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Introduction: Pregnancy triggers an alteration of the immune functions and increases the
risk of developing the active tuberculosis (TB) symptoms in exposed women. The effect of
pregnancy on theMycobacterium tuberculosis-specific immune responses used for most
of the TB immunodiagnostic assays is not well documented. Here we investigated the
changes in the M. tuberculosis-specific IFN-g production in age-matched pregnant and
non-pregnant women according to their TB exposition status.

Methods: We conducted a prospective cohort study on HIV-seronegative pregnant and
non-pregnant women with compatible pulmonary TB symptoms addressed to TB
healthcare facilities in Antananarivo, Madagascar. Active pulmonary TB was
bacteriologically assessed with culture from sputum samples. Clinical data and blood
samples were collected at inclusion and after 6 months of follow-up for each individual
included. Whole blood samples were stimulated with QuantiFERON TB-Gold Plus (QFT-P)
assay antigens. Plasma IFN-g concentrations were then assessed by ELISA.

Results: A total of 284 women were investigated for the study including 209 pregnant
women without confirmed TB (pNTB), 24 pregnant women with bacteriologically
confirmed active TB (pATB), 16 non-pregnant women with active TB (ATB), and 35
non-pregnant healthy donors (HC). At inclusion, IFN-g responses are lower in the pregnant
women compared to their age-matched non-pregnant counterparts and independently of
their TB status. Among the pregnant women, higher concentrations of M. tuberculosis-
specific IFN-g were observed in those exposed to TB, but with a lower magnitude in the
active TB compared to the latently infected pregnant women (p < 0.05 with TB1 and p <
0.01 with TB2). After 6 months of follow-up, the M. tuberculosis-specific IFN-g responses
return to their baseline concentrations except for the pregnant women treated for TB for
which none of the QFT-P positive reversed to negative (0%, 0/10) at the end of their
TB treatment.
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Conclusion: These results support the concept of specific immune priorities
characterized by a concomitant reduction in inflammatory immunity during pregnancy
and corroborate the important role of activating the M. tuberculosis-specific immune
responses to control the infection when the pregnant women are exposed to the
pathogen.
Keywords: tuberculosis, interferon-gamma release assays (IGRA), pregnancy, human whole blood, QuantiFERON-
TB Gold Plus®
INTRODUCTION

Tuberculosis (TB) remains a public health threat worldwide with
an estimated 10 million notified cases and 1.4 million deaths
every year (1). TB is an important cause of maternal mortality
and morbidity globally, and the number of TB cases in women of
reproductive age (15–49 years) is increasing (1). Particularly, TB
in pregnancy was found to be associated with increased risks of
pregnancy complications, prematurity, neonatal morbidity, low
birth weight, and perinatal deaths (2, 3).

The physiological changes during pregnancy result in distinct
immune responses that lead to an immunological tolerance
toward the fetus characterized by downregulations of both the
cell-mediated immunity and the production of Th1 cytokines
and an upregulation of both the humoral immunity and the Th2
cytokine productions (4, 5). While this maternal immune
tolerance protects the fetus from rejection and promote a
healthy pregnancy outcome, it may increase the vulnerability
against pathogens like TB as the cell-mediated immunity and the
Th1 response play key roles in containing the M. tuberculosis
infection (6, 7).

Interferon-gamma release assays (IGRAs) are immunoassays
based on the measure of the production of IFN-g produced after
T cell ex vivo stimulation byM. tuberculosis-specific antigens also
used to assess for a previous exposure or infection to M.
tuberculosis. Recent studies on the IFN-g response changes in
M. tuberculosis latently infected pregnant women (pLTBI+)
using IGRAs suggested a slight increase of the Th1 pro-
inflammatory response to a concentration sufficient to contain
the latent infection in these pregnant women (7–9 and 10).
However, few data are available on this IFN-g immune response
status in pregnant women with active TB disease.

In the present study, we investigated the M. tuberculosis-
specific immune response in pregnant women with active TB
disease. Moreover, we assess the IFN-g response changes
postpartum and/or following a successful TB treatment and
compare them to those from non-pregnant women with or
without active TB disease.
METHODS

Study Design and Setting
Study participants were included from two studies: a cross-sectional
prospective cohort study for non-pregnant women and one cohort
survey for pregnant women conducted between April 2018 to
org 2
August 2019 in primary healthcare facilities in the capital city of
Antananarivo, Madagascar [as previously described in 11 and
Chedid et al., 2012 (12)]. Pregnant women with TB-compatible
symptoms defined as one or a combination of cough more than 2
weeks, hemoptysis, dyspnea, chest pain, weight loss, night sweats,
loss of appetite, fever, and deterioration of general condition were
invited to participate. Non-pregnant women with presumptive TB
symptoms were also recruited if diagnosed with bacteriologically
confirmed pulmonary TB (ATB) (see Mycobacteriology section for
further detail).

To investigate the baseline responses forM. tuberculosis non-
exposed individuals, age-matched community control non-
pregnant women without symptoms or signs of TB and no
known recent or sustained contact with TB cases (HC) were
recruited at the post-exposure rabies center of Institute Pasteur
de Madagascar (Antananarivo, Madagascar).

Patients with HIV (human immunodeficiency virus) or
diabetes mellitus and participants under 15 years were
excluded from the study. In downstream analyses, patients
under immunocompromising treatment (corticosteroids,
calcineurin inhibitors, biologics, or other chemotherapeutic
agents) were excluded from the analyses.

