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Abstract 47 

Background: Recent studies in adults have characterized differences in systemic inflammation 48 

between adults with and without latent tuberculosis infection (LTBI+ vs. LTBI-). Potential 49 

differences in systemic inflammation by LTBI status has not been assess in pregnant women.  50 

 51 

Methods: We conducted a cohort study of 155 LTBI+ and 65 LTBI- pregnant women, stratified by 52 

HIV status, attending an antenatal clinic in Pune, India. LTBI status was assessed by interferon 53 

gamma release assay. Plasma was used to measure systemic inflammation markers using 54 

immunoassays: IFNβ, CRP, AGP, I-FABP, IFNγ, IL-1β, soluble CD14 (sCD14), sCD163, TNF, IL-55 

6, IL-17a and IL-13. Linear regression models were fit to test the association of LTBI status with 56 

each inflammation marker. We also conducted an exploratory analysis using logistic regression to 57 

test the association of inflammatory markers with TB progression.  58 

 59 

Results: Study population was a median age of 23 (Interquartile range: 21-27), 28% undernourished 60 

(mid-upper arm circumference (MUAC) <23 cm), 12% were vegetarian, 10% with gestational 61 

diabetes and 32% with HIV. In multivariable models, LTBI+ women had significantly lower levels 62 

of third trimester AGP, IL1β, sCD163, IL-6  and IL-17a. Interestingly, in exploratory analysis, 63 

LTBI+ TB progressors had significantly higher levels of IL1β, IL-6 and IL-13 in multivariable 64 

models compared to LTBI+ non-progressors.  65 

 66 

Conclusions: Our data shows a distinct systemic immune profile in LTBI+ pregnant women 67 

compared to LTBI- women. Data from our exploratory analysis suggest that LTBI+ TB progressors 68 

do not have this immune profile, suggesting negative association of this profile with TB progression. 69 
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If other studies confirm these differences by LTBI status and show a causal relationship with TB 70 

progression, this immune profile could identify subsets of LTBI+ pregnant women at high risk for 71 

TB progression and who can be targeted for preventative therapy.  72 

 73 
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Introduction: 91 

Active tuberculosis (TB) disease elicits host responses characterized by an immune profile 92 

that is clearly distinct from healthy individuals (O'Garra et al., 2013; Cliff et al., 2015). As the 93 

causative agent Mycobacterium tuberculosis (Mtb) is actively replicating during TB disease, it causes 94 

constant antigen stimulation from the bacterium that shapes the immune response. In contrast, with 95 

latent TB infection (LTBI), Mtb is not actively replicating in the host and antigen stimulation with 96 

Mtb antigens is required to generate Mtb-specific immune responses (O'Garra et al., 2013). While 97 

differences in immunity with Mtb antigen stimulation has been extensively studied for active disease 98 

or LTBI compared to healthy individuals (Tufariello et al., 2003; Mack et al., 2009; O'Garra et al., 99 

2013; Cliff et al., 2015; de Martino et al., 2019), there are limited studies characterizing differences 100 

by LTBI status in circulating inflammatory markers, in the absence of antigen stimulation (Cowan et 101 

al., 2012; Jensen et al., 2013; LaVergne et al., 2020). This information could potentially explain why 102 

an increased risk of certain adverse outcomes (e.g. acute myocardial infarction) have been observed 103 

among LTBI+ individuals, or help identify immune profiles associated with TB progression 104 

(Andrews et al., 2012; Huaman et al., 2018b).  105 

One hypothesis on levels of inflammation by LTBI status is that there is no difference in 106 

circulating inflammatory markers between LTBI+ and LTBI- individuals. Mtb infection is mainly 107 

quiescent during LTBI and can remain in this form for a long time without harm to most individuals 108 

(Comstock et al., 1974; Vynnycky and Fine, 2000). However, recent data from studies in adults 109 

suggest that there might be differences in systemic inflammation by LTBI status (Cowan et al., 2012; 110 

