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Background: Pregnant women with latent tuberculosis infection (LTBI) may develop active tuberculosis infection and could infect
their neonates, which could impair the child’s immune system due to infection-mediated immunological responses. In order to develop
a preventative TB program in this study, we desired to understand the impact of calcitriol in LTBI pregnant women and immunological
responses in neonates.

Patients and Methods: In three hospitals in Medan, North Sumatra, we implemented a case-control design with 84 pregnant women
in their third trimester and their newborns. We determined the levels of calcitriol, cathelicidin, and interferon gamma (IFN-y) in
women between December 2021 and July 2022. These measurements were then compared to the newborns’ levels of calcitriol,
cathelicidin, IFN-y, and Toll-Like Receptor (TLR) 2. Analyses were performed using the Chi-squared and Fisher’s tests, while
Spearman correlations were employed to assess for correlations.

Results: 42 pregnant women with LTBI (interferon gamma release assay (IGRA) positive) and 42 pregnant women without LTBI (IGRA
negative) participated in the study. The findings demonstrated that pregnant women with LTBI were at increased risk for calcitriol deficiency
(Odds Ratio (OR) = 3.667, p = 0.006), which had an impact on the calcitriol levels of their unborn children (p = 0.038). TLR2 levels and
calcitriol levels were substantially associated with LTBI pregnant women and their healthy neonates (p = 0.048; p = 0.005). Cathelicidin
levels in the newborns of non-LTBI pregnant women were influenced by their higher calcitriol levels (p = 0.043). Pregnant women with
LTBI had higher levels of cathelicidin and IFN-y than those without it (p = 0.03; p = 0.001).

Conclusion: Pregnant LTBI women’s calcitriol levels had an impact on the calcitriol levels of their newborns. Mother’s immuno-
logical responses and babies’ calcitriol levels affected the levels of cathelicidin, IFN-y, and TLR2 in newborns.
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Introduction

With 230000 pediatric TB deaths reported in 2019 out of a total of 1.2 million, Children’s TB is one of the leading causes of
sickness and death worldwide.'* Around 845,000 cases of TB were reported in Indonesia in 2020, with 28% of cases staying
untreated and 34% obtaining effective therapeutic care.’ With 3% per 100.000 population of pregnant women, Indonesia has
a312/100,000 TB prevalence in 202243 Worldwide, 900 million women have LTBI, which, depending on their immune level,
could develop into an active TB infection.® The innate immune response of the host serves as the immune system’s first line of
defense against all pathogens, including Mycobacterium tuberculosis, and this further triggers the adaptive immune response.
Cathelicidin, interferon gamma (IFN-y), and toll-like receptors (TLR) are significant mediators of the inflammatory response
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against M. mberculosis.”® At the level of the macrophage, which is involved in cathelicidin and interferon gamma (IFN-y)
mediated activity against mycobacteria, calcitriol affects the pathogenesis of M. tuberculosis infection or illness.’

There are temporal changes in immunity throughout pregnancy, and pregnant women have a unique immunological profile
compared to non-pregnant adults. Supplementing with calcitriol during pregnancy considering that calcitriol may have an
impact on placental inflammation.” ' Pregnant women’s calcitriol levels may have an impact on the fetal immune system and
their children’s risk of contracting diseases.'*'* According to multiple studies, there is no direct link between calcitriol levels
in pregnant women and the incidence of delivery problems such infections and atopic dermatitis in children.'*'> Another
study reported that low calcitriol levels in patients with tuberculosis during pregnancy can affect the fetal immune system and
increase the risk of congenital disease in neonates. This is supported by a meta-analysis study that reported low calcitriol in
pregnant women will increase the risk of tuberculosis infection in children and calcitriol deficiency.”®

In this work, we investigated the relationship between calcitriol levels in LTBI pregnant women and calcitriol levels
in their newborns as well as the relationship between cathelicidin, TLR2, and IFN- levels in the newborns. We also
examined the effects of cathelicidin and IFN-y levels in LTBI pregnant women on the cathelicidin and IFN-y levels of
their neonates in order to ensure that both the children and mothers with LTBI have an adequate immune system to
preventative TB activity.