Data Collection and Laboratory
Procedures
Sociodemographic characteristics, TB history, pregnancy-related
factors (i.e., gestational age, parity), Bacillus Calmette–Guérin
(BCG) vaccinal status, comorbidities (HIV, hepatitis), and data
on TB-presumptive clinical symptoms were collected using
standardized questionnaires by trained nurses.

Mycobacteriology
Confirmed TB cases were defined as smear microscopy positive
for AFB (Ziehl–Neelsen and/or Auramine staining) and
Lowenstein–Jensen solid medium culture positive for M.
tuberculosis from sputum samples.

Interferon-Gamma Assay
A 5-ml venous blood sample was drawn in a blood-collecting
tube containing lithium heparin for each participant. The blood
samples were transported to the laboratory within 4 h after blood
sampling at the controlled temperature (22 ± 5°C), and a 1-ml
sample was dispensed into each assay tube, followed by mixing
by inversion, and incubated at 37°C for 16–20 h within 16 h after
collection. After incubation, the tubes were centrifuged, and
aliquots of the supernatants were stored at -20°C.
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IFN-g secretion was quantified using the QFT-P ELISA Kit
(Qiagen) according to the manufacturer’s instructions (13).
Briefly, plasma samples were thawed at room temperature, and
50 µl of plasma was tested. Optical density results were compared
to log-normalized values from freshly reconstituted IFN-g kit
standards. To account for potential immunomodulation
phenomena, baseline IFN-g concentration values (NIL tubes)
were subtracted from antigen-stimulated IFN-g values (MIT,
TB1, TB2). The NIL tube contained no antigens and was used as
a negative control. The TB1 and TB2 QFT-P tubes are coated
with commercialM. tuberculosis-specific antigenic peptide pools.
TB1 tubes contain two mycobacterial peptides, ESAT-6 (>15 aa)
and CFP-10, which elicit specific immune responses from CD4+
T lymphocytes (13). TB2 tubes contain an additional commercial
peptide pool designed to induce CD8+ T lymphocyte
stimulation. MIT tubes are coated with commercial
phytohemagglutinin-like bacterial antigens and were used as a
positive control (13).

According to the kit’s sensitivity range, the maximum for the
IFN-g concentration value was set at 10 IU/ml and negative
values were rescaled to 0; the cutoff value for a positive test was
0.35 IU/ml.

Follow-Up Visits
Each participant except the HC group was followed up at
inclusion (D0) and at 6 months (M6) where QFT-P tests were
performed. Confirmed TB patients were put on Directly
Observed Treatment (DOT) and received treatment according
to standard WHO protocols (14). Briefly, for the TB-confirmed
participants, the treatment consisted of 2 months of daily
rifampicin, isoniazid, pyrazinamide, and ethambutol, followed
by 4 months of daily rifampicin and isoniazid. The successful TB
treatment course is assessed based on the resolution of clinical
symptoms and sputum conversion to negativity (microscopy and
culture) according to the Malagasy national and WHO
guidelines. For the pregnant women, all maternal and fetal
outcomes were collected including delivery.

Statistical Analysis
All data generated from the study were recorded in a REDCap®

software database. GraphPad Prism version 8.0 was used for
statistical analyses. The c2 and Fisher exact tests were performed
to compare categorical variables between groups, as appropriate.
The Mann–Whitney test was used to analyze the magnitude
differences of IFN-g responses between groups. Pairwise
comparisons of M. tuberculosis-triggered IFN-g concentrations
were performed between DO and M6 separately for the
two antigens (TB1 and TB2) using the Wilcoxon matched-
pair signed-rank test. A p-value <0.05 was considered
statistically significant.

Ethical Considerations
All information about the study was explained in local language;
written informed consent and completed questionnaires were
obtained from all included participants. The methods were
Frontiers in Immunology | www.frontiersin.org 3
carried out in accordance with the approved guidelines. The 2
studies were approved by the Ethical Committee for Biomedical
Research in Madagascar (reference number: 099 MSANP/
CERBM 2018 and 103MSANP/CERBM 2017).
RESULTS

Study Participant Characteristics
A total of 284 women were included in the study including 209
pregnant women without bacteriologically confirmed TB
(pNTB), 24 pregnant women with active TB (pATB), and 16
non-pregnant women with active TB (ATB) (Table 1).
Moreover, thirty-five (35) non-pregnant healthy women
donors (HD) were also recruited as controls. There was no
significant difference in the age between pregnant and non-
pregnant groups. Among pregnant women (pNTB and pATB),
91% of the studied population had been vaccinated with BCG at
childhood without significant difference between pregnant and
non-pregnant women (Table 1).

The clinical symptoms for each participant in pregnant
women (pNTB and pATB) and ATB groups are described in
Table 2. Cough was reported for all included pregnant women
and the ATB group at inclusion (100%). One participant had
HIV infection, and another had hepatitis. Both were excluded
from analyses.

Concentrations of IFN-g Production Upon
M. tuberculosis Antigen Stimulation by
Pregnancy Status
In order to study the impact of pregnancy on the IFN-g
production upon M. tuberculosis antigen stimulation, the
plasma IFN-g concentrations in response to TB1 and TB2 were
measured with the QFT-P assay in pregnant and non-pregnant
women within the active clinical TB subgroup: pATB vs. ATB;
the non-confirmed-TB pregnant women with positive QFT-P
(pLTBI+) vs. the healthy non-pregnant women with positive
QFT-P (LTBI+); and the non confirmed-TB pregnant women
with negative QFT-P (pLTBI-) vs. healthy non-pregnant women
with negative QFT-P (LTBI-) (Figure 1).

