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Abstract

Background
The substantial burden of subclinical Mycobacterium tuberculosis (Mtb) infection continues to be a key reservoir
and driver of the tuberculosis (TB) epidemic, particularly in countries with high TB and HIV prevalence. Fluctuations
in IFN-γ release assay (IGRA) status (conversion and reversion) undermine precise estimates of the subclinical TB
reservoir and hinder efforts to control transmission and progression to active disease. In this study, we assessed
differences in the level of pro-inflammatory and anti-inflammatory cytokines between converters and non-converters,
as well as between reverters and non-reverters.

Methods
We retrieved stored unstimulated plasma samples of 72 participants (Healthcare Workers) from selected healthcare
facilities in North-central Nigeria. Samples were categorized into four groups based on two longitudinal IGRA (QFT-
Plus) results at month 0 (M0) and month 18 (M18): non-converters (M0- and M18-); converters (M0- and M18+), non-
reverters (M0 + and M18+); and reverters (M0 + and M18-). The samples were analyzed for the concentrations of 18
cytokines using the Luminex® technology platform. Median differences in the concentrations of cytokine between
converters and non-converters, reverters and non reverters were then assessed using the Mann-Whitney test.

Results
We observed that the median level of three plasma cytokines (MIF (p-value = 0.067), IL2 (p-value = 0.055), and IL5 (p-
value = 0.055)) were significantly different between converters and non-converters, while the median level of two
plasma cytokines (IL1β (0.0547) and IL13 (0.0758)) were significantly different between reverters and non-reverters.

Conclusion
Although preliminary, this study provides foundational findings linking the potential role of cytokines as biomarkers
that may be associated with IGRA conversion and reversion. Future studies will look to establish the utility of these
cytokines as biomarkers for subclinical TB.

INTRODUCTION
Tuberculosis (TB) continues to be a major public health challenge globally, with approximately 10.6 million new
cases and 1.6 million deaths reported in 2024, with developing countries bearing the highest burden (1). The World
Health Organization (WHO) reported an estimated 1.7 billion individuals infected with Latent Tuberculosis Infection
(LTBI), constituting approximately a quarter of the world's population exposed to Mycobacterium tuberculosis (Mtb)
(2), the acid-fast bacillus that causes TB. Among those with the latent infection, about 90% will not display any
clinical symptoms of TB, while 5 to 10% of this population may likely advance to the active disease stage during their
lifetime if left untreated(1). Efforts to curb the global health burden caused by TB has focused majorly on the
development of novel therapeutics(3, 4), vaccines(5–8) and diagnostics(9, 10). However, the successful eradication
of TB requires a joint approach focusing on both developing novel biomedical tools and public health interventions
targeting the subclinical TB population.
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TB was recently redefined to be a continuous spectrum between active TB with lesional burden to cleared infection
with little to no risk of developing disease(11). Between the extreme ends of this spectrum lies the subclinical
population that are indeed infected but do not show any clinical signs(11). Recent studies have shown that this
subclinical population may also contribute to disease transmission, making the diagnosis and treatment of this
population a priority for the eradication of TB(12). The strategic targeting of this subclinical population for
interventions required an accurate estimation of this subclinical status. However, this has been marred by
inconsistencies, specifically conversion and reversion observed during serial IGRA testing for subclinical TB(13–15).
This lack of consistency in IGRA testing has made the identification of subclinical TB cases difficult and the
development of additional diagnostic biomarkers a priority.

Cytokines play an important role during infection by modulating immune responses. For example, IFN-γ released by
activated T-cells during Mtb infection is essential to induce the control of the bacilli by macrophages(16, 17). Other
pro-inflammatory cytokines such as tumor necrosis factor (TNF)-α, interleukin (IL)-1β, IL-12 p40, IL-2 also play a
protective role during Mtb infection(18). Although protective at the regulated levels, the overexpression of these
cytokines may also contribute to worsened disease prognosis. For instance, IFN-γ overproduction has been linked to
reactivation of latent tuberculosis infection(19). Converse to the protective role of IFN-γ, type 1 interferons, which
include IFN-α2, may worsen infection and antagonize the protection rendered by IFN-γ(16). Anti-inflammatory
cytokines such as IL-4, IL-10, and IL-13 also play an important role during Mtb infection by providing a balance in the
inflammatory response(18). Chemokines that guide the migration of immune cells to the site of infection also play a
significant role in early innate-driven protection and the formation of granuloma(20). Given the role of cytokines and
chemokines during Mtb infection, differences in their abundance in biological samples may inform infection state
and risk of progression.

