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Background. Pregnancy increases Mycobacterium tuberculosis (Mtb) reactivation risk and alters immune responses. We assessed
Mtb-specific CD4+ T-cell responses in pregnant women with HIV (WLHIV) and without, including those receiving isoniazid
preventive therapy (IPT).

Methods. We measured adaptive immune responses from 33 participants (HIV+ 21, HIV— 12) with positive interferon-gamma
release assay during pregnancy (20-34 weeks’ gestation), 6 weeks, and 12 months postpartum by intracellular cytokine staining. We
measured overall responses using COMPASS and made comparisons by nonparametric analysis of variance.

Result. 'We observed diminished Mtb-specific CD4+ T-cell responses in WLHIV during pregnancy versus 12 months postpartum
(COMPASS median functional score [FS] .009 vs 0.12, P =.03). WLHIV who received IPT (n = 8) during concurrent pregnancy had
attenuated Mtb-specific CD4+ T-cell responses during pregnancy versus 12 months postpartum (median FS 8.3 x 10~ vs 0.13,
P=.02), but WLHIV who did not receive IPT during pregnancy had similar responses in pregnancy and postpartum. Mtb-
specific CD8+ FS was increased postpartum in all groups. We found preexisting Mtb-specific CD4+ T-cell responses in

participants who converted interferon-gamma release assay tests postpartum (n = 10).

Conclusions.

Pregnant WLHIV, especially those on IPT, showed reduced Mtb-specific CD4+ T-cell responses. Understanding

the impact of pregnancy on Mtb-specific T-cell responses may improve diagnostic approaches.
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More than 1 million individuals died from tuberculosis (TB) in
2022 [1]. TB is associated with poor pregnancy outcomes for
both mother and infant, including low birth weight, premature
birth, and death [1-3]. Pregnant and early postpartum women
are more likely to progress from latent TB infection to active
TB disease, making this a potentially critical time to influence
Mpycobacterium tuberculosis (Mtb) [4, 5]. Our prior work, in a
cohort of sub-Saharan African women enrolled in a HIV pre-
vention trial, demonstrated that immune responses to TB were
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diminished during the third trimester of pregnancy [6]. In a sep-
arate cohort, Mtb-specific responses were diminished in
pregnant women living with HIV (WLHIV), compared to
pregnant women without HIV, but the prevalence of positive
interferon-y release assay (IGRA) results were similar regardless
of HIV status [7]. Similarly, cohorts in India and Ethiopia dem-
onstrated decreased IGRA sensitivity at delivery compared to
early pregnancy and postpartum, with decreased Mtb-specific
antigen responses among WLHIV in pregnancy and at delivery
compared to women without HIV [8-11]. However, the effect of
pregnancy on Mtb-specific T-cell responses remains somewhat
uncertain [12].

WLHIV demonstrate altered adaptive immune responses
overall and to Mtb infection [13], and Mtb-specific T-cell re-
sponses may be further influenced by the systemic immune
modulation characteristic of pregnancy [14]. Among WLHIV,
World Health Organization guidelines recommend isoniazid
preventive therapy (IPT) to reduce the likelihood of Mtb pro-
gression including among pregnant WLHIV [15]. Recent studies
suggest that IPT may also diminish Mtb-specific T-cell responses
[16]. Understanding the impact of IPT and HIV on Mtb-specific
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immune responses in pregnant women may provide insight into
how the Mtb-specific adaptive immune response develops and
changes over time. In this study, we observed how HIV infection
and IPT influenced Mtb-specific T-cell responses in pregnant
and postpartum women.

T-cell responses are essential for Mtb control. Individuals with
genetic deficiencies in the interferon y (IFNy) signaling axis de-
velop disseminated mycobacterial infections, and individuals
with acquired CD4+ T-cell deficiency have elevated risk of devel-
oping TB [13, 17]. IFNy-independent T-cell responses also play a
role in Mtb control. Interleukin-2 (IL-2), tumor necrosis factor
(TNF), and IL-17-producing cells, CD4+ T cells that produce
multiple cytokines simultaneously, CD8+ T cells, and central
memory T cells all contribute to Mtb control [13, 18]. Our objec-
tive was to characterize the effect of pregnancy on Mtb-specific
T-cell responses in women with and without HIV, and among
WLHIV, the potential effect of IPT.

