test is believed to be less informative in
BCG-vaccinated populations and where exposure to non-tuberculous mycobacteria (NTM)
is high (Hoft et al., 2000, Pai et al., 2014). More than 75% of our preghant women aged

~23 years in the study were BCG-vaccinated, presumably with a single dose in their infancy
according to Indian immunization policy. Yet, there was still 70% agreement between tests.
Since our women were BCG vaccinated >10 years ago and > 99% had a TST reaction

of >10mm (Table 1 and S Table 1), it is highly likely that TST reaction in our study

women signifies true TB infection as shown in the literature (Farhat et al., 2006, Sharma
etal., 2017). The high discordance of TBI tests in our study may be related to the immune
suppression of pregnancy as has been reported in studies of pregnant women in other

high prevalence settings(LaCourse et al., 2017, Worjoloh et al., 2011). Lower IFN-y and
IL2 may prevent delayed hypersensitivity reaction to TST but does not affect the ELISA
measurement of IFN- in IGRA, making IGRA a more sensitive test compared to TST
(Mathad et al., 2016, Mathad et al., 2014).

Our finding that women with HIV continued to express lower IFN-y, despite being on CART
and with adequate CD4 counts, is consistent with emerging data in non-pregnant populations
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with TBI (Gupta et al., 2013). Evidence indicates that people with HIV are at greater risk
of developing TB disease even before profound CD4 loss occurs (Day et al., 2017, Riou et
al., 2016). More recent studies in ART-naive adults with HI\V demonstrate that proliferation
of MTB-specific CD4 cells, especially those that express IFN- ¥, is impaired in those with
TBI and HIV compared to those with TBI and without HIV (Day et al., 2017, Riou et al.,
2016). Another study found that both cART-experienced (CD4>300) and cART-naive HIV
infected individuals had markedly reduced levels of IFN- y-secreting-CD4 T-cells compared
to healthy controls(Sutherland et al., 2006). Because IFN- is the main cytokine required to
maintain immune control over MTB infection,(Cavalcanti et al., 2012) the possible defect
in functional capacity of CD4+ T cells in HIV infected people may explain why pregnant
women with HIV in our study remained at higher risk of developing TB disease than women
without HIV.

Most women who developed TB disease did so within 6 months postpartum. After delivery,
most postpartum women stay home, and are less exposed to TB, suggesting that these cases
represent progression from TBI to TB disease rather than new infection. We hypothesize
that the lower IFN-y levels in pregnancy may allow TB progression during pregnancy, while
also masking clinical symptoms. Once the immune system recovers in the early postpartum
period, this incipient disease becomes overt. Our hypothesis is supported by our own data
showing increased IFN-y levels in the postpartum period as well as a large epidemiological
study, which also shows a 2-fold increased TB incidence during the early postpartum
period(Gupta, 2007, Zenner, 2012).

Our data and others suggest that pregnant women should be considered a high-risk group for
TB progression and, therefore, TB preventive therapy. We found an overall TB incidence of
28 per 1000 person-years, which is 24.6 times higher than the TB incidence of 1.14 per 1000
person years reported from the general population in the same state in India(TB Facts Org,
2018).Furthermore, pregnant women with HIV had an even higher TB incidence, 2.8 times
higher than that of women without HIV. This suggests that the combination of pregnancy
and HIV, despite being well controlled, still results in a disproportionately high risk of TB
disease.

However, administration of IPT during pregnancy remains controversial. At the time of this
study, IPT was just being introduced for pregnant women with HIV in India and only 3
women with HIV in our study had ever taken IPT. Though the WHO has recommended IPT
for all HIV infected individuals including pregnant women since 2011(WHO, 2011), few
TB-endemic countries implement this recommendation for fear of toxicity. A recent study
found that pregnant women with HIV who took IPT during pregnancy had an increased risk
of adverse pregnancy outcomes compared to women administered IPT postpartum(Gupta
etal., 2019, Gupta et al., 2020). Because other studies report no increased risk of adverse
outcomes with antepartum IPT use, there is confusion over the optimal timing of IPT

in pregnant and postpartum women(Hamada et al., 2020, Salazar-Austin et al., 2020).
Rifampicin preventive therapy (RPT) is a safe and effective alternative for non-pregnant
people (Campbell et al., 2020, Flynn et al., 2020, Menzies et al., 2018, Sterling et al., 2020).
While WHO acknowledges the safety of rifampicin in pregnancy, it still recommends IPT
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for TB prevention in pregnancy until safety data are available for other preventive therapies
such as rifapentine containing regimens (WHO, 2020).