A globally lower median concentration of IFN-g in response
to TB1 or TB2 was observed in the pregnant women of the
different clinical subgroups compared to their non-pregnant
counterparts. This lower IFN-g concentration is particularly
significant (p < 0.0001) in pLTBI- compared to LTBI- with a
mean IFN-g concentration of 0.04 vs. 0.34 IU/ml with TB1 and
0.05 vs. 0.34 IU/ml, with TB2). Among the women with positive
QFT-P, this difference was significant after stimulations with
TB1 (respectively with a mean IFN-g of 2.04 vs. 4.05 IU/ml, p <
0.05 for pLTBI+ vs. LTBI+), while it was non-significant after
stimulations with TB2, despite a lower IFN-g concentration in
the pregnant women after stimulation of both antigens
(Figures 1A, B).

No statistically significant differences were observed when
comparing the IFN-g concentrations in the active TB group
December 2021 | Volume 12 | Article 805157
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TABLE 2 | Description of presumptive TB clinical symptoms of the study participants.

Clinical symptoms pNTB n = 204 pATB n = 23 ATB n = 15 p value

Cough 204 (100.0) 23 (100.0) 15 (100.0) 1.00
Fever 62 (30.4) 9 (39.1) 10 (66.7) 0.01
Hemoptysis 24 (11.8) 8 (34.8) 3 (20.0) 0.009
Weight loss 95 (46.6) 19 (82.6) 15 (100.0) <0.001
Loss of appetite 83 (40.7) 16 (69.6) - 0.01
Night swear 69 (33.8) 14 (60.9) 13 (86.7) 0.0002
Dyspnea 96 (47.1) 14 (60.9) - 0.70
Chest pain 73 (35.8) 9 (39.1) 11 (73.3) 0.01
Other symptoms/comorbidities 24 (11.8) 1 (4.3) 3 (20.0) 0.32
Frontiers in Immunology | www.frontiersin.org
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pNTB, non-confirmed TB pregnant women; pATB, active TB-confirmed pregnant women; ATB, active TB-confirmed non pregnant women.
TABLE 1 | Baseline characteristics of the study participants.

Characteristics pNTB n = 202 pATB n = 24 ATB n = 16 p value

Age (mean SD) 26.2 (5.4) 25.7 (5.3) 28.8 (12.1) >0.05
Gravidity
1 70 (34.7) 11 (45.8) – 0.55
2 39 (19.3) 4 (16.7) –

≥3 93 (46.0) 9 (37.5) –

Marital status
Married 77 (38.1) 8 (34.8) - 0.86
Free union 120 (59.4) 15 (65.2) -
Single 4 (2.0) 0 (0.0) -
Divorced/widowed 1 (0.5) 0 (0.0) -

Educational level
No 9 (4.5) 0 (0.0) 0 (0.0) 0.80
Primary 56 (27.7) 5 (21.7) 6 (37.5)
Secondary 112 (55.4) 15 (65.2) 8 (50.0)
University 25 (12.4) 3 (13.0) 2 (12.5)

Occupational status n/a
Unemployed 79 (39.1) 11 (47.8) 6 (37.5) <0.0001
Manual work 120 (59.4) 11 (47.8) 7 (43.8)
Work in an office 0 (0.0) 1 (4.3) 0(0.0)
Student 3 (1.5) 0(0.0) 3 (18.8)

TB contact history
Yes 37 (18.3) 12 (50.0) 9 (56.1) <0.0001
No 163 (80.7) 11 (45.8) 2 (12.5)
Unknown 2 (1.0) 1 (4.2) 5 (31.3)

TB treatment history
Yes 12 (5.9) 3 (12.5) 3 (18.7) 0.10
No 190 (94.1) 21 (87.5) 13 (81.3)

BCG vaccination
Yes 185 (91.5) 21 (91.4) 14 (87.4) 0.97
No 7 (3.5) 1 (4.3) 1 (6.3)
Unknown 10 (5.0) 1 (4.3) 1 (6.3)

Smoking status
Yes 2 (1.0) 0(0.0) 4 (25.0) <0.0001
No 200 (99.0) 24 (100.0) 12 (75.0)

Alcohol usage
Yes 32 (15.8) 4 (16.7) 1 (6.3) 0.57
No 170 (84.2) 20 (83.3) 15 (93.7)

HIV infection
Yes 1 (0.5) 0(0.0) 0(0.0) 0.29
No 167 (82.7) 17 (73.9) 16 (100.0)
Unknown 34 (16.8) 6 (26.1) 0(0.0)

Hepatitis
Yes 0(0.0) 1 (4.3) 0(0.0) 0.008
No 202 (100.0) 22 (95.7) 16 (100.0)
TB, tuberculosis; pNTB, non-confirmed TB pregnant women; pATB, active TB-confirmed pregnant women; ATB, active TB-confirmed non pregnant women; BCG, Bacille de Calmette–
Guerin; HIV, human immunodeficiency virus.
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(pATB vs. ATB), despite lower concentrations of IFN-g in the
pregnant women in response to both TB1 and TB2 (Figure 1).