The Mother Infant Tuberculosis Infection incidence and
Prevalence Study (MITIPS) was a cohort study that evaluated lon-
gitudinal TB infection detection using IGRA (newer-generation
QFT-plus; Qiagen) and tuberculin skin test in pregnant WLHIV
and women without HIV (HIV- women) in western Kenya,
with follow-up to 1 year postpartum [7, 19]. Using samples
from this study, we evaluated Mtb-specific T-cell phenotypes to
assess the hypothesis that pregnancy, HIV, and IPT influence
T-cell responses qualitatively and quantitatively that may reduce
diagnostic accuracy of current testing approaches.

METHODS

Study Population

The protocol for this study was approved by the University of
Washington Human Subjects Review Committee and
Kenyatta National Hospital-University of Nairobi Ethics
Review Committee. MITIPS was an observational study that
enrolled pregnant WLHIV and HIV- women >16 years of
age between 20-34 weeks’ gestation at antenatal clinics in west-
ern Kenya. Details regarding the screening, enrollment, follow-
up, and clinical procedures for the parent cohort have been pre-
viously published [19]. Participants were excluded if diagnosed
with TB disease in the past year or found to have TB on enroll-
ment. IGRA testing and peripheral blood mononucular cell
(PBMC) collection was performed at enrollment during preg-
nancy, 6 weeks postpartum, and 12 months postpartum.
Enrollment and IGRA testing began January 2018; PBMC col-
lection on enrollment in pregnancy was initiated September
2018. A QFT-Plus TB 1 or TB 2 antigen response of
>0.35 IU/mL (minus nil, with nil <8 IU/mL and positive mito-
gen control) was considered positive, per manufacturer recom-
mendations [19]. Participants with HIV received IPT as part of
routine HIV care outside of the study regardless of IGRA test-
ing per Kenyan guidelines [20]. Those participants taking IPT

and antiretroviral therapy (ART), either before this study or on
study enrollment, continued these medications through the
study period. Adults without HIV were not routinely eligible
for IPT during the implementation of the parent study.

Our inclusion criteria were to include participants with persis-
tent positive IGRA results in pregnancy and postpartum, with en-
rollment pregnancy samples collected during the second or third
trimester of pregnancy, and available samples at both 6 weeks and
12 months postpartum. We excluded 1 participant who was diag-
nosed with active TB during postpartum follow up. We added 3
study groups. “Converters” were study participants with negative
IGRA test during enrollment in pregnancy and positive tests
either during the 6-week or 12-month postpartum visit.
“Reverters” were participants with a positive IGRA test result at
enrollment in pregnancy and negative postpartum. Last, we ran-
domly identified 5 persistent IGRA-negative participants as a
control to include in our analysis. Details of sample processing,
reagents used, and data collection are in the Supplementary
Methods.

Statistical Analysis

We used the R package COMPASS to analyze the cytokine re-
sponse of CD4+ and CD8+ T cells. COMPASS uses a Bayesian
hierarchical framework to model all observed cell subsets and
selects those most likely to have antigen-specific responses
[21, 22]. Using all collected flow cytometry data, COMPASS
determines the likelihood of an antigen-specific response
over background for any given cytokine-producing subset.
COMPASS provides a functional score (FS), which is the
proportion of antigen-specific subsets detected among all pos-
sible ones, creating a single number to capture the magnitude
and breadth of the T-cell response. Our primary outcome of
interest was the COMPASS FS from CD4+ and CD8+ T cells
of IGRA-positive women, comparing Mtb-specific antigens
ESAT-6 and CFP10-induced responses with negative control
responses. We compared COMPASS FS in converters and
reverters using Kruskal-Wallis tests followed by the Dunn com-
parison to assess any IFNy-independent T-cell responses in
these populations before IGRA conversion. Differences in me-
dian values were compared among timepoints of interest using
Kruskal-Wallis tests as the primary analysis, followed by Dunn
test to compare individual groups.