Methods

Study Design

84 pregnant women in their third trimester and their newborns were involved in our case control study. The women were
divided into two groups according to whether they had LTBI (IGRA-positive or -negative). Between December 2021 and
July 2022, we measured calcitriol, cathelicidin, IFN-y, and TLR2 levels for each participant. Three hospitals (Medan,
North Sumatera) recruited the participants, who frequently underwent prenatal examinations and gave birth to their
children there. Prior to taking part, participants gave their consent after being informed.

Participants

Participants who met the inclusion and exclusion criteria were chosen using the sequential sampling method. The inclusion
criteria were third-trimester pregnant women without problems who delivered healthy newborns at term without postpartum
respiratory distress. Exclusion criteria included COVID-19 infections, pregnant women with comorbidities such hypertension,
diabetes mellitus, or eclampsia, bone diseases and neonates who were later found to have respiratory distress. A daily 1000 IU
calcitriol supplement was given to participants by their obstetric and gynecologist specialists. Initially, 116 pregnant women in
their third trimester were included in the study. However, 84 women were selected (42 in the case group and 42 in the control
group) after applying the inclusion and exclusion criteria.

Statistical Analysis

For data analysis, we used IBM SPSS version 11.5 (IBM Corp., Chicago, IL, USA). Chi-squared tests were performed to
examine correlations among categorical parameters. Categorical variables were shown as percentages. When the
conditions for the Chi-squared test could not be met, Fisher’s tests were utilized. Kolmogorov—Smirnov test methods
were originally used to assess continuous data distributions. Pearson’s parametric tests were applied to determine
associations between calcitriol levels and cathelicidin, IFN-y, and TLR2 levels in newborns. The significance level for
the results was 0.05.

Sample Size and Power Calculations

To select the biggest sample size and create a representative sample from the population, we used systematic random
selection. For example, 80% power and -values were determined via purposeful sampling. Investigating relationships
between calcitriol and levels of cathelicidin, IFN-y, and TLR2 was our main goal. Each two-tailed hypothesis test’s
minimum sample size was calculated using significance at 0.05.
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Examinations

Measurements were made twice, with the average being used. Before giving birth, ladies had blood drawn from the
medial cubiti vein on either their left or right arm. Exams were performed in the Medical Faculty Integrated Laboratory at
the University of North Sumatera. During birth, blood samples from the umbilical cord were collected. IGRA testing was
carried out utilizing the Elispot Enzyme-linked Immunosorbent Spot Assay (Elispot), which counted spots on incubated
materials and was used to classify case and control groups. Under a microscope, the specimens were examined; if five
spots were present, the sample was IGRA-negative, while six spots indicated that it was IGRA-positive.

On samples from the mother and the child, enzyme-linked immunosorbent assay (ELISA) kits (DiaSorin, USA) were
used to measure the calcitriol levels. Calcitriol levels in newborns were normal (>20 ng/mL), insufficient 12-20 ng/mL,
and deficient (12 ng/mL)."® Insufficient levels of calcitriol in mothers were between 21 and 29 ng/mL, while inadequate
levels were below 20 ng/mL. Human Cathelicidin Antimicrobial Peptide ELISA kits (Bioassay Technology Laboratory,
Birmingham, UK) were used for the cathelicidin testing, and levels were expressed in ng/mL. Human IFN-y ELISA Kits
(Millipore, Sigma-Aldrich, Missouri-US) were used to measure IFN-y levels.

We used real-time polymerase chain reaction (RT-PCR) to evaluate TLR2 in newborns. RNA was initially extracted
from the umbilical cord. Then, 40 cycles of RT-PCR were performed in an RNA thermal cycler: denaturation at 50°C for
2 minutes, followed by 10 minutes at 95°C, then 15 minutes at 95°C, and finally | minute at 60°C. The TLR2 primers
were 5’-TTGTGCCCATTGCTCTTTTCAC-3" and 5’-TGGCATTGTCCAGTGCTTCA-3’, whereas the -actin primers
were 5’-AGCCTCGCCTTTGCCGA-3’ and 5’-CTGGTGCCTGGGGCG-3’. Sigma-Aldrich (Missouri, US) was used for
both the RNA isolation and the RT PCR. According to Livak et al (2001), gene expression analyses were carried out,
where the higher the gene expression, the lower the delta cycle threshold (CT) value.'”