In a previous study from our group, we observed IGRA conversion and reversion among healthcare workers (HCWs).
Similar patterns have been reported in other cohorts(14), suggesting that IGRA results can fluctuate over time.
However, the biological drivers of these changes remain incompletely understood. Reversion of Mtb infection status
runs counter to basic immunological principles. It is assumed that exposure to Mtb should induce a long-lasting
immune memory, which can be detected using IGRA-based assays that induce a response upon re-exposure to Mtb-
derived antigens (21, 22). However, this scenario does not seem to be the case as reversion of infection status is a
highly common phenomenon(14, 23). Although reversion of Mtb infection has been documented since 1913, its
immunological basis remains poorly defined(23). Cytokines and chemokines marshal and modulate the immune
response and may influence the direction of infection upon exposure (18). We therefore conducted a pilot study
among healthcare workers (HCWs) in North-central Nigeria, to examine cytokine signatures associated with
conversion and reversion of IGRA-based TB screening. We measured concentrations of 18 cytokines and
chemokines in unstimulated blood from converters, non-converters, reverters, and non-reverters, defined by serial
IGRA screening at baseline and again 18 months after the initial test. Comparing the cytokine levels, we observed
differences between converters and non-converters (IL-2, p = 0.055; IL-5, p = 0.055), and between reverters and non-
reverters (IL-1β, p = 0.0547; IL-13, p = 0.0758). We also observed an association between occupational risk factors
such as working in the HIV clinic and knowledge of tuberculosis infection control and IGRA conversion. Overall, our
findings are consistent with a potential role for occupational exposures in shaping Mtb infection status and indicate
that selected cytokines may warrant further evaluation as candidate biomarkers of IGRA conversion and reversion.

MATERIALS AND METHODS

Study design and location
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The samples used for this study is a subset from a previous perspective cohort study (24, 25). The parent study was
conducted in selected healthcare facilities in North-central Nigeria between December 2019 and April 2021. The
main goal of the parent study was to determine the prevalence and risk factors for LTBI among HCWs in this region.
HCWs from the selected facilities were screened for LTBI at baseline (M0), month 6 (M6), month 12 (M12) and
month (M24), using the IGRA based QFT-Plus kit. Information on sociodemographic, clinical history, occupational
and non-occupational exposure were collected for each participant. In the parent study, 45% of the 1043 participants
reported a positive IGRA at baseline (24). For this pilot study, participants were selected based on the result of the
serial QFT-Plus kit. We examined the cytokine and chemokine profile of four groups of individuals at two timepoints,
18 months apart: converters (negative to positive), reverters (positive to negative), non-converters (negative at both
time points) and non-reverters (positive at both time points). For profiling, we measured the abundance of 18
cytokines and chemokines using the Luminex® technology. Conversion was defined as the development of new
immunological reactivity following a previous negative IGRA and increase in IFN-γ responses while reversion was
defined as a previously positive IGRA becoming negative upon repeat testing and decrease in IFN-γ responses over
an 18-month period. The cutoff for positive and negative IGRA results were determined according to QFT-Plus kit
manufacturers instruction with positive QFT-Plus being an IFN-γ ≥ 0.35 IU/mL and negative QFT-Plus being an IFN-γ 
< 0.35 IU/mL.

Eligibility criteria
For the parent study, HCWs according to the WHO criteria employed at the selected study sites were eligible for the
study. Only HCWs that were 18 years or older and that provided informed consent to participate were included.
HCWs with a known diagnosis of HIV infection, TB infection or having a household member with TB, and those on TB
preventative therapy were excluded from the parent study.

Sample Size
Given that this was a pilot study, stored samples of study participants were itemized if they met the selection criteria
for the sub study described earlier. Thus, of the 215 participants who met our eligibility criteria for the sub study,
stored samples of 72 participants were randomly selected and categorized as non-reverters (M0 + and M18+),
reverters (M0 + and M18-), non-converters (M0- and M18-) and converters (M0- and M18+) based on the IGRA
results.