RESULTS

Baseline Cohort Characteristics

We studied a subset of HIV- women and WLHIV enrolled in
the MITIPS cohort (n=400 enrollees) that had peripheral
blood collected longitudinally at 3 different time points: the
second or third trimester (20-34 weeks’ gestation), 6 weeks
postpartum, and up to 12 months postpartum (n =34 HIV-
and n =23 WLHIV). These individuals had IGRA tests that
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Figure 1.  Study flowchart and baseline immune characteristics of study population. A, Flowchart demonstrating the sample selection process, for participants with persis-

tently positive IGRA (N = 33, meeting study criteria). And additional subset of participants with persistently negative IGRA (n = 5), IGRA converters (n = 10), and reverters (n = 9)

were evaluated. B, Baseline CD4+ and CD8+ T-cell proportion of persistently QFT-positive samples. n =21 during pregnancy (pregnancy), n = 25 during 6 weeks postpartum
(6wkPP), n = 28 during 12 months postpartum (12moPP). C-D, Baseline CD4+ and CD8+ frequencies in C, WLHIV receiving IPT during pregnancy and D, those who did not. N = 33.
Black circles—HIV— study participants; gold triangles—WLHIV participants. Bar represents median value. Black triangles—WLHIV who received IPT during concurrent preg-

nancy. Red triangles—no concurrent IPT. Abbreviations: IGRA, interferon-y release assay; IPT, isoniazid preventive therapy; WLHIV, women living with HIV.

were either consistently positive in pregnancy and postpartum
(n=33), consistently negative IGRA during pregnancy and
postpartum (n = 5), or converted from a negative IGRA to pos-
itive postpartum (n=10) or reversion (n=9) from positive
IGRA to a negative test postpartum (Figure 1A). Of these
women, the median age of participants at enrollment was
24 years (interquartile range 21-30); median gestational age

was 26 weeks (interquartile range 22-29). Among WLHIV, the
median CD4 count was 557 cells/mm? and all were on ART at en-
rollment in pregnancy. Twenty-eight WLHIV received IPT be-
fore enrollment and 8 (28.6%) were on IPT as part of routine
HIV care at their study enrollment in pregnancy. The baseline
characteristics of study participants stratified by their HIV
infection status, is shown in Table 1. CD4+and CD8+ T-cell
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Table 1. Study Participant Characteristics

Overall WLHIV HIV Negative RR* (95% Cl) P
Median (IQR) or Median (IQR) or Median (IQR) or
Characteristic n (%) n (%) n (%)
N =57 N=34 N =23

Age (y) 24 (21-30) 26.5 (22-32) 23 (21-25) 1.04 (1.01-1.08) .013
Gestational age 26 (22-29) 24 (21-29) 27 (23-30) 0.97 (.94-1.01) 167
WLHIV 34 (59.7)

CD4 count (cells/mm?3), N=14 557 (391-760) - -

Viral load undetectable,® N =31 26 (83.9) - -

HIV VL at enrollment (copies/mL) 0 (0-54)

ART initiation before pregnancy, N =34 22 (64.7) = =
TB history

History of TB 1(1.8) 1(2.9) 0 - 1.000°

History of IPT use, N=34 28 (82.4) - - -

IPT on enroliment, N =28 8(28.6) - - -
Samples N=171 N=102 N =69
Pregnancy stage

Pregnancy 57 (33.3) 34 (33.3) 23 (33.3)

2nd trimester (14 to <28 wk) 29 (50.9) 19 (65.9) 10 (43.5)

3rd trimester (>28 wk) 28 (49.1) 15 (44.1) 13 (56.5)

Postpregnancy 114 (66.7) 68 (66.7) 46 (66.7)

Abbreviations: ART, antiretroviral therapy; Cl, confidence interval; IGRA, interferon-gamma release assay; IPT, intermittent preventive therapy; IQR, interquartile range; RR, relative risk; TB,

tuberculosis; VL, viral load; WLHIV, women living with HIV.

?RR estimated using a generalized linear model with log link and Poisson family.
®Viral load undetectable <20 copies/mL.

CFisher exact test.

frequency was similar between HIV- women and WLHIV during
pregnancy and postpartum time points (Figure 1B, flow cytome-
try gating in Supplementary Figure 1) and was similar between
WLHIV receiving IPT (Figure 1C) and those who did not receive
IPT during the study period (Figure 1D).