Results

116 expecting mothers visited the three hospitals during the study. Twelve COVID-19 infections were confirmed, five women
declined to take part, and four had preeclampsia diagnoses. 95 ladies thereby met the requirements for inclusion and gave their
permission to take part. 52 of the women who underwent IGRA testing were classified as not having LTBI (IGRA-negative),
while 43 were classified as having LTBI (IGRA-positive). Ten non-LTBI women dropped out of the study because they did not
show up, and one non-LTBI woman dropped out because her baby died during childbirth. As a result, 84 newborns met the
criterion for inclusion. According to sample estimates, the case group consisted of 42 pregnant women with LTBI and their
babies, while the control group consisted of 42 pregnant women without LTBI and their newborns (Figure 1). The average
gestational age was 38 to 40 weeks, and the average age of the women was 24 to 42. The majority of newborns were healthy.

24 LTBI pregnant women had normal calcitriol levels, 14 had insufficient calcitriol, and four had calcitriol deficiency.
Pregnant women without LTBI did not have calcitriol shortages. Regardless of LTBI status, calcitriol studies in pregnant
women and their neonates did not reveal any appreciable changes (Table 1).

Pregnant women with LTBI had lower calcitriol levels than pregnant women without LTBI, although this difference was
not statistically significant (p = 0.293). Of the 84 neonates, 45 had insufficient calcitriol, 33 had insufficient calcitriol, and six
had appropriate levels. Six neonates born to non-LTBI pregnant women had normal levels of calcitriol, whereas newborns
born to LTBI pregnant women did not. When compared to neonates from non-LTBI pregnant women, newborns from LTBI
pregnant women had lower calcitriol levels, but the differences were not statistically significant (p = 0.785, Table 2).

LTBI was a major risk factor for calcitriol deficiency, according to LTBI risk assessments in relation to calcitriol
levels in pregnant women. When compared to non-LTBI peers, pregnant women with LTBI were roughly 3.667 times
more likely to be calcitriol deficient (Table 3).

When statistical analyses were done on relationships between calcitriol levels in pregnant women and the LTBI status of
their newborns, calcitriol levels in these women had an impact on calcitriol levels in their newborns (p = 0.038, Table 4),
according to the classification of calcitriol levels in pregnant women and newborns as “normal” and “low” levels.

Cathelicidin levels in newborns born to LTBI pregnant women were not significantly correlated with calcitriol levels
(Table 5). However, in newborn calcitriol status assessments, a significant correlation was found between low cathelicidin
levels in LTBI pregnant women and low calcitriol levels in newborns (p = 0.043, r = 0.481; Table 6). Studies found no
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Figure | Sample estimates.

connection between calcitriol levels in neonates born to LTBI pregnant women and newborn IFN-y levels (p > 0.05; Table 5)
or between calcitriol levels in newborns born to non-LTBI pregnant women and newborn IFN-y levels. When comparing the
outcomes depending on the calcitriol levels of the newborns, the same conclusions were reached (p > 0.05; Table 6).

The levels of cathelicidin and calcitriol in babies delivered to LTBI pregnant women were not significantly correlate
with one another (Table 5). However, in assessments of babies’ calcitriol status, a significant correlation was found
between low levels of cathelicidin in LTBI pregnant women and low levels of calcitriol in neonates (p = 0.043, r = 0.481;
Table 6). No significant association between calcitriol levels in neonates born to LTBI pregnant women and newborn
IFN-y levels was found in the analyses (p > 0.05; Table 5), nor were there any significant relationships between calcitriol
levels in newborns born to non-LTBI pregnant women and newborn IFN-y levels. When the newborn’s calcitriol levels
were taken into account, the same outcomes were found (p > 0.05; Table 6).