Jensen et al., 2013; Huaman et al., 2016; LaVergne et al., 2020). For example, a study of Indian 111 

adults observed that after adjusting for potential confounders, LTBI+ individuals had significantly 112 

higher levels of circulating pro-inflammatory mediators IL-6 and MCP-1 but lower levels of C-113 
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reactive protein (CRP), another pro-inflammatory marker, compared to LTBI- individuals (LaVergne 114 

et al., 2020).  115 

While studies have started to assess potential differences in systemic inflammation by LTBI 116 

status in non-pregnant adults (Cowan et al., 2012; Jensen et al., 2013; Huaman et al., 2016; LaVergne 117 

et al., 2020), there is no data on pregnant women. Pregnant women have a distinct immune profile 118 

compared to adults and there are temporal changes in immunity during pregnancy (Mor and 119 

Cardenas, 2010). It is not currently known whether there is a difference in systemic inflammation 120 

between LTBI+ and LTBI- pregnant women, and how this might change by trimester of pregnancy. 121 

Furthermore, LTBI+ women have a higher risk of Mtb progression during pregnancy and post-122 

partum but the reasons are not clear (Mathad and Gupta, 2012; Zenner et al., 2012; Jonsson et al., 123 

2020). The immune profile during pregnancy, including the systemic inflammatory milieu, may 124 

inform on potential changes to immunity that increase susceptibility to TB disease during pregnancy. 125 

In order to address this research gap in our understanding of systemic immunity in LTBI+ pregnant 126 

women, we compared the levels of systemic inflammatory markers, at the second and third trimester, 127 

by LTBI status in a cohort of pregnant women from Pune, India, and explored the association of 128 

these immune markers with TB progression during pregnancy and post-partum.  129 

 130 

Methods: 131 

Study Design and Population 132 

A cohort study of pregnant women was conducted at Byramjee Jeejeebhoy Government 133 

Medical College (BJGMC) in Pune, India from 2016-2019. Adult pregnant women, aged 18-40 years 134 

and between 13-34 weeks of gestation (confirmed by early pregnancy ultrasound), receiving 135 

antenatal care at BJGMC were enrolled for this study. Pregnant women with active TB at entry were 136 
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excluded. We enrolled four cohorts of pregnant women based on their latent tuberculosis infection 137 

(LTBI) and HIV status: 1) LTBI+HIV+ (N=35), 2) LTBI+HIV- (N=130), 3) LTBI-HIV+ (N=44) and 138 

4) LTBI-HIV- (N=25). The sample size for this cohort was based on the primary objective of the 139 

cohort study which was to compare the concentrations of Th1 cytokines after MTB-specific antigen 140 

stimulation by stage of pregnancy. LTBI status was determined using Interferon Gamma Release 141 

Assay (IGRA Quantiferon TB-Gold) according to manufacturer’s instructions. Sampling within each 142 

cohort was based on convenience sampling of those that met eligibility criteria.  143 

 144 

Ethics Statement 145 

All clinical investigations were conducted according to the principles expressed in the 146 

Declaration of Helsinki. Written informed consent was obtained from all participants. This study was 147 

approved by institutional review boards and ethics committees at BJGMC, Johns Hopkins University, 148 

Weill Cornell and Columbia University. We followed guidelines for human experimentation from the 149 

US Department of Health and Human Services.  150 

 151 

Data Collection and Laboratory Procedures 152 

Sociodemographic information and clinical data were collected from pregnant women at the 153 

enrollment visit (13-34 weeks of gestation), at the third trimester visit (for those enrolled in the 154 

second trimester), at delivery and approximately every 3 months post-partum. At each follow-up 155 

visit, women were administered a World Health Organization (WHO) TB symptom screening 156 

questionnaire. Women with a positive WHO symptom screen, unintentional weight loss since last 157 

visit or with clinical findings on examination were further investigated with sputum GeneXpert, acid-158 

fast bacilli test, chest X-ray and abdominal ultrasound. Culture in Lowenstein Jensen (LJ) media and 159 
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liquid Mycobacteria Growth Indicator Tube (MGIT) were performed for further confirmation in 160 

those with positive findings.  161 

Relevant to this analysis, blood was also collected at each visit in heparin tubes and plasma 162 

samples were stored in -80ºC until further use. We conducted single-plex immunoassays on second 163 

and third trimester plasma samples according to the manufacturer’s (R&D Systems, Minneapolis, 164 