Sample collection procedure
At enrollment and follow-up visits, venipuncture whole blood was collected into two separate 5 mL lithium heparin
tubes for QFT-Plus ELISA and Luminex analysis. For QFT-Plus ELISA, 1mL each of the heparinized whole blood from
tube-1 was sub-aliquoted into each of the four QFT-Plus collection tubes (Nil, TB1, TB2, Mitogen), and subsequently
mixed 10 times by inversion for antigen stimulation. Tubes were incubated upright at 37°C for 16–24 hours, aiming
at 18 hours of incubation within 3 hours of collection. After incubation, samples were centrifuged at 3000rpm for 15
minutes, and plasma samples were harvested from each tube into separate labelled cryovial tubes and were
subsequently stored at 2–8°C until ELISA was performed. For Luminex assay, heparinized blood from tube-2 was
centrifuged and separated into plasma aliquots and stored at -80°C freezer at I-HAB until Luminex assay was
performed.
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Immunoassay

QFT-Plus ELISA
For ELISA, all reagents and plasma samples were brought to room temperature, and 50 µl of standards, controls, and
each stimulated plasma sample was added to designated wells of the microplate pre-coated with IFN-γ antibody.
Then, 50 µl of enzyme conjugate was added to each well, the plate was covered and incubated at room temperature
for 2 hours. Wells were washed six times with the provided wash buffer, 100 µl of enzyme substrate solution was
added, shaken, and incubated in the dark for 30 minutes, after which 50 µl of stop solution was added to each well
and was read at 450 nm wavelength within 5 minutes. IFN-γ concentrations (IU/ml) were calculated using QFT
software as provided by Qiagen.

Luminex procedure
The stored unstimulated plasma samples were retrieved for four groups of HCWs categorized based on their serial
screening for LTBI at baseline (M0) and month 18 (M18) using QFT-plus test kits as previously described in the
eligibility criteria. Plasma cytokine at M18 was tested for the following 18 cytokines and chemokines: Interferon
(IFN)-α2, IFNγ, interleukin (IL)-1β, IL-2, IL-3, IL-5, IL-8, IL-12 (p40), IL-13, IFNγ-inducible protein (IP-10), Monokine
induced by gamma (MIG/CXCL9), Tumor Necrosis Factor (TNF)-α, TNFβ, Stem cell factor (SCF), Leukemia Inhibitory
Factor (LIF), TNF-related apoptosis-inducing ligand (TRAIL), Nerve Growth Factor (NGF), Macrophage Migration
Inhibitory Factor (MIF) (26). Stored plasma samples were retrieved from − 80°C and allowed to thaw at room
temperature, and further centrifuged at 10,000rpm for 10 minutes at 4°C to remove any residual debris. Multiplex
bead assays were performed using Luminex® technology with four panels: Human Cytokine/Chemokine/Growth
Factor Panel A, Human Cytokine/Chemokine Panel II, Adipokine Magnetic Bead II Assay, and Human Sepsis Panel I,
following the manufacturer’s protocol.

Briefly, 25 µl of each plasma sample was added per well in a 96-well microplate containing magnetic beads that
were re-coated with capture antibodies specific to each analyte, followed by incubation with shaking at room
temperature for 2 hours. Plates were then washed using a magnetic plate washer, and 25 µl of biotinylated detection
antibodies were added to each well and incubated with shaking for 1 hour. Subsequently, 25 µl of streptavidin-
phycoerythrin (SA-PE) was added and incubated for 30 minutes to allow signal detection (27). After final washes and
resuspension in 150 µl of assay buffer, plates were read on the MAGPIX® system, and data were analyzed using a
five-parameter logistic (5-PL) standard curve generated for each analyte on MyAssays.com to determine cytokine
concentrations in pg/ml (28).

Statistical analysis
A non-parametric test was employed to compare the median differences in cytokine concentrations between the
different groups using the Mann-Whitney U test. All statistical analyses were performed using Stata version 18.0
(StataCorp LLC, College Station, TX, USA). Hypothesis tests were two-tailed and performed at a 5% alpha level (29).

Ethical consideration
The study was carried out per the tenets of the Declaration of Helsinki as cited by the General Assembly of the World
Medical Association (30). Upon ethics approval from the National Health Research Ethics Committee (NHREC), an
Informed Consent (IC) was obtained from consenting participants for enrolment, and each participant was assigned
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a unique de-identified code to ensure privacy and confidentiality. All study data were encrypted to maintain the
research data protection policy (31). Participation in the study was completely voluntary and at no cost to the
consenting participants.