Mtb-specific T-cell Responses Were Diminished in Pregnant WLHIV
Compared to Postpartum

Mtb-specific IFNy-producing CD4+ cells and IFNy-independent
T-cell responses are both important for Mtb control [23].
Therefore, we investigated CD4+ and CD8+ Mtb-specific T-cell
responses incorporating IFNy, IL-2, and TNF responses in preg-
nant women including WLHIV and those receiving concurrent
IPT. Among all participants with persistently positive IGRA,
overall Mtb-specific CD4+ T-cell FS were similar between preg-
nancy and postpartum (Figure 2A). Stratifying responses by study
participant HIV infection status, HIV-negative participants ex-
hibited consistent Mtb-specific T-cell responses across all time
points (Figure 2B). In contrast, WLHIV demonstrated signifi-
cantly diminished Mtb-specific CD4+ T-cell FS during pregnan-
cy compared to 12 months postpartum (Figure 2C; median FS
0.009 vs 0.12, P = .03, Kruskal-Wallis test). We noted fewer mul-
tifunctional and polyfunctional T-cell populations in WLHIV
during pregnancy (Supplementary Figure 2A) compared to either
postpartum time point (Supplementary Figure 2B-C). We found
no difference in Mtb- specific CD4+ T-cell cytokine production
in the group with persistently negative IGRA test during

pregnancy or postpartum (data not shown). We did not detect
any difference in CD4+ T-cell responses stimulated with the
nonspecific T-cell activator PMA/ionomycin (Supplementary
Figure 2D) at any time studied. In summary, among WLHIV
with persistently positive IGRA, Mtb-specific T-cell responses
are diminished during the second and third trimesters of preg-
nancy compared to postpartum.

Mtb-specific T-cell Responses Were Diminished in Pregnant WLHIV,
Especially Those Receiving IPT

World Health Organization guidelines recommend IPT for
individuals living with HIV residing in high TB burden coun-
tries, including during pregnancy [15]. We measured the im-
pact of IPT on Mtb-specific T-cell responses in pregnant
WLHIV. FS were diminished during pregnancy among
WLHIV taking IPT during the current pregnancy compared
to postpartum (Figure 2C; median FS 8.3x 107 during
pregnancy, 0.09, 6 weeks postpartum, and 0.13 12 months
postpartum, P = .02; Kruskal-Wallis test). We found no sig-
nificant difference in Mtb-specific T-cell responses during
pregnancy and postpartum periods in WLHIV who never
received IPT or finished IPT before the current study enroll-
ment (Figure 2D).

Mtb-specific CD8+ T-cell Responses Increased Postpartum in WLHIV
We evaluated Mtb-specific CD8+ T-cell responses given their
importance in Mtb control and to see if these responses were
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Figure 2. Mth-specific CD4+ T-cell responses are diminished in WLHIV during pregnancy, especially among those receiving IPT. A-C, Mtb-specific CD4+ T-cell functional scores
(FS) were measured by COMPASS: A, overall, in B, HIV— participants, and €, WLHIV. D, Mtb-specific CD4+ T-cell FS in WLHIV receiving IPT during the current pregnancy (black
triangle) and those who did not (gray triangles). Black circles and gold triangles indicate HIV-negative and HIV-positive participants, respectively. Bar indicated median values.
*P < .05, Kruskal-Wallis test, column to column comparisons are adapted from Dunn test. Abbreviations: IPT, isoniazid preventive therapy; WLHIV, women living with HIV.

differentially impacted from CD4+ T-cell responses [24, 25].
Mtb-specific CD8 T-cell FS were diminished overall during
pregnancy compared to late postpartum in participants with
persistently positive IGRA (Figure 3A, median FS 0.0001,
pregnancy and 6 weeks postpartum; 0.02, 12 months postpar-
tum; P <.0001). These results were similar in HIV- women
(Figure 3B), WLHIV (Figure 3C), and those receiving IPT
(Figure 3D). We did not detect any Mtb-specific IFNy+ or pol-
yfunctional CD8+ T-cell responses in this population during
pregnancy and 12 months postpartum (Supplementary
Figure 3A-D).