Finally, among the pregnant women, low IFN-g magnitudes
were observed in the pATB group compared to the pLTBI+
group (p < 0.05 with TB1 and p < 0.01 with TB2) (Figure 1).
Frontiers in Immunology | www.frontiersin.org 5
Comparison of M. tuberculosis
Antigen Triggered IFN-g Concentrations
After 6 Months Follow-Up (TB Treatment
and Postpartum)
All the participants confirmed of active TB successfully
completed their TB treatment course, based on resolution of
clinical symptoms and sputum conversion to negativity. There
was no occurrence of relapse or recurrence recorded. One
hundred and twenty-three (123) pregnant women (105 pNTB
and 18 pATB) and 15 ATB had a 6-month follow-up visit
(M6) (Figure 2).

At M6, although not statistically significant, increased
concentrations of IFN-g were observed in the pLTBI- group
after TB1 or TB2 stimulations compared to the concentrations
measured at the inclusion (D0) (Figures 2C, D).

Among the pLTBI+, a decrease in IFN-g concentrations in the
pregnant women at M6 after stimulation with both antigens was
observed compared to the concentrations measured at D0 and
this difference was statistically significant with TB2 antigen
stimulation (p < 0.05) (Figure 2F). No statistical differences in
IFN-g response magnitude were observed between measures at
D0 and M6 for the pATB and ATB groups (Figures 2A, B,
G, H).

QFT-Plus Assay Qualitative Evolution
After assigning the manufacturer threshold for qualitative
positivity, a QFT-P positivity of 58.3% was observed in pATB,
34.4% in pNTB, 62.5% in ATB, and 45.7% in HC (Table 3).

Table 4 shows the QFT-P assay result regarding the
characteristics of pregnant women groups. In univariate
analysis, it was observed that older age (p < 0.05), previous TB
treatment, and previous TB contact histories (p < 0.01) were
associated with positive QFT-P response. No association on
QFT-P result was observed regarding pregnancy-related factors
(gestational age, parity, and gravidity) and pregnancy outcomes
(preterm vs. full-term birth; caesarian vs. normal vaginal birth)
(data not shown).

Figure 3 shows the conversion/reversion rates of QFT-P
assay at M6. The conversion rates were respectively 20.3% (13/
64), 25% (2/8), and 60% (3/5) for the pNTB, pATB, and ATB
groups, respectively. The pNTB and ATB groups had reversion
rates of respectively 31.7% (13/41) and 40% (4/10), respectively.
Interestingly, all the 10 pregnant women in the pATB group who
had a positive QFT-P test at inclusion remained with positive
QFT-P at M6 giving a reversion rate of 0% (0/10) with similar
concentrations of IFN-g production magnitude at D0 and at the
end of their TB treatment (Figure 3).
DISCUSSION

This study was performed to analyze the impacts of the immune
system changes during the pregnancy that might contribute to
the increased risk of morbidity and mortality associated with M.
tuberculosis exposure. We observed a decreased IFN-g
production from whole blood T cell ex vivo stimulation with
A

B

FIGURE 1 | Comparison of IFN-g production response by QuantiFERON-TB
Gold-Plus Assay with stimulation with TB1 (A) and TB2 (B) antigens between
pregnant women (pATB, pLTBI-, and pLTBI+) and their non-pregnant
counterparts (ATB, LTBI-, and LTBI+). Symbols indicate individual IFN-g
values for pregnant participants (black circles) and non-pregnant (black
triangles). The solid lines indicate median and 95% CI. The Mann–Whitney
U-test (two-tailed) comparison were calculated and shown as *p < 0.05,
**p < 0.01, and ****p < 0.0001. pATB, TB-confirmed pregnant women; ATB,
TB-confirmed non-pregnant women; pLTBI-, pregnant women with QFT-P
negative response; pLTBI+, pregnant women with QFT-P positive response;
LTBI-, healthy non-pregnant control with QFT-P negative response; LTBI+,
healthy non-pregnant control with QFT-P positive response.
December 2021 | Volume 12 | Article 805157
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A B

D

E F

G H

C

FIGURE 2 | Comparison of IFN-g production response by QuantiFERON-TB Gold-Plus Assay within pregnant and non-pregnant women subgroups pATB (A, B),
pLTBI- (C, D), pLTBI+ (E, F), and ATB (G, H) between inclusion (D0) and the 6-month follow-up visit (M6). Symbols indicate individual IFN-g values. Boxes indicate
median values. Wilcoxon paired test comparisons were calculated and shown as *p < 0.05. DO, inclusion; M6, six months follow up visit; pATB, TB-confirmed pregnant
women; ATB, TB-confirmed non-pregnant women; pLTBI-, pregnant women with QFT-P negative response; pLTBI+, pregnant women with QFT P positive response.
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M. tuberculosis-specific antigens in pregnant women
independently to their clinical TB groups when compared to
their non-pregnant women counterpart with similar
childbearing ages. This alteration of the Th1 response in
pregnant women is involved in physiological processes known
to preserve the fetus (4). Here the present study showed that the
concentrations of IFN-g produced are lower in pregnant women
exposed to M. tuberculosis (latent infection and active TB)
compared to those non-pregnant with active TB (ATB) and
healthy controls (HC) baseline concentrations. Moreover, in the
non-pregnant asymptomatic women with negative QFT-P
responses (LTBI-), this IFN-g production is higher than in
pregnant women having TB symptoms.