MN) directions for soluble CD163 (sCD163), soluble CD14 (sCD14), intestinal fatty acid-binding 165 

protein (I-FABP), C-reactive protein (CRP), alpha 1-acid glycoprotein (AGP) and interferon-β 166 

(IFNβ). The lower and upper detection limitssensitivity of the assays were as follows: 1.6-1000.613 167 

ng/mL for sCD163, 250-16,000125 pg/mL for sCD14, 15.6-1,0006.21 pg/mL for I-FABP, 0.8-500.02 168 

ng/mL for CRP, 3.1-2000.54 ng/mL for AGP and 50-4,00050 pg/mL for IFNβ. Multiplex 169 

immunoassays (Luminex assays from R&D systems) measuring IFNγ, Interleukin (IL)-1β, IL-6, IL-170 

13, IL-17A and TNF were also performed on these samples. The lower and upper detection 171 

limitssensitivity of the assays were as follows: 43.9-10,6900.40 pg/mL for IFNγ, 17.5-4,2600.80 172 

pg/mL for IL-1β, 4.7-1,1501.7 pg/mL for IL-6, 391-95,06036.6 pg/mL for IL-13, 12.9-3,1501.8 173 

pg/mL for IL-17A, and 7.9-1,9301.2 pg/mL for TNF. These markers were chosen based on their 174 

importance to TB, HIV and pregnancy outcomes. For Single-plex immunoassays, SpectraMax plate 175 

readers were used with SofMax Pro 6 software. Luminex xMAP technology MAGPIX platform was 176 

used for multiplex immunoassays with xPONENT software.  177 

 178 

Statistical Analysis 179 

We combined the LTBI+ cohorts (HIV+ and HIV-) and LTBI- cohorts (HIV+ and HIV-) to 180 

study the relationship of LTBI status with second or third trimester inflammatory markers among 220 181 

women with available inflammatory data. Differences in study population characteristics by LTBI 182 

status were determined using Fisher’s exact test for categorical variables and Wilcoxon rank-sum test 183 
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for continuous variables. A p-value less than 0.05 was considered statistically significant and a p-184 

value of less than 0.004 (0.05/12) was considered statistically significant after Bonferroni correction 185 

for multiple comparisons. We also compared median levels of each inflammatory marker, during the 186 

second and third trimester, between LTBI+ and LTBI- pregnant women using the Wilcoxon rank-187 

sum test. Inflammatory markers were log2-transformed for the data to approximate normality.  188 

We conducted univariable and multivariable linear regression to determine the change in 189 

log2concentrations of each inflammatory marker (outcome variable) by change in LTBI status 190 

(exposure variable), with separate cross-sectional analyses for markers measured in second trimester 191 

or third trimester. Multivariable models adjusted for age, mid-upper arm circumference (MUAC), 192 

HIV status, vegetarian diet and gestational diabetes status. We also tested models that further 193 

adjusted for smoking, education or preeclampsia. MUAC at the time of plasma sample collection (i.e. 194 

second or third trimester) was used in multivariable models as it is a more reliable indicator of 195 

nutritional status during pregnancy compared to body mass index. Sub-set analysis was performed 196 

using Wilcoxon rank-sum test to determine whether similar relationships between LTBI status and 197 

inflammatory markers were observed for only HIV-negative populations.  198 

We also conducted an exploratory analysis, using univariable and multivariable logistic 199 

regression analyses, to determine whether third trimester inflammation levels (exposure variable) was 200 

associated with TB progression during pregnancy or post-partum (outcome variable). Progressors 201 

were defined as those who prospectively developed active TB after sample collection in third 202 

trimester and within study follow-up of one-year post-partum. We used STATA software version 203 