RESULTS

Sociodemographic attributes of participants
Table 1 provides the sociodemographic data of selected participants broken down based on conversion and
reversion between M0 and M18 for 72 participants selected from the parent study. 33.33% and 11.11% of the 72
participants were non-converters and converters respectively, while 20.83% and 34.72% were non-reverters and
reverters respectively. Majority of the participants were above 35 years (63.9%) with the overall mean age of 38
years. In terms of educational status, majority (72.2%) had tertiary education, 16.7% had a form of secondary/post-
secondary education while 9.7% attained only primary education. Participants predominantly resided in densely
populated areas (45.8%), while 38.9% and 15.3% resided in moderately populated and sparsely populated areas
respectively. Interestingly, none of the socioeconomic factors captured in the sociodemographic data was
significantly associated with conversion or reversion.
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Table 1
Socioeconomic risk factors stratified by QFT serial test results

  Conversion group Reversion group  

Variables Non
converters
n(%)

Converters
n(%)

p-
value

Non
reverters
n(%)

Reverters
n(%)

p-
value

Overall
n(%)

24(33.33) 8(11.11)   15(20.83) 25(34.72)    

Age [media(IQR)] 40(16.50) 38(15.00) 0.10 37(18.00) 38(11.00) 0.36 38(16.00)

Age_group     0.10     0.19  

0–34 14(87.50%) 2(12.50%)   2(20.00%) 8(80.00%)   26(36.10%)

35+ 10(62.50%) 6(37.50%)   13(43.30%) 17(56.70%)   46(63.90%)

Sex     0.22     0.67  

Female 12(66.70%) 6(33.30%)   10(40.00%) 15(60.00%)   43(59.70%)

Male 12(85.70%) 2(14.30%)   5(33.30%) 10(66.70%)   29(40.30%)

Education     0.24     0.33  

No education 0(0.00%) 0(0.00%)   0(0.00%) 1(100.00%)   1(1.40%)

Primary 2(100.00%) 0(0.00%)   1(20.00%) 4(80.00%)   7(9.70%)

Secondary/post-
secondary school

3(50.00%) 3(50.00%)   4(66.70%) 2(33.30%)   12(16.70%)

Tertiary/postgraduate 19(79.20%) 5(20.80%)   10(35.70%) 18(64.30%)   52(72.20%)

Religion     0.22     0.28  

Christian 20(71.40%) 8(28.60%)   13(41.90%) 18(58.10%)   59(81.90%)

Islam 4(100.00%) 0(0.00%)   2(22.20%) 7(77.80%)   13(18.10%)

Marital     0.82     0.29  

Married 17(73.90%) 6(26.10%)   13(43.30%) 17(56.70%)   53(73.60%)

Single 7(77.80%) 2(22.20%)   2(28.60%) 5(71.40%)   16(22.20%)

Widowed 0(0.00%) 0(0.00%)   0(0.00%) 3(100.00%)   3(4.20%)

Residence     0.46     0.11  

Densely populated 9(64.30%) 5(35.70%)   9(47.40%) 10(52.60%)   33(45.80%)

moderately populated 11(84.60%) 2(15.40%)   6(40.00%) 9(60.00%)   28(38.90%)

sparsely populated 4(80.00%) 1(20.00%)   0(0.00%) 6(100.00%)   11(15.30%)

Biomass cooking fuel     0.29     0.8  

No 13(68.40%) 6(31.60%)   9(36.00%) 16(64.00%)   44(61.10%)

Yes 11(84.60%) 2(15.40%)   6(40.00%) 9(60.00%)   28(38.90%)
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  Conversion group Reversion group  

toilet     0.39     0.38  

Aqua privy 0(0.00%) 0(0.00%)   0(0.00%) 3(100.00%)   5(6.90%)

Pit toilet 1(50.00%) 1(50.00%)   2(40.00%) 3(60.00%)   5(6.90%)

water cistern 23(76.70%) 7(23.30%)   13(40.60%) 19(59.40%)   62(86.10%)