After being exposed to M. tuberculosis, the host immune
system establishes the innate immune response followed by a
strong implication of the cell-mediated response including the
production of IFN-g that can activate further cellular responses but
can also trigger an intracellular antibacterial role (15). It has been
reported that pregnancy impaired the immune response against
TB by suppressing the Th1 pro-inflammatory response (16).
Hormones associated with pregnancy such as progesterone were
suggested to cause the placenta to produce cytokines such as IL-10
that suppress the production of Th1 cytokines, including IFN-g
(17, 18). Such changes lead then to an altered immune system
status and could impair the capacity to produce TB-specific IFN-g
(19). While our study seems to confirm this global decline in the
IFN-g responses observed from other longitudinal studies in
Frontiers in Immunology | www.frontiersin.org 7
pregnant women (7, 20), the additional parallel comparison of
the IFN-g response with that of control non-pregnant women of
similar age in our study showed that this IFN-g response is
strongly requested following an exposition to M. tuberculosis in
pregnant women. Similar immune responses with a strong IFN-g
production were observed among LTBI+ pregnant women in
India after the comparison with LTBI- pregnant women (10).
This strong activation of IFN-g following an exposition to M.
tuberculosis and observations made on the antiviral immune
response in pregnant woman seems to confirm the fact that
pregnancy is not a period of immunosuppression notably for
Th1 but a temporary attenuation in immune responses
characterized by a strengthening of innate immune barriers and
a concomitant reduction in pro-inflammatory immunity that is
resumed when exposed to infections (21, 22).

After delivery, the IFN-g magnitude seems to return to its
baseline concentration except for the former active TB group that
was successfully treated in which the M. tuberculosis-specific
IFN-g response remains high and positive regarding the QFT-P
response. All the previous active TB pregnant women (pATB)
remained indeed positive after 6 months of follow-up with the
QFT-P assay. This phenomenon could be explained by the
postpartum immune reconstitution syndrome (23). Physiologic
or enhanced proinflammatory response (especially Th1) during
the postpartum period and reversal in the cytokine pattern 3–6
weeks after delivery were also previously observed (24).
However, as the study was conducted in a high TB incidence
TABLE 3 | QuantiFERON-TB Gold-Plus assay results regarding the study participants clinical group.

Total QFT-P n (%)

Pos Neg Ind

HC 35 16 (45.7) 18 (51.4) 1 (2.8)
pNTB 209 72 (34.4) 132 (93.2) 5 (2.4)
pATB 24 14 (58.3) 10 (41.7) 0 (0.0)
ATB 16 10 (62.5) 5 (31.2) 1 (6.2)
December 2021 | Volume 12 | Article 8
QFT-P, QuantiFERON TB Gold Plus; pNTB, non-TB pregnant women; pATB, TB-confirmed pregnant women; ATB, non-pregnant TB-confirmed women; HC, healthy non-pregnant
women; Neg, negative; Pos, positive; Ind, indeterminate.
TABLE 4 | QuantiFERON TB Gold-Plus (QFT-P) assay results stratified by characteristics of the pregnant women group at the inclusion (D0).

Age Total QFT-P D0 p value

Pos Neg

<20 45 13 (28.8) 32 (71.1)
20–24 49 20 (40.8) 29 (59.1) 0.2
25–29 69 21 (30.4) 48 (68.6) 1
≥30 65 31 (47.7) 34 (52.3) 0.04

TB contact history
Yes 52 28 (53.8) 24 (46.1) 0.0037
No 176 55 (31.2) 121 (68.8)

TB treatment history
Yes 20 14 (70.0) 6 (30.0) 0.0036
No 208 69 (33.1) 139 (66.8)

Birth course
Gave birth 125 55 (44.0) 70 (56.0) 0.48
Ongoing pregnancy 22 12 (54.5) 10 (45.5)
TB, tuberculosis; QFT-P, QuantiFERON TB Gold Plus; Neg, negative; Pos, positive.
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area, a reinfection or a continuous exposition to TB has to be
considered especially in those that had the TB symptoms.

Finding TB-related symptoms in pregnant women that are
immunoreactive to M. tuberculosis antigen but without any
bacteriological confirmation (pLTBI+) may indicate an
immune control of the subclinical form of the disease that is
limiting the active replication of the bacteria (25). On the other
hand, the observed decline in IFN-g after 6 months of follow-up
in those non-confirmed TB pregnant women with positive QFT-
P may explain the risk of postpartum TB already observed in
populations from high-incidence areas as is the case in
Madagascar for this study (8, 26, 27). However, according to
our observations, despite a global decrease in the IFN-g response
during pregnancy, a sufficiently protective IFN-g response seems
to be protective and allows to contain an infection because even
after a 6-month follow-up, no women with positive QFT-P did
develop any active TB disease form.

Lastly, due to the pregnancy-associated immunologic and
physiologic changes that had been reported to have influence on
the performance of IGRA (28, 29), the choice of a threshold
concentration for definition of a positive reaction for QFT-P has
been debated, especially since results close to the recommended
cutoff concentration (0.35 IU/ml) can be subject to variability. In
the current study, we assumed the use of the recommended
cutoff concentration of 0.35 IU/ml rather than a lower threshold
concentration as suggested by other researchers (30) to allow the
Frontiers in Immunology | www.frontiersin.org 8
assessment of longitudinal variations and comparison of the
IFN-g concentrations with non-pregnant control that would be
difficult with specific cutoff concentration per clinical group.