15.0 for the data analysis.  204 

 205 

Results: 206 
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 207 

Study Population Characteristics 208 

Our study population of pregnant Indian women (N=220) had a median age of 23 years 209 

(interquartile range (IQR): 21-27) (Table 1). Only 25% had an education of less than secondary 210 

education and 34% had an income below India’s poverty line (monthly income <10,255 Indian 211 

rupees). Around 28% of the women had a mid-upper arm circumference (MUAC) less than 23 cm 212 

(an indicator of undernutrition in pregnancy(Ververs et al., 2013)) and 7% had an MUAC>30.5 cm, 213 

indicative of overweight (Table 1). Most of the women (88%) did not smoke and 12% were 214 

vegetarians. Ten percent had gestational diabetes and 11% had preeclampsia. As this cohort was 215 

stratified by HIV status, 32% of the pregnant women were HIV+ (all on antiretroviral therapy). Study 216 

population characteristics did not differ by LTBI status except for lower proportion of HIV (p-value 217 

<0.001) in LTBI+ women; as mentioned above, this was due to the stratified design of the study. 218 

LTBI+ women also had a lower proportion of gestational diabetes (p=0.08) and less post-high school 219 

education (p=0.09) but these differences were not statistically significant (Table 1).  220 

 221 

Levels of Inflammatory markers by LTBI status 222 

 We compared the median log2-transformed levels of third trimester inflammatory markers by 223 

LTBI status using Wilcoxon-rank sum tests (Figure 1). IL-1β (3.64 vs. 2.25 pg/mL; p=0.0002), TNF 224 

(1.76 vs. 1.54 pg/mL; p=0.004), IL-6 (4.08 vs. 1.25 pg/mL; p<0.0001) and IL-17a (2.48 vs. 2.16 225 

pg/mL; p=0.0001) were significantly higher in LTBI- women compared to LTBI+ women (Figure 226 

1). IFNγ production upon Mtb antigen stimulation is used to define LTBI positivity; of note, IFNγ 227 

was lower (3.63 vs. 3.73 pg/mL; p=0.15) in plasma (i.e. unstimulated samples) of LTBI- women 228 

compared to LTBI+ women, but this association was not statistically significant (Figure 1). Similar 229 
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results were also observed when using log2 concentrations of markers measured in plasma samples 230 

from the second trimester (Supplementary Figure 1). LTBI- women had significantly higher levels 231 

of second trimester AGP, I-FABP, IL-1β, TNF, IL-6 and IL-17a compared to LTBI+ women 232 

(Supplementary Figure 1). LTBI- women also had lower levels of IFNγ compared to LTBI+ 233 

women, although this was not statistically significant (p=0.08) (Supplementary Figure 1).  234 

   235 

Association of inflammation by LTBI status 236 

 Next, we assessed the relationship of third trimester inflammation with LTBI status using 237 

univariable and multivariable linear regression models. LTBI+ women had significantly lower levels 238 

of I-FABP (mean log2 change: -0.41, 95% confidence intervals (CI): -0.78 to -0.04; p=0.03), IL1β 239 

(mean log2 change: -1.03, 95% CI: -1.53 to -0.54; p<0.001), IL-6 (mean log2 change: -1.36, 95% CI: 240 

-1.93 to -0.80; p<0.001) and IL-17a (mean log2 change: -0.34, 95% CI: -0.50 to -0.17; p<0.001) 241 

compared to LTBI- women in univariable models (Figure 2). AGP (mean log2 change: -0.20, 95% 242 

CI: -0.42 to 0.02; p<0.08) and sCD163 (mean log2 change: -0.18, 95% CI: -0.39 to 0.03; p<0.10) was 243 

also lower in LTBI+ women but this relationship was not statistically significant (Figure 2).  244 