When the relationships between the levels of the cathelicidin in LTBI pregnant women and the levels of the
cathelicidin and TLR2 in their newborns were examined, a p value of 0.033 was produced, indicating a statistically
significant relationship between the levels of the cathelicidin in LTBI pregnant women and the levels of the cathelicidin

Table | Based on the Mother’s Calcitriol Levels, the Newborn’s Vitamin

Pregnant women’s Calcitriol | Newborns Calcitriol (n,%) | Normal | p value

Deficiency | Insufficiency
Deficiency 2 (50) 2 (50) 0(0) 0,538
Insufficiency 9 (39,1) 14 (60,9) 0 (0)
Normal 34 (59,6) 17 (29,8) 6 (10,5)
Total 45 (53,6) 33 (39,3) 6 (7.0)
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Table 2 Categorizes the Levels of Calcitriol in Pregnant Women
and Their Newborns into LTBI Groups and Non-LTBI Groups

Calcitriol Level (ng/mL) LTBI Non-LTBI | p value
n=42, n(%) | n=42, n(%)

Pregnant women

Deficiency (<21) 4 (9.5) 0(0) 0,293

Insufficiency (21-29) 14(33,3) 9(21,4)

Normal (30-100) 24(57,1) 33(78,6)

Newborns

Deficiency (<12) 24(57,1) 21(50) 0,785

Insufficiency (12-20) 18(42,9) 15(35,7)

Normal (>20) 0(0) 6(14,3)

Abbreviation: LTBI, Latent tuberculosis infection.

Table 3 The Relationship Between Calcitriol Levels in Pregnant Women and

Newborns
Calcitriol level Pregnant women OR Cl 95% p value
(LL-UL)
LTBI Non-LTBI
Pregnant women
Low 18 (42,9) | 9 (21,4) 3,667 1,413-9,514 | 0,0067*
Normal 24 (57,1) | 33(78,6)
Newborn baby
Low 42 (53,8) | 36 (46,2) 0,462 | 0,363-0,587 | 0,026
Normal 0 (0) 6 (100)

Notes: a, Chi-square test); b, Fischer exact test; *Significant if p<0.05.
Abbreviations: LTBI, Latent tuberculosis infection; LL, Lower level; UL, Upper level; OR, Odd ratio.

Table 4 The Relationship Between Low Levels of Calcitriol in Pregnant
Women and Newborns
Pregnant women Calcitriol Newborns Calcitriol (n,%) p value
Deficiency Insufficiency
LTBI
Low 7(38,9) TCIND) 0,038%*
Normal 17(70,8) 7(29,2)
Non-LTBI
Low 9(100) 0(0) 0,312°
Normal 27(81,8) 6(18,2)

Notes: a, Chi-square test; b, Fischer exact test; *Significant if p<0.05.
Abbreviation: LTBI, Latent tuberculosis infection.

in the newborns. The correlation between the mother’s cathelicidin levels and the newborn’s cathelicidin levels was
found to be 69.2% (R2 = 0.692), with a coefficient number of 1.357. IFN-y levels in LTBI pregnant women and neonates
were shown to be significantly correlated (p-value = 0.001) with one another (Table 7).

ImmunoTargets and Therapy 2024:13

https:

199


https://www.dovepress.com
https://www.dovepress.com

Meirina et al Dove

Table 5 The Relationship Between the Level of Calcitriol in Pregnant Women
and the Levels of Tool-Like Receptor 2, Interferon Gamma, and Cathelicidin in

Newborns
Variable Mean1SD (min-max) r p value
LTBI pregnant women
Calcitriol* (ng/mL) 47,70+44,46 (17-219)
Cathelicidin® (ng/mL) 7,55+7,09 (2,52-38,6) 0,075 0,637
IFNY® (pg/mL) 1145,92+2041,83 —0,03 0,849
(24,10-9770)
TLR2® (AACT) 5,11x1,2 (1,46-6,84) 0,307 0,048*
Non-LTBI pregnant women
Calcitriol’(ng/mL) 47,50+30,39 (23-177)
Cathelicidin® (ng/mL) 8,38+10,19 (2,68-46,7) 0,004 0,980
IFNY® (pg/mL) 544,19+1275,65 (20,4-7940) | —0,002 | 0,990
TLR2® (AACT) 5,39 £1,27 (1,71-7,80) —0,313 | 0,044*

Notes: a, pregnant women); b, newborns; r, Spearman Correlation Test (correlation between level of
calcitriol in pregnant women and the levels of tool-like receptor 2, interferon gamma, and cathelicidin
in newborns); *Significant if p <0.05.