Nonspecific T-cell Activation was Increased Postpartum Among
HIV- Study Participants but Not WLHIV

Nonspecifically activated HLA-DR+CD38+CD4+ T cells are a
correlate of risk for progression from latent TB infection to ac-
tive TB disease. We found increased proportions of HLA-DR
+CD38+ CD4 T cells in the early postpartum period in HIV-
women (Figure 4A-C, P =.02; flow minus one control samples,
Supplementary Figure 4A) but not in WLHIV. Among

WLHIV, we found no differences based on IPT administration
at any time points (Figure 4D).

IGRA “Converters” Demonstrate Mth-specific T-cell Responses During
Pregnancy

Recent studies suggest that T-cell responses are dynamic after
Mtb exposure [26, 27]. A subset of study participants developed
positive IGRA tests during either early or late postpartum (“con-
verters”) after initial negative IGRA results at enrollment in preg-
nancy. We assessed whether these individuals demonstrated
preexisting IFNy-independent T-cell responses in pregnancy be-
fore IGRA conversion. Overall FS were lower in IGRA converters
than in those individuals with persistently positive IGRA, and FS
were similar before and after IGRA conversion in this population
(Figure 5A; FS). We noted dynamic shifts in the specific cytokines
detected over time. During pregnancy, we found increased IL-2+
CD4+ T-cell frequency with few IFNy-positive results
(Figure 5B). Postpartum, TNF+and IFNy+ cell frequencies in-
creased, with the highest responses measured 12 months after
pregnancy (Figure 5B). Among converters, we noted increased

Diminished Mycobacterium tuberculosis—specific T-cell « OFID « 5


http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofaf067#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofaf067#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofaf067#supplementary-data

A i B C Seskeokok
skedkeokok
19 ,i| 11 0.1+ I
014 o L4 L 0.1 . _"'_
® s & o .:L;. o 0.014
7 ! ¢ p gl . +
8 0.001- . 4 o] E H o 0.0014
8 ¢ R 8 0.001 . 8 . ‘
0.0001 —mm— --:-— L 0.0001- -sossge- ~chmame- 0.0001 o =—— T
0.00001 T T <2- 0.00001 T T 0.00001 T ; T
A R
r§0 \{j? OQ (\c?\ QQ QQ (\g\ QQ QQ
§¥ & o c§rz> 6‘\\- < & G‘gt- <
Q\Q’ N Q\Qv l\r]/ Q‘@ \rlf
D *ok ok
1  —
sk %k
0.1 N 0.1 L
atd
A
0014 & 0.01-
2 A 2
&  0.0014 & 0.001-
8 : 3
0.0001- & wwee 0.0001 st s ssfis
0.00001 - T T 0.00001 T T
S & &K S & &K
& & ©® (§:z> ngt- <&®
Q.-\'Z'.'Cb ) »\r]/ Q\G r\r]/

Figure 3. Mtb-specific CD8+ T-cell responses increase postpartum in women with and without HIV. A-B, Mtb-specific CD8+ T-cell functional scores (FS) were measured by
COMPASS in A, overall, B, HIV—participants, and C, WLHIV. D, Mtb-specific CD8+ T-cell FS in those receiving IPT during the current pregnancy (black triangles) and those who
did not (gray triangles). Black circles and gold triangles indicate HIV-negative and HIV-positive participants respectively. Bar indicated median values.
*P < .05, Kruskal-Wallis test, column to column comparisons are adapted from Dunn test. Abbreviation: Mth, Mycobacterium tuberculosis.

frequencies of nonspecifically activated HLA-DR+CD38+ CD4+
T cells during pregnancy compared with 6 weeks and 12 months
postpartum (Figure 5C).

Dynamic T-cell cytokine responses may be accompanied by
alterations in cell surface markers of memory T-cell homing, there-
fore we evaluated CD45RA and CCR7 expression to further distin-
guish distinct T-cell memory phenotypes [28]. We found increased
proportions of Mitb-specific central memory CD4 T cells
(CD45RA-CCR7+) and fewer naive CD4+ T cells (CD45RA +
CCR7+) during pregnancy in converters (Figure 5D; P=.01 and
.03, respectively) compared to postpartum. We did not observe
any variation in CD45RA-CCR7- T effector memory populations.
We measured expression of central memory, effector memory, and
naive cells based on CCR7 and CD45RA expression in persistently
IGRA-positive study participants, but no significant differences
were noted in this population (data not shown). Overall, these
data find that some individuals that convert their IGRA tests post-
partum demonstrate evidence of prior Mtb exposure with a nega-
tive IGRA test.