 After adjusting for age, third trimester MUAC, HIV status, vegetarian diet, and gestational 245 

diabetes in multivariable models, levels of IL-1β (mean log2 change: -1.15, 95% CI: -1.70 to -0.60; 246 

p<0.001), IL-6 (mean log2 change: -1.22, 95% CI: -1.87 to -0.58; p<0.001) and IL-17a (mean log2 247 

change: -0.39, 95% CI: -0.57 to -0.21; p<0.001), but not I-FABP (mean log2 change: -0.25, 95% CI: -248 

0.67 to 0.15; p=0.22), remained significantly lower in LTBI+ women compared to LTBI- women 249 

(Figure 2). In addition, AGP was also significantly lower in LTBI+ women (mean log2 change: -250 

0.29, 95% CI: -0.54 to -0.04; p=0.02) (Figure 2). After Bonferroni correction to adjust for multiple 251 

comparisons, third trimester IL1β, IL-6 and IL-17a were significantly lower in LTBI+ women in 252 

multivariable models.  253 
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Further adjusting for smoking, education or preeclampsia in multivariable models did not 254 

change the direction or significance of the results. Finally, we also conducted sensitivity analysis to 255 

show that when we limited the analysis only to HIV- subjects, the levels of these inflammatory 256 

markers were still lower in LTBI+ pregnant women compared to LTBI- women (Supplementary 257 

Figure 2), suggesting that HIV was not driving the observed relationships.  258 

 Results using second trimester inflammatory markers instead of third trimester showed 259 

similar associations with LTBI status (Figure 3). In univariable models, LTBI+ pregnant women had 260 

significantly lower levels of AGP, I-FABP, IL1β, TNF, IL-6 and IL-17a compared to LTBI- pregnant 261 

women (Figure 3). In multivariable models, we observed similar results observed in univariable 262 

models with significantly lower levels of the AGP, I-FABP, IL-1β, IL-6, and IL-17a, but not TNF in 263 

LTBI+ compared to LTBI- women (Figure 3). In addition, sCD163 levels were significantly lower 264 

and IFNγ was significantly higher in LTBI+ women compared to LTBI- women (Figure 3). After 265 

Bonferroni correction to adjust for multiple comparisons, second trimester AGP, IL1β, IL-6 and IL-266 

17a were significantly lower in LTBI+ women in multivariable models.  267 

 268 

Inflammatory markers during pregnancy and progression of TB 269 

 We also conducted an exploratory analysis to test whether the systemic immune profile 270 

observed in LTBI+ pregnant women was associated with progression to active TB during pregnancy 271 

or post-partum. In our study, there were nine women, all LTBI+ at study baseline, who progressed to 272 

active TB either during the third trimester of pregnancy (n=1) or post-partum (i.e. within one year of 273 

delivery) (n=8). Given that all of the progressors were LTBI+ women, we present data comparing 274 

progressors and non-progressors only among LTBI+ women. Interestingly, levels of these markers in 275 

LTBI+ progressors, while higher than non-progressor LTBI+ pregnant women, were similar to LTBI- 276 

women (data not shown), suggesting that lower levels of these markers might be protective against 277 
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TB progression in LTBI+ pregnant women. There was a significantly increased odds of progression 278 

per log2 increase in third trimester plasma levels of IL-1β (adjusted odds ratio (aOR): 1.64, 95% CI: 279 

1.05-2.57), IL-6 (aOR: 1.58, 95% CI: 1.05-2.39), and IL-13 (aOR: 2.43, 95% CI: 1.12-5.27) after 280 

adjusting for age, MUAC and HIV status (Figure 4). There was also an increased odds for IL-17a 281 

(aOR: 5.49, 95% CI: 0.84-35.97), but this association was not statistically significant (Figure 4). 282 