Our study and others suggest that a positive IGRA in pregnancy, especially in women with
HIV, is associated with higher risk of TB disease postpartum(Jonnalagadda et al., 2010).
Notably, the majority of women with HIV who developed TB disease in our study had
IGRA+/TST- discordance during pregnancy and converted to IGRA+/TST+ at delivery.
Since our study pregnant women were all IGRA positive, the TST conversion at delivery

is less likely to be a new exposure but rather a change in the immune response to TST.
Exploration of the predictive value of this phenotype in larger studies of pregnant women in
TB endemic countries may be warranted to identify women at the highest risk of developing
TB disease, in whom the benefit of TB preventive therapy (TPT) would clearly outweigh
any potential risk (Schnittman et al., 2021).

Our longitudinal study design had several strengths, including an excellent retention rate
(>90%), which enabled us to track changes in IGRA and TST at pregnancy, delivery and
postpartum. Our rigorous approach of screening all pregnant and postpartum women with
the WHO-recommended TB symptoms screen also allowed us to actively identify incident
cases of TB in this population. We also had limitations: by including only IGRA-positive
women in our analysis we were unable to comment on conversions from negative to positive
results from pregnancy to delivery or postpartum and progression to TB disease in IGRA
negative women. In previous studies by our group and others, the risk of postpartum TB was
highest in IGRA+ women(Jonnalagadda et al., 2010, Jonnalagadda et al., 2013, Mathad et
al., 2016). Because we performed serial TSTs, the increase in TST positivity from pregnancy
to delivery, especially in women with HIV, could reflect a boosting effect from the second
TST placement. Boosting is usually maximal within 1 to 5 weeks from the initial test, but
can be seen for over one year(Hecker et al., 1997, Menzies, 1999, Nayak and Acharjya,
2012). Initiation of IPT for women with HIV during the study could have influenced the TBI
test results as well as IFN-y response to TB antigen at various time points. Very few women
with HIV were initiated on IPT during the study period and repeat analyses excluding those
on IPT showed no significant changes in longitudinal IGRA or TST positivity and median
IFN- response. Importantly, by including women with and without HIV, we were able to
assess relative changes in both populations and assess the impact of HIV on the performance
of IGRA and TST during the peripartum period.

CONCLUSIONS

Systematically screening pregnant women with TBI for TB disease would identify an
important pool of women at high-risk of TB progression (WHO, 2018). Our study showed
that the immune changes of pregnancy and the postpartum period affect the performance
of the TST and IGRA leading to missed diagnosis. Importantly, our study also documented
that IGRA+ women with well-controlled HIV still have decreased expression of IFN-y in
response to MTB antigens compared to IGRA+ women without HIV.

Immunological changes place pregnant and early postpartum women at high risk of
developing TB disease and they should be prioritized for TPT. Identifying pregnant women
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that have the highest risk of developing TB disease remains a challenge, and is further
complicated by the potential risks of taking IPT in pregnancy. Healthcare providers should
utilize systematic screening for TB symptoms combined with microbiologic and radiologic
testing, as indicated, to identify and treat pregnant women with TB disease early, improving
the survival of herself and her family.
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Figure 1. PRegnancy Associated CHanges in Tuberculosis Immunology (PRACHIT]I) subanalysis
of IGRA+ subjects study design.

Individuals who were symptom screen and TBI negative [IGRA negative, n=69 (HI\VV+
n=44; HIV- n=25)] were not included in the present analysis to understand the impact
of HIV and pregnancy stage on quantitative and qualitative changes in IGRA results. a
121 subjects expected for third trimester follow-up. b Assessments made at six months
postpartum.
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Figure 2. Performance of IGRA and TST is inconsistent during peripartum.
Qualitative performance of an interferon gamma release assay (IGRA) and tuberculin skin

test (TST) at each pregnancy stage in a longitudinal cohort of initially IGRA+ pregnant
women with and without HIV in Pune, India (n=165)., IGRA performance declined at
delivery, characterized by lowest IGRA positivity (proportion =0.351U/mL) and highest rate
of indeterminant results (nil >8.01U/mL or mitogen <0.501U/mL); IGRA positivity did not
differ significantly according to HIV status, although women without HIV tended to remain
IGRA+ at delivery (p=0.07. IGRA+/TST+ concordance was particularly low among women
living with HIV compared to those without HIV (p=0.003); TST positivity improved at
delivery and 6 months postpartum with no significant differences by HIV status.
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Figure 3. IFN-y response decreased from pregnancy to delivery and increased from delivery to 6
months postpartum regardless of HIV status.

Quantitative IFN-y response (median IFN-y concentration measured in TB antigen 1 tube
using the QuantiFERON-TB Gold In-Tube and QuantiFERON-TB Gold plus assay) to
Mycobacterium tuberculosis antigen stimulation at each pregnancy stage in a longitudinal
cohort of initially IGRA+ pregnant women with and without HIV in Pune, India. Response
decreased from pregnancy to delivery (p<0.01) and increased from delivery to 6 months
postpartum (p<0.01), regardless of HIV status. Women living with HIV had a lower IFN-y
response than women without HIV at all timepoints; the difference was significant during
pregnancy and delivery, as indicated by the asterisk (p<0.01).

Error bar represents 95% confidence interval.
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