Mtb-specific IL-2+ CD4+ T-cell Responses Persist in “Reverters”
We also observed the characteristics of the T-cell response in
participants that lost IGRA positivity after pregnancy

(“reverters”). As with converters, we found no changes in the
ES score during or after pregnancy (Figure 6A). We found
the proportion of IL-2+CD4+ T cells was stable during preg-
nancy and postpartum, whereas the proportion of TNF+ and
IFNy+ CD4+ T cells decreased postpartum (Figure 6B,
P =.03 and 0.02, respectively). Evaluation of COMPASS heat-
maps revealed low-frequency positivity that persisted after
pregnancy in a subset of participants
Figure 5A-C). We did not detect changes in the frequencies
of nonspecifically activated HLA-DR+CD38+ CD4+ T cells
during pregnancy compared with 6 weeks and 12 months post-

(Supplementary

partum (Figure 6C), nor did we detect significant differences in
the proportion of memory T-cell populations in pregnancy
compared to postpartum time points (Figure 6D). Therefore,
we were able to detect modest Mtb-specific T-cell responses
in the reverter population.

DISCUSSION

Mtb-specific T-cell responses were diminished in pregnant
WHIV, especially in those receiving IPT. CD4+ T-cell responses
rebounded postpartum in WLHIV, whereas CD8+ responses in-
creased in both HIV- and WLHIV groups postpartum. In
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Figure 4. Nonspecifically activated CD4+ T cells increase in the early postpartum period in HIV—women. A-D, The proportion of nonspecifically activated (HLA-DR+CD38+)
CD4+ T cells stratified by pregnancy and postpartum period: A, overall (n = 28), B, HIV-negative individuals (black circles) and C, in WLHIV (gold triangles). D, WLHIV who
received IPT during current pregnancy (black triangles) or whose who did not (gray triangles). Bar indicates median values. *P < .05, Kruskal-Wallis test, column to column
comparisons are adapted from Dunn test. Abbreviations: IPT, isoniazid preventive therapy; WLHIV, women living with HIV; Mtb, Mycobacterium tuberculosis.

preliminary studies, we found that IGRA testing may not fully
capture Mtb exposure in a population of pregnant women.

Pregnant WLHIV had diminished Mtb-specific CD4+ T-cell
responses that rebounded in the postpartum period, alongside
Mtb-specific CD8+ T-cell responses in both HIV- participants
and WLHIV. We noted decreased CD4+ FS in WLHIV receiv-
ing IPT during pregnancy compared to postpartum. In a subset
of participants with negative IGRA during pregnancy, we dem-
onstrated direct evidence of IFNy-independent Mtb-specific
T-cell responses and characteristic shifts in memory T-cell sur-
face markers, suggesting diminished IGRA responses during
pregnancy despite evidence of prior sensitization. Last, we not-
ed an increase in nonspecific T-cell activation associated with
TB progression in other populations was increased postpartum
among HIV- study participants but not WLHIV.

WLHIV demonstrated diminished Mtb-specific T-cell re-
sponses during pregnancy. These results were consistent with
a recent study of the same population, measuring quantitative
IGRA results [19] in addition to studies of qualitative IGRA
positivity [10, 29]. However, in a recent study of Ethiopian
women, increased Mtb-specific immune responses were noted

during pregnancy compared with postpartum [12]. Several
differences may potentially lead to these differences and may
shed insight into Mtb pathogenesis in pregnant women. First,
the timing of blood collection during pregnancy is critical.
We observed the strongest differences in immune responses
during the late third trimester. Second, immune modulation
is cytokine-specific. We found the largest differences in
Mtb-specific IFNy responses and overall via COMPASS.
Sample collection and storage may play a role in response; sam-
ples from whole-blood supernatants and PBMC may induce
distinct cytokine responses. The HIV status of participants in-
fluences the magnitude of pregnancy-induced immune modu-
lation and not all studies included both women with and
without HIV [12]. Median immune responses were diminished
in WHIV both compared to HIV- women and compared to lat-
er postpartum in multiple prior studies [7, 19]. Overall, study
timing, measurements, and comorbidities may play a key role
in the immune modulation observed in pregnant women and
may explain differences in study observations.