Our study has several limitations. In the present study, only four
pregnant women in the first trimester of pregnancy were enrolled
and the majority of the participants in study were recruited at their
second and third trimesters of pregnancies. This did not allow
further robust statistical comparisons of IFN-g concentrations
regarding gestational age. The gradually occurring changes in
cytokine production including IFN-g responses over the course of
the pregnancy have been reported to be more pronounced in the
second and third trimesters (8, 21). Second, we have not investigated
other TB-specific cytokines. There are changes among other
cytokines that are specific to pregnancy (10). The next steps for
this study would be to better understand the impact of these
variations by assessing other cytokines and biomarkers of LTBI
and/or progression to active TB. Third, due to the sample size and
the limited data collected from the participants, we did not
investigate the association between the increase in IFN-g
concentration and the pregnancy outcomes (delivery mode, birth
term, infant outcomes) until the 6-month follow-up visits. However,
in this study we found that the proportion of caesarean delivery was
higher in those pregnant women with an elevated IFN-g response
independently of the TB clinical issue (data not shown).

To conclude, this study gives an overview of the immune
response dynamics during pregnancy and postpartum in M.
FIGURE 3 | Qualitative QuantiFERON-TB Gold-Plus Assay conversion and reversion proportion within pregnant women (pNTB and pATB) and TB-confirmed non-
pregnant women (ATB) groups between inclusion (D0) and the 6-month follow-up visit (M6). QFT-P, QuantiFERON-TB Gold Plus; Neg, negative; Pos, positive; DO,
inclusion; M6, six months follow up visit; pNTB, non-TB pregnant women; pATB, TB-confirmed pregnant women; ATB, TB-confirmed non-pregnant women.
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tuberculosis-infected women. Our findings suggested that despite
the decline in IFN-g response observed during pregnancy, a high
concentration of M. tuberculosis-induced IFN-g production was
observed in pregnant women with a controlled infection and a
lower concentration of this cytokine is observed in those with
active TB that however triggers persistent positive QFT-P after
the TB treatment. Early detection of M. tuberculosis infection
followed by preventive treatment administration was suggested
to be critical to the global TB control and eradication efforts.
More attention should be made with pregnant women as they
had a specific immune status and could be vulnerable to M.
tuberculosis infection and reactivation. These findings suggest a
need for implementation of improved strategies to scale up M.
tuberculosis infection screening among high-risk pregnant
women to advance in TB elimination and/or impact the TB-
related morbidity and mortality especially in those high-risk
pregnant women and their infants in high burden settings.
DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made
available by the authors on request to the corresponding author.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Comité d’éthique pour la recherche Biomédicale of
Frontiers in Immunology | www.frontiersin.org 9
the Ministry of Public Health of Madagascar. Written informed
consent to participate in this study was provided by the
participants’ legal guardian/next of kin.
AUTHOR CONTRIBUTIONS

NR and PR conceived the idea of this article and provided the
framework. All authors collected and analyzed the relevant
information. PR undertook the statistical analysis. PR wrote
the first draft of the manuscript. The initial draft was revised
by all authors. All authors read and approved the final
manuscript. All authors contributed to the article and
approved the submitted version.
FUNDING

This study has received funding from the Grand Challenges
Africa [GC Africa Innovation Seed Grant number GCA/ISG/
rnd1/115].
ACKNOWLEDGMENTS

We would like to acknowledge all the study participants. We
thank the healthcare facilities personnel and the Programme
National de Lutte Contre la Tuberculose (PNLT) from
Madagascar for facilitating access to the clinical centers.
REFERENCES
1. World Health Organization. WHO Guidelines on Tuberculosis Infection

Prevention and Control: 2019 Update. Geneva: World Health Organization
(2019). Available at: https://apps.who.int/iris/handle/10665/311259.

2. Figueroa-Damian R, Arredondo-Garcia JL. Neonatal Outcome of Children
Born to Women With Tuberculosis. Arch Med Res (2001) 32(1):66–9. doi:
10.1016/S0188-4409(00)00266-6

3. Sobhy S, Babiker Z, Zamora J, Khan KS, Kunst H. Maternal and Perinatal
Mortality and Morbidity Associated With Tuberculosis During Pregnancy
and the Postpartum Period: A Systematic Review and Meta-Analysis. BJOG
(2017) 124(5):727–33. doi: 10.1111/1471-0528.14408

4. Piccinni M-P, Raghupathy R, Saito S, Szekeres-Bartho J. Cytokines,
Hormones and Cellular Regulatory Mechanisms Favoring Successful
Reproduction. Front Immunol (2021) 12:717808. doi: 10.3389/
fimmu.2021.717808

5. Saito S, Nakashima A, Shima T, Ito M. Th1/Th2/Th17 and Regulatory T-Cell
Paradigm in Pregnancy. Am J Reprod Immunol (2010) 63(6):601–10.
doi: 10.1111/j.1600-0897.2010.00852

6. Doveren RF, Block R. Tuberculosis and Pregnancy - A Provincial Study,
(1990-1996). Neth J Med (1998) 52(3):100–6. doi: 10.1016/S0300-2977(98)
00004-7

7. Birku M, Girmay D, Getachew K, Belete T, Rawleigh H, Aster T, et al.
Pregnancy Suppresses Mycobacterium Tuberculosis-Specific Th1, But Not
Th2, Cell-Mediated Functional Immune Responses During HIV/Latent TB
Co-Infection. Clin Immunol (2020) 218:108523. doi: 10.1016/
j.clim.2020.108523. ISSN 1521-6616.