Similar results were observed when we limited the analysis only to post-partum progressors (data not 283 

shown).  284 

 285 

Discussion: 286 

In our study of LTBI+ and LTBI- pregnant women from India, LTBI+ women had lower 287 

levels of various pro-inflammatory cytokines such as IL-1β, IL-6 and IL-17a compared to LTBI- 288 

women. In contract, the levels of IFNγ were higher (significant in second trimester) in LTBI+ 289 

women. While increased levels of IFNγ might be related to the use of this cytokine to define IGRA-290 

based LTBI (Pai et al., 2004), the results with the other cytokines were surprising. These findings 291 

suggest that LTBI in pregnancy is characterized by a distinct immune profile with higher levels of 292 

IFNγ but lower levels of other immune markers with known roles in TB disease. Interestingly, 293 

LTBI+ women who progressed to active TB during pregnancy and post-partum did not have this 294 

profile in our exploratory analysis, suggesting the distinct immune profile in LTBI+ pregnant women 295 

might have a protective role against TB progression.  Future larger studies will need to confirm these 296 

findings and determine whether these markers play a causal role and could be used to identify LTBI+ 297 

pregnant women at increased risk for TB progression and a target for preventative therapy.  298 

 LTBI+ pregnant women had significantly increased levels of IFNγ in the second trimester 299 

compared to LTBI- women. While the association was not statistically significant, the IFNγ levels 300 

were also higher for LTBI+ women in the third trimester. In our study, we used the IGRA test, which 301 
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is dependent on IFNγ production (Pai et al., 2004), to define LTBI status; thus it might be expected 302 

IFNγ is higher in LTBI+ women. On the other hand, it should be noted that we measured IFNγ in 303 

plasma samples and it is not obvious that IFNγ levels in circulation should also be higher for LTBI+ 304 

individuals. Our results here do indicate that higher levels of IFNγ are observed in circulation for 305 

LTBI+ pregnant women even without Mtb antigen stimulation. Similar results for IFNγ have also 306 

been observed from plasma samples of non-pregnant LTBI+ adults (Huaman et al., 2016; Huaman et 307 

al., 2018a). While the reasons are not clear, it is possible that despite being a latent infection, there 308 

could be periodic activity of some component (e.g. mRNA, protein) or low-level replication of Mtb 309 

that induces IFNγ production (Huaman et al., 2016). Furthermore, LTBI is thought to be a spectrum 310 

of host-pathogen interactions, with ongoing replication and metabolic activity in certain subsets 311 

while quiescence in other Mtb subsets (Barry et al., 2009; Huaman et al., 2018b).  312 

 Our data showed lower levels of immune markers, especially IL-1β, IL-6, IL-17a and AGP, in 313 

both trimesters, in LTBI+ women compared to LTBI- women. Higher levels of IFNγ can partly 314 

explain the lower levels of these other markers, as studies of Mtb have shown that IFNγ can have 315 

counteractive roles with IL-1β, IL-6 and IL-17a in certain instances (Nandi and Behar, 2011; Dutta et 316 

al., 2012; Eigenbrod et al., 2013). Pregnancy-specific changes in immune profile could also in part 317 

help explain these observations (Mor and Cardenas, 2010). For example, during pregnancy there is 318 

an increase in neutrophil levels (Sacks et al., 1998; Luppi et al., 2002), which have been linked to 319 

lower levels of IL-6 and IL-17 in Mtb infection (Zhang et al., 2009; O'Garra et al., 2013).  320 

Interestingly, in our exploratory analyses, LTBI+ TB progressors had a profile more similar 321 

to LTBI- women, with higher levels of IL-1β, IL-6, IL-13 and IL17a and generally lower levels of 322 

IFNγ compared to LTBI+ non-progressors. These inflammatory markers have been recognized for 323 

their complex role in TB disease where while a deficiency is linked to reduced control of Mtb 324 

infection, excessive levels can result in tissue damage and immunopathology (Martinez Cordero et 325 
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al., 2008; Tadokera et al., 2011; Martinez et al., 2013; O'Garra et al., 2013; Barber et al., 2014; Zhang 326 

et al., 2014; Shen and Chen, 2018) as well as progression to active TB disease in non-pregnant adults 327 