In addition to diminished CD4+ T-cell responses, we found
alterations in CD8+ T-cell responses and nonspecific T-cell
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Mtb-specific T-cell responses were detectable in pregnant women who converted their interferon gamma release assay (IGRA) tests postpartum. A, Mtb-specific

CD4+ T-cell FS in WLHIV and HIV— study participants with negative IGRA in pregnancy with later conversion, n=10. B, Proportion of single cytokine response during
pregnancy and postpartum. C, Proportion of HLA-DR+CD-38+ CD4+ T cells during pregnancy and postpartum period. O, Qverall proportion of any cytokines producing
effector memory (CD45RA-CCR-), central memory (CD45RA-CCR7+), and naive (CD45RA + CCR7+) CD4+ T-cell phenotype by pregnancy status. Black circles and gold triangles
indicate HIV-negative and HIV-positive participants respectively, bar represents median value. The Dunn test was used to do column-to-column comparison. Abbreviations:

FS, functional score; WLHIV, women living with HIV.

activation that support this observation. Mtb-specific CD8+
T-cell responses are important for control and recognize mac-
rophages containing replicating Mtb [23, 24, 30]. We observed
expanded Mtb-specific CD8+ T cells postpartum. As this oc-
curs after diminished CD4+ responses, our observations sup-
port the hypothesis that CD8+cells expand to control
expanding Mtb populations from pregnancy. Similarly, we
confirmed our prior finding of increased nonspecific T-cell ac-
tivity early postpartum in HIV- study participants. Increased
nonspecific T-cell activation is a marker for Mtb progression,
so increases in this population may represent some degree of
loss of Mtb control [31]. Future studies will investigate more
fully the cellular populations and interactions required for
host defense during pregnancy and postpartum.

How HIV influences Mtb-specific immune responses in preg-
nant women, even in women without overt evidence of immune
suppression, remains unclear. HIV may remain active in reser-
voir areas of the body that contribute to T-cell activation but
are absent in the peripheral blood [32]. Chronic immune activa-
tion associated with ongoing HIV infection may influence func-
tional T-cell responses to antigen, and this response may interact

with immune changes from pregnancy to further reduce T-cell
responses [28]. Prior immune scarring resulting from clonal
T-cell destruction may influence future immune responses
[33]. Nonetheless, the magnitude of Mtb-specific T cell responses
during pregnancy are diminished, suggesting decreased sensitiv-
ity of IGRA testing in pregnant women, especially WLHIV.

IPT was associated with diminished Mtb-specific T-cell
responses among pregnant WLHIV. Why this occurs is uncer-
tain, but mycobacteria-specific CD4+ T-cell immune responses
are enhanced by the ongoing presence of live mycobacteria
[34]. IPT may kill remaining live mycobacteria and diminish
T-cell responses to mycobacteria. IPT treatment reduced tran-
scriptional profiles associated with subclinical TB in a Kenyan
cohort and IFNy production in Mtb-stimulated peripheral
blood drawn from household contacts of individuals with con-
firmed pulmonary TB [26, 27]. These responses rebounded
postpartum, which may be due to changes from pregnancy
on T cell directly or by the cessation of IPT and subsequent ex-
posure to Mtb within the community or household.

We found preexisting Mtb-specific CD4+ T-cell memory re-
sponses that were independent of IFNy in IGRA-negative
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Figure 6. Mtb-specific immune responses diminish selectively in individuals that revert from IGRA positive to negative postpartum. A, Mtb-specific CD4+ T-cell FS in WLHIV
and HIV— study participants with positive IGRA in pregnancy with later reversion, n=9. B, Proportion of IL-2+, TNF+, and IFNy+ CD4+ T cells during pregnancy and post-
partum. C, Proportion of HLA-DR+CD38+ CD4+ T cells during pregnancy and postpartum period. D, Overall proportion of any cytokines producing effector memory
(CD45RA-CCR-), central memory (CD45RA-CCR7+), and naive (CD45RA+CCR7+) CD4+ T-cell phenotype by pregnancy status. Black circles indicate HIV— participants; gold
triangles indicate WLHIV. Bar represents median value. Statistical significance measured by Dunn test. Abbreviations: FS, functional score; IGRA, interferon-gamma release
assay; IFN, interferon; IL, interleukin; Mtb, Mycobacterium tuberculosis; TNF, tumor necrosis factor; WLHIV, women living with HIV.