Table 6 The Relationship Between Calcitriol Levels in Pregnant Women and Tool-Like Receptor 2, Interferon
Gamma, and Cathelicidin Levels in Newborns

Variable Cathelicidin r p Interferon v r P Tool-like r p

MeantSD MeanzSD Receptor2

MeantSD

ILTB
Insufficiency 7,4%4,6 0,48 | 0,04* | 974,7£1400,2 0,11 0,65 | 4.68+1.57 0,01 0,96
Deficiency 7,6£8,5 0,07 | 0,72 1274,242437,7 0,09 0,66 | 5.43+0,74 0,18 0,39
Non-LTBI
Normal 5,7£2,9 0,25 | 0,26 | 412,7+758,6 —0,02 | 0,95 | 4.29+1,47 0,94 | 0,005*
Insufficiency 10,3+13,5 0,20 | 0,46 1374,8+2085,4 —0,07 | 0,80 | 5.81+0,85 0,25 0,35
Deficiency 5,7£2,9 0,25 | 0,26 1191,8+2270,8 0,27 | 0,23 | 5.42%1,32 —-0,37 | 0,09

Notes: r, Spearman Correlation Test (correlation between level of calcitriol in pregnant women and the tool-like receptor 2, interferon gamma, and
cathelicidin levels in neonates; *Significant if p <0.05.
Abbreviation: LTBI, Latent tuberculosis infection.

Table 7 The Effects of Cathelicidin and Interferon on Expectant Mothers and Newborns

Variable MeantSD (min-max) r p value | R?
Cathelicidin
Pregnant women (ng/mL) 6,59+4,35 (3,12-30,90) -0,329 | 0,033 0,692
Newborns (ng/mL) 7,55£7,09 (2,52-38,6)
Interferon y
Pregnant women (pg/mL) | 440,93+707,49 (24,5-3200) 0,673 0,001 0,641

Newborns (pg/mL) 1145,92+2041,83 (24,10-9770)

Notes: r; Spearman Correlation Test (correlation between cathelicidin and interferon on expectant mothers and
newborns).

Discussion

In our study, we found that 45.3% of the 95 pregnant women had LTBI. 32.1% (27) of the 84 pregnant women had inadequate
calcitriol levels. This finding was in line with a study conducted in Indonesia in 2014, when 95% of 145 adult women were
calcitriol deficient.'®'® Comparing LTBI pregnant women to non-LTBI counterparts, LTBI pregnant women exhibited lower
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calcitriol levels and a 3.7 times higher risk of calcitriol insufficiency. According to earlier studies, calcitriol levels in pregnant

20,21

women were considerably impacted by bacterial infections, and TB-infected people had lower calcitriol levels than non-

infected people.”? >* The body’s immune responses, such as cell division, proliferation, and bacterial phagocytosis, are
controlled by active calcitriol metabolites that work at the cellular level to support the body’s own immune system.>*=
Increased calcitriol active metabolites aid immune cells in phagocytizing germs, which may impact calcitriol levels, as
immune responses against M. tuberculosis involve both non-specific and specific natural immune systems.