(Manabe et al., 2019). Given the small number of progressors in this study, these findings will need 328 

to be confirmed in other studies with a larger sample size. If these findings are confirmed, this profile 329 

could be used to identify subsets of LTBI+ pregnant women (i.e. those without this profile) at an 330 

increased risk of TB progression and would further support the idea of LTBI as a spectrum where 331 

subgroups of LTBI+ are protected from progression while others are not (Andrews et al., 2012; 332 

Huaman et al., 2018b). In addition, future studies would also need to determine whether this 333 

relationship of the systemic immune profile with TB progression is causal as it could partly explain 334 

the increased risk of Mtb progression during pregnancy and post-partum (Mathad and Gupta, 2012; 335 

Zenner et al., 2012; Jonsson et al., 2020).  336 

Our study has some limitations. We did not have data on inflammation markers from 337 

pregnant women during the first trimester or non-pregnant women. This data would be informative to 338 

understand whether the relationship of these markers with LTBI status was also similar in early 339 

pregnancy compared to later pregnancy, or in pregnant women compared to non-pregnant women. 340 

Regardless, our study did have longitudinal data on inflammatory markers in the second and third 341 

trimester of pregnancy, and showed consistent results with LTBI status in both trimesters that was 342 

robust to adjustments for multiple comparisons. Another limitation of this study is that we only 343 

assessed soluble markers of inflammation. The next steps for this study is to better understand the 344 

cellular sources of these differences by assessing potential differences in immune cell phenotype and 345 

function by LTBI status. The sample size for the analysis of TB progression was limited; while we 346 

were able to detect significant differences in multiple markers, this was an exploratory analysis that 347 

will need to be confirmed in larger studies. Future large studies should also address whether the 348 
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changes in inflammatory markers due to LTBI status impacts the risk of birth and infant health 349 

outcomes.  350 

In summary, we characterize the systemic immune profile in LTBI+ pregnant women 351 

showing higher levels of IFNγ but lower levels of other immune markers compared to LTBI- 352 

pregnant women. These findings describe a circulating cytokine and immune milieu indicating a 353 

distinct immune profile in LTBI+ women. Exploratory analysis suggests that this profile is negatively 354 

associated with TB progression. Future studies should confirm these findings in diverse settings in 355 

order to test the potential causal role along with the utility of this profile to identify women at high 356 

risk for TB progression and who may benefit from preventative therapy.  357 

 358 
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Table 1. Characteristics of the study population (N = 220) 514 
 Overall 

(N=220) 

LTBI+ 

(N=155) 

LTBI- 

(N=65) 

P-
value 

Age median (IQR) 23 (21-27) 23 (21-27) 24 (21-27) 0.51 
Monthly Income 
    ≤ Rs. 10,255 
    > Rs. 10,255 

 
75 (34) 
143 (66) 

 
51 (33) 
103 (67) 

 
24 (38) 
40 (62) 

 
0.54 

Education 
   None to primary  
   Middle school to high school 
   Post-high school  

 
54 (25) 

139 (63) 
27 (12) 

 
40 (26) 

101 (65) 
14 (9) 

 
14 (22) 
38 (58) 
13 (20) 

 
 

0.09 

Mid-upper arm circumference  
    < 23 cm 
    23 – 30.5 cm 
    >30.5 cm 

 
62 (28) 
143 (65) 
15 (7) 

 
48 (31) 
97 (63) 
10 (6) 

 
14 (21) 
46 (71) 

5 (8) 

 
 

0.37 

Smoking status 
    Yes 
    No 

 
26 (12) 
194 (88) 

 
20 (13) 
135 (87) 

 
6 (9) 

59 (91) 

 
0.50 

Preeclampsia 
   Yes 
    No 

 
25 (11) 
195 (89) 

 
18 (12) 
137 (88) 

 
7 (11) 
58 (89) 

 
0.99 

Gestational Diabetes status 
     Yes 
     No 

 
21 (10) 
195 (90) 

 
11 (7) 

141 (93) 

 
10 (16) 
54 (84) 