pregnant women that converted their IGRA-positive postpartum.
These data provide further evidence that pregnancy and other
factors alter the functional T-cell response. Individual responses
to IGRA tests vary over time, including in pregnant women
[35]. Our data provide further evidence that Mtb-specific re-
sponses in pregnant women may be directly related to alterations
in the immune response. Prior studies indicate that T-cell mem-
ory responses in pregnant women may increase postpartum but
were hampered by the possibility that Mtb exposure could have
occurred in the postpartum period as well.

Reversion of tuberculin skin tests is associated with reduced
risk for TB disease [35]. It is unclear whether these individuals
are at lower risk for developing TB. In prior studies, individuals
that revert their IGRA tests develop immune response charac-
teristics consistent with controlled Mtb infection [35]. In our
study, reverters mimicked these findings, including ongoing
active T-cell responses with decreased IFNy production and
maintenance of Mtb-specific T-cell memory without changes
in nonspecific T-cell activation. These data suggest that loss
of IFNy responses in pregnancy do not mean the loss of
T-cell memory responses overall.

Our study has several strengths. The MITIPS study longitu-
dinally monitored pregnant women with and without HIV
postpartum for 24 months, permitting us to observe the resto-
ration of basal homeostasis of the immune response after birth
and tissue repair associated with delivery. We leveraged the fact
that WLHIV enrolled in this study were receiving ART with
some receiving IPT during pregnancy, making their treatment
relevant for contemporary populations in sub-Saharan Africa.
We were able to correlate findings made via flow cytometry
with concurrent IGRA testing, providing clinical laboratory
correlation of our research findings. We used COMPASS, a
statistical tool for merging multiple distinct cytokine responses
into an overall number, which provided a sensitive measure to
evaluate overall responses and increasing the power of the
study to detect differences in adaptive immune responses.

This study also has several limitations. We did not detect di-
minished responses in HIV- pregnant women in our current
study as we had in prior work [6]. However, the timing of sam-
ple collection during pregnancy was different between these
studies, with blood collection in this study occurring at
34 weeks’ gestation at the latest, whereas our prior evaluation
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evaluated participants with blood collected up to 40 weeks’
gestation, when immune changes in pregnancy may be most
pronounced [6, 10]. Additionally, although we observed associ-
ations between IPT and diminished Mtb-specific T-cell
responses, sample sizes were small. These issues require larger
studies to make firm conclusions about their role in Mtb im-
mune responses. We could not fully control for the potential
confounding effect of HIV severity among participants, partly
because of variation in the timing of ART initiation.
However, we did not note differences in basal proportion of
CD4 and CD8+ T-cell populations between groups. We did
not, however, note differences in basal proportion of CD4
and CD8+ T-cell populations between groups in this study.
Women may have been exposed to Mtb postpartum or during
pregnancy and may have developed subclinical disease that was
not manifested during the study period. However, they were
monitored for 24 months after study enrollment, and only 1
woman developed active TB, suggesting this was a rare out-
come. The numbers of study participants who converted their
IGRA postpartum or reverted to a negative IGRA were too
small to draw conclusions on their own. However, these data
provide additional evidence that IGRA testing may not fully
identify individuals exposed to Mtb.

Overall, we detected diminished Mtb-specific T-cell respons-
es in pregnant WHIV that increased postpartum and was exac-
erbated in WLHIV taking IPT. Women with negative IGRA
tests during pregnancy but converted postpartum demonstrat-
ed evidence of preexisting IFNy-independent T-cell responses
suggesting that tests reliant of IFNy to detect Mtb infection
could be lower during pregnancy. These findings suggest fur-
ther that immune testing for Mtb exposure during pregnancy
has diminished effectiveness and provides evidence for ongoing
TB preventive efforts during pregnancy.
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