Calcitriol levels in LTBI pregnant women and their babies were shown to be significantly correlated (p = 0.038). This
was in line with studies from Poland, Nepal, Malaysia, and Indonesia, where nearly all neonates had calcitriol shortages
and babies born to mothers with low calcitriol levels did not have adequate calcitriol levels.>'**?® Through the
transplacental pathway during intrauterine growth, maternal calcitriol levels are used to produce calcitriol for newborns.
Inactive calcitriol (25(OH)D) is the primary calcitriol metabolite that crosses the placenta, and levels from the umbilical
cord account for two-thirds of the mother’s calcitriol levels. As a result, the baby’s calcitriol levels may be impacted if
the mother has a calcitriol shortage or insufficiency.”’ ' Fetal growth and development stages make use of active
calcitriol metabolites.** According to our study, newborns receive 2/3 of their calcitriol supply from their mothers, and
the high utilization of active calcitriol metabolites for fetal growth and development during the fetal period can affect the
levels of inactive calcitriol in fetal blood circulation. These factors may contribute to low calcitriol levels in newborns
delivered to mothers with low or normal calcitriol levels.

Cathelicidin typically increases during inflammatory processes brought on by bacterial infection and plays crucial
functions in non-specific immune responses. In our study, cathelicidin mean values increased above normal limits in
newborns and pregnant women with LTBI (normal range = 2.71 3.57 ng/mL). Only newborns were studied for IFN-y
levels, and those from LTBI pregnant women had greater mean [FN-y levels than their non-LTBI counterparts (healthy
neonate range = 17.5-38.5 pg/mL). The average IFN-y levels in pregnant LTBI women were similarly higher than
expected (healthy adult range = 1.4 to 1.34 pg/mL).**°

This finding was consistent with earlier study that identified elevated cathelicidin levels in tracheal cells as a biomarker for the
immune system’s ability to protect against TB and respiratory infections in neonates with acute respiratory infections. IFN-y is
a crucial cytokine in newborns; it reduces the likelihood of respiratory infections and is a cytokine of the early response to
M. tuberculosis infection. Newborns’ elevated levels of cathelicidin and IFN-y were presumably brought on by bacterial exposure
during delivery. When a newborn breathes or cries for the first time, bacteria and/or viruses may enter their respiratory system,
triggering normal, non-specific immune responses and raising cathelicidin and IFN-y levels.*” *

LTBI pregnant women’s calcitriol levels did not alter the cathelicidin and IFN-y levels in their neonates, but the
newborns’ calcitriol status did affect the cathelicidin levels. Calcitriol plays immunomodulatory roles in pregnant women
with LTBI and persistent infections, where immune response elements (cathelicidin and IFN-y) are linked to the
development of the child’s immune system from the time of conception. High levels of cathelicidin and IFN-y in
LTBI pregnant women suggested active immune responses that successfully fought infection. The general health of
LTBI-pregnant moms and their unborn children made this clear. Mothers and newborns were in good health and showed
no diseases at the time when LTBI pregnant women were hospitalized to the hospital until discharge after giving birth.

The absence of long-term participant monitoring, data on the mother’s diet and sun exposure, neonatal IGRA testing,
research on the genes involved in calcitriol metabolism, and assessments of other vitamin levels and immunomodulators
are only a few of the limitations of our study. Furthermore, we did not keep track of babies’ chronic cough, fever, or other
TB clinical symptoms such weight loss. To develop a more thorough understanding of the connection between calcitriol
levels and TLR2 expression in newborns, these approaches should be used in future studies. It is crucial to make sure that
newborns receive the appropriate vaccinations and frequent growth monitoring, as was done in this study.

Future research will shed more light on the connection between calcitriol levels and TLR2 expression in newborns by
examining other vitamin levels or immunomodulators, examining calcitriol metabolism genes, conducting interviews on
food intake and sunlight exposure, testing newborns for IGRA, investigating calcitriol metabolism genes, and monitoring
TB clinical signs. We found that even taking a 1000 IU supplement, several subjects still had calcitriol deficiencies. The
right dosages for LTBI pregnant women to exert effective immune defenses may be determined by more research
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comparing higher calcitriol supplement dosages. Furthermore, since optimum calcitriol levels are necessary for the
immune system, it is crucial to educate people about the proper levels of sunlight exposure for moms and babies.

Conclusions
Calcitriol levels in pregnant women may affect calcitriol levels and the immunological response of the neonate. It is
critical for mothers and newborns to maintain adequate levels of calcitriol for a healthy immune system.
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