8. Tesfaye F, Walles J, Sturegård E, Winqvist N, Balcha TT, Kefeni M, et al.
Longitudinal Mycobacterium Tuberculosis-Specific Interferon Gamma
Responses in Ethiopian HIV-Negative Women During Pregnancy and
Postpartum. J Clin Microbiol (2021) 59:e00868–21. doi: 10.1128/JCM.
00868-21

9. Bongomin F, Ssekamatte P, Nattabi G, Olum R, Ninsiima S, Kyazze AP, et al.
Latent Tuberculosis Infection Status of Pregnant Women in Uganda
Determined Using Quantiferon TB Gold-Plus. Open Forum Infect Dis
(2021) 8(6):ofab241. doi: 10.1093/ofid/ofab241

10. Naik S, Alexander M, Kumar P, Kulkarni V, Deshpande P, Yadana S, et al.
Systemic Inflammation in Pregnant Women With Latent Tuberculosis
Infection. Front Immunol (2021) 11:587617. doi: 10.3389/fimmu.2020.587617

11. Ranaivomanana P, Rabodoarivelo MS, Ndiaye MDB, Rakotosamimanana N,
Rasolofo V. Different PPD-Stimulated Cytokine Responses From Patients Infected
With Genetically Distinct Mycobacterium Tuberculosis Complex Lineages. Int J
Infect Dis (2021) 104:725–31. doi: 10.1016/j.ijid.2021.01.073. ISSN 1201-9712.

12. Chedid C, Kokhreidze E, Tukvadze N, Banu S, Uddin MKM, Biswas S, et al.
Relevance of Quantiferon-TB Gold Plus and Heparin-Binding Hemagglutinin
Interferon-g Release Assays for Monitoring of Pulmonary Tuberculosis
Clearance: A Multicentered Study. Front Immunol (2021) 11:616450.
doi: 10.3389/fimmu.2020.616450

13. Qiagen. Quantiferonw-TB Gold Plus (QFT-Plus) ELISA Package Insert (2015).
Hilden, Germany: Qiagen. Available at: http://www.quantiferon.com/irm/
content/PI/QFT/PLUS/2PK-Elisa/UK.pdf (Accessed March 2017).

14. World Health Organization. Global Tuberculosis Report 2017. Geneva,
Switzerland: WHO (2017).

15. Klug-Micu GM, Stenger S, Sommer A, Liu PT, Krutzik SR, Modlin RL, et al.
CD40 Ligand and Interferon-g Induce an Antimicrobial Response Against
Mycobacterium Tuberculosis in Human Monocytes. Immunology (2013)
139:121–8. doi: 10.1111/imm.12062

16. Munoz-Suano A, Hamilton AB, Betz AG. Gimme Shelter: The Immune
System During Pregnancy. Immunol Rev (2011) 241(1):20–38. doi: 10.1111/
j.1600-065X.2011.01002.x
December 2021 | Volume 12 | Article 805157

https://apps.who.int/iris/handle/10665/311259
https://doi.org/10.1016/S0188-4409(00)00266-6
https://doi.org/10.1111/1471-0528.14408
https://doi.org/10.3389/fimmu.2021.717808
https://doi.org/10.3389/fimmu.2021.717808
https://doi.org/10.1111/j.1600-0897.2010.00852
https://doi.org/10.1016/S0300-2977(98)00004-7
https://doi.org/10.1016/S0300-2977(98)00004-7
https://doi.org/10.1016/j.clim.2020.108523
https://doi.org/10.1016/j.clim.2020.108523
https://doi.org/10.1128/JCM.00868-21
https://doi.org/10.1128/JCM.00868-21
https://doi.org/10.1093/ofid/ofab241
https://doi.org/10.3389/fimmu.2020.587617
https://doi.org/10.1016/j.ijid.2021.01.073
https://doi.org/10.3389/fimmu.2020.616450
http://www.quantiferon.com/irm/content/PI/QFT/PLUS/2PK-Elisa/UK.pdf
http://www.quantiferon.com/irm/content/PI/QFT/PLUS/2PK-Elisa/UK.pdf
https://doi.org/10.1111/imm.12062
https://doi.org/10.1111/j.1600-065X.2011.01002.x
https://doi.org/10.1111/j.1600-065X.2011.01002.x
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Ranaivomanana et al. IFN-g Responses in Pregnant Women With Tuberculosis
17. Pongcharoen S, Niumsup PR, Sanguansermsri D. JEG-3 Cell Culture
Supernatants Cause Reduced Interferon-Y and Interleukin-17 Production in
Mixed-Lymphocyte Reactions. Am J Reprod Immunol (2007) 57:227–23.
doi: 10.1111/j.1600-0897.2007.00467

18. Robinson DP, Klein SL. Pregnancy and Pregnancy-Associated Hormones
Alter Immune Responses and Disease Pathogenesis. Horm Behav (2012) 62
(3):263–71. doi: 10.1016/j.yhbeh.2012.02.023

19. Walles JK, Tesfaye F, Jansson M, Tolera Balcha T, Winqvist N, Kefeni M, et al.
Performance of Quantiferon-TB Gold Plus for Detection of Latent Tuberculosis
Infection in PregnantWomen Living in a Tuberculosis- andHIV-Endemic Setting.
PloS One (2018) 13(4):e0193589. doi: 10.1371/journal.pone.0193589