 
0.08 

HIV 
      Yes 
       No 

 
70 (32) 
150 (68) 

 
31 (20) 
124 (80) 

 
39 (60) 
26 (40) 

 
<0.001 

Legend: Data are presented as number (%) of subjects unless otherwise stated. P-values were 515 
calculated using Fisher’s exact test for categorical variables and Wilcoxon rank-sum for  516 
continuous variables to determine the difference between LTBI+ and LTBI- pregnant women. 517 
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Figure 1: Levels of third trimester inflammation by LTBI status (N=220) 525 

Legend: A) Median and interquartile range (IQR) Log2 levels of markers, measured in the 3rd 526 

trimester is shown for LTBI+ (n=155) and LTBI- (n=65) pregnant women. Wilcoxon rank-sum test 527 

was used to calculate p-values. *p < 0.05, **p < 0.01 and ***p < 0.001. B) Relative fold-change is 528 

shown for each marker by LTBI status. Red bars indicate p-value < 0.05.  529 

 530 

Figure 2: Association of LTBI status with third trimester inflammation (N=220) 531 

Legend: Using linear regression, the mean change in Log2 concentrations of each inflammation 532 

marker and 95% confidence intervals (95% CI) among LTBI+ individuals compared to LTBI- 533 

individuals is shown in the forest plot. Inflammation markers were measured in samples collected at 534 

the third trimester of pregnancy. Multivariate models adjusted for age, mid-upper arm circumference, 535 

HIV status, diet and gestational diabetes status. Only immune markers with a p-value <0.2 in the 536 

univariate model are shown.  537 

 538 

Figure 3: Association of LTBI status with second trimester inflammation (N=187) 539 

Legend: Using linear regression, the mean change in Log2 concentrations of each inflammation 540 

marker and 95% confidence intervals (95% CI) among LTBI+ individuals compared to LTBI- 541 

individuals is shown in the forest plot. Inflammation markers were measured in samples collected at 542 

the second trimester of pregnancy. Multivariate models adjusted for age, mid-upper arm 543 

circumference, HIV status, diet and gestational diabetes status. Only immune markers with a p-value 544 

<0.2 in the univariate model are shown.  545 

 546 

Provisional



  Running Title 

 
23 

Figure 4: Association of third trimester inflammation markers with TB progression (N=155; 9 547 

progressors)  548 

Legend: Using logistic regression, the odds ratio and 95% confidence intervals (95% CI) of TB 549 

progression per log2 increase in each inflammation marker among LTBI+ pregnant women is shown 550 

in the forest plot. Progressors were defined as those who developed TB either during the third 551 

trimester of pregnancy (n=1) or up to one year post-partum (n=8). Inflammation markers were 552 

measured in samples collected at the third trimester of pregnancy. Multivariable models adjusted for 553 

age, mid-upper arm circumference and HIV status. Only immune markers with a p-value <0.2 in the 554 

univariate model are shown.  555 
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Supplementary Figure 1: Levels of second trimester inflammation by LTBI status (N=187) 

Legend: A) Median and interquartile range (IQR) Log2 levels of markers, measured in the 2nd 

trimester is shown for LTBI+ (n=124) and LTBI- (n=58) pregnant women. Wilcoxon rank-sum test 

was used to calculate p-values. *p < 0.05, **p < 0.01 and ***p < 0.001. B) Relative fold-change is 

shown for each marker by LTBI status. Red bars indicate p-value < 0.05. 
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Supplementary Figure 2: Levels of Inflammation by LTBI status in HIV- women in 3rd 

trimester (N=139) 

Legend: A) Median and interquartile range (IQR) Log2 levels of markers, measured in the 3rd 

trimester is shown for HIV- pregnant women with (n=124) and without (n=58) LTBI. Wilcoxon 

rank-sum test was used to calculate p-values. *p < 0.05, **p < 0.01 and ***p < 0.001. B) Relative 

fold-change is shown for each marker by LTBI status. Red bars indicate p-value < 0.05.  
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