20. Mathad JS, Bhosale R, Balasubramanian U, Kanade S, Mave V, Suryavanshi N,
et al. Quantitative IFN-g and IL-2 Response Associated With Latent Tuberculosis
Test Discordance in HIV-Infected Pregnant Women. Am J Respir Crit Care Med
(2016) 193(12):1421–8. doi: 10.1164/rccm.201508-1595OC

21. Kraus TA, Engel SM, . Sperling RS, Kellerman L, Lo Y, Wallenstein S, et al.
Characterizing the Pregnancy Immune Phenotype: Results of the Viral
Immunity and Pregnancy (VIP) Study. J Clin Immunol (2012) 32:300–11.
doi: 10.1007/s10875-011-9627-2

22. Cornish EF, Filipovic I, Åsenius F, Williams DJ, McDonnell T. Innate
Immune Responses to Acute Viral Infection During Pregnancy. Front
Immunol (2020) 11:572567. doi: 10.3389/fimmu.2020.572567

23. Singh N, Perfect JR. Immune Reconstitution Syndrome and Exacerbation of
Infections After Pregnancy. Clin Infect Dis (2007) 45:1192–9. doi: 10.1086/522182

24. Elenkov I, Wilder R, Bakalov V, Link AA, Dimitrov MA, Fisher S, et al. IL-12,
TNF-Alpha, and Hormonal Changes During Late Pregnancy and Early
Postpartum: Implications for Autoimmune Disease Activity During These
Times. J Clin Endocrinol Metab (2001) 86:4933–8. doi: 10.1210/jcem.86.10.7905

25. Tabone O, Verma R, Singhania A, Chakravarty P, Branchett WJ, Graham CM,
et al. Blood Transcriptomics Reveal the Evolution and Resolution of the
Immune Response in Tuberculosis. J Exp Med (2021) 218(10):e20210915.
doi: 10.1084/jem.20210915

26. Zenner D, . Kruijshaar ME, Andrews N, Abubakar I. Risk of Tuberculosis in
Pregnancy a National, Primary Care–Based Cohort and Self-Controlled Case
Series Study. Am J Of Respir And Crit Care Med (2012) 185(7):779–84.
doi: 10.1164/rccm.201106-1083OC
Frontiers in Immunology | www.frontiersin.org 10
27. Jonsson J, Kühlmann-Berenzon S, Berggren I, Bruchfeld J. Increased Risk of
Active Tuberculosis During Pregnancy and Postpartum: A Register-Based
Cohort Study in Sweden. Eur Respir J (2020) 55:1901886. doi: 10.1183/
13993003.01886-2019

28. LaCourse SM, Cranmer LM, Matemo D, Kinuthia J, Richardson BA, Horne
DJ, et al. Effect of Pregnancy on Interferon Gamma Release Assay and
Tuberculin Skin Test Detection of Latent TB Infection Among HIV-
Infected Women in a High Burden Setting. J Acquir Immune Defic Syndr
(2017) 75(1):128–36. doi: 10.1097/QAI.0000000000001298

29. Mathad JS, Bhosale R, Sangar V, Mave V, Gupte N, Kanade S, et al. Pregnancy
Differentially Impacts Performance of Latent Tuberculosis Diagnostics in a
High-Burden Setting. PloS One (2014) 9(3):e92308. doi: 10.1371/
journal.pone.0092308

30. Walles J, Tesfaye F, Jansson M, Balcha TT, Sturegård E, Kefeni M, et al.
Tuberculosis Infection in Women of Reproductive Age: A Cross-Sectional
Study at Antenatal Care Clinics in an Ethiopian City. Clin Infect Dis (2021) 73
(2):203–10. doi: 10.1093/cid/ciaa561

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Ranaivomanana, Ratovoson, Razafimahatratra, Razafimahefa,
Hoffmann, Herindrainy, Rakotonirina and Rakotosamimanana. This is an open-
access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply with
these terms.
December 2021 | Volume 12 | Article 805157

https://doi.org/10.1111/j.1600-0897.2007.00467
https://doi.org/10.1016/j.yhbeh.2012.02.023
https://doi.org/10.1371/journal.pone.0193589
https://doi.org/10.1164/rccm.201508-1595OC
https://doi.org/10.1007/s10875-011-9627-2
https://doi.org/10.3389/fimmu.2020.572567
https://doi.org/10.1086/522182
https://doi.org/10.1210/jcem.86.10.7905
https://doi.org/10.1084/jem.20210915
https://doi.org/10.1164/rccm.201106-1083OC
https://doi.org/10.1183/13993003.01886-2019
https://doi.org/10.1183/13993003.01886-2019
https://doi.org/10.1097/QAI.0000000000001298
https://doi.org/10.1371/journal.pone.0092308
https://doi.org/10.1371/journal.pone.0092308
https://doi.org/10.1093/cid/ciaa561
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Longitudinal Variations of M. tuberculosis-Induced IFN-&gamma; Responses in HIV-Negative Pregnant Women Exposed to Tuberculosis
	Introduction
	Methods
	Study Design and Setting
	Data Collection and Laboratory Procedures
	Mycobacteriology
	Interferon-Gamma Assay

	Follow-Up Visits
	Statistical Analysis
	Ethical Considerations

	Results
	Study Participant Characteristics
	Concentrations of IFN-&gamma; Production Upon M. tuberculosis Antigen Stimulation by Pregnancy Status
	Comparison of M. tuberculosis Antigen Triggered IFN-&gamma; Concentrations After 6 Months Follow-Up (TB Treatment and Postpartum)
	QFT-Plus Assay Qualitative Evolution

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