Clinical history and risk factors
We assessed the occupational and behavioral factors associated with IGRA conversion and reversion (Table 2). For
the professional roles of selected participants, 51.4% were clinical staff, indicating a balance between clinical and
non-clinical staff selected for the study. Most participants (72.2%) had previously worked in an HIV clinic, and 33.3%
were working at an HIV clinic at the time of enrollment and follow-up. 63.9% of participants reported to have
received the BCG vaccine. In terms of behavioral risks factors, most of the selected participants reported non-
consumption of alcohol (80.6%) and cigarette (97.2%).
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Table 2
Occupational and behavioral risk factors stratified by QFT serial test results

  Conversion Group Reversion Group  

Non
converters
n(%)

Converters
n(%)

p-
value

Non-
reverters
n(%)

Reverters
n(%)

p-
value

Overall
n(%)

Employment
category

    0.10     0.46  

Clinical 14(87.50%) 2(12.50%)   9(42.90%) 12(57.10%)   37(51.40%)

Non-clinical 10(62.50%) 6(37.50%)   6(31.60%) 13(68.40%)   35(48.60%)

Previously
worked in the
HIV Centre.

    0.19     0.57  

No 15(68.20%) 7(31.80%)   12(40.00%) 18(60.00%)   52(72.20%)

Yes 9(90.00%) 1(10.00%)   3(30.00%) 7(70.00%)   20(27.80%)

Currently
working in the
HIV Centre.

    0.03     0.06  

No 14(63.60%) 8(36.40%)   7(26.90%) 19(73.10%)   48(66.70%)

Yes 10(100.00%) 0(0.00%)   8(57.10%) 6(42.90%)   24(33.30%)

BCG_Vaccine     0.27     0.54  

No 5(55.50%) 4(45.50%)   5(29.4%) 12(70.60%)   26(36.10%)

Yes 19(82.60%) 4(17.40%)   10(43.50%) 13(56.50%)   46(63.90%)

TST_test     0.73     0.71  

No 22(75.90%) 7(24.10%)   14(36.80%) 24(63.20%)   67(93.10%)

Yes 2(66.70%) 1(33.30%)   1(50.00%) 1(50.00%)   5(6.90%)

The facility
actively screens
for TB.

    0.40     0.75  

No 22(73.30%) 8(26.70%)   12(36.40%) 21(63.60%)   63(87.50%)

Yes 2(100.00%) 0(0.00%)   3(42.90%) 4(57.10%)   9(12.50%)

*Facemask, n = 
47

    0.85     0.99  

No 11(78.60%) 3(21.40%)   8(36.40%) 14(63.60%)   36(50.00%)

Yes 4(66.70%) 2(33.30%)   2(40.00%) 3(60.00%)   11(15.30%)

Handwash     0.38     0.42  

Always 12(80.00%) 3(20.00%)   7(36.80%) 12(63.20%)   34(47.20%)

Never 0(0.00%) 0(0.00%)   1(100.00%) 0(0.00%)   1(1.40%)
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  Conversion Group Reversion Group  

Non
converters
n(%)

Converters
n(%)

p-
value

Non-
reverters
n(%)

Reverters
n(%)

p-
value

Overall
n(%)

Often 3(100.00%) 0(0.00%)   2(66.70%) 1(33.30%)   6(8.30%)

Rarely 4(80.00%) 1(20.00%)   1(16.70%) 5(83.30%)   11(15.30%)

Sometimes 5(55.60%) 4(44.40%)   4(36.40%) 7(63.60%)   20(27.80%)

Alcohol     0.08     0.24  

No 17(68.00%) 8(32.00%)   11(33.30%) 22(66.70%)   58(80.60%)

Yes 7(100.00%) 0(0.00%)   4(57.10%) 3(42.90%)   14(19.40%)

Smoking     0.56     0.28  

Ex-smoker of
cigarettes

0 (0.00%) 0 (0.00%)   2 (66.70%) 1 (33.30%)   3(4.20%)

Non-smoker of
cigarettes

23 (74.20%) 8 (25.80%)   24 (64.9%) 13
(35.10%)

  68(94.40%)

Occasional
smoker

1(100.00%) 0(0.00%)   0 (0.00%) 0 (0.00%)   1(1.40%)

Facility TB
control program

    0.04     0.33  

No 13(65.00%) 7(35.00%)   8(50.00%) 8(50.00%)   36(50.00%)

Yes 11(91.70%) 1(8.30%)   7(29.20%) 17(70.80%)   36(50.00%)

Cigarette
frequent
smoking

    0.26     0.13  

No 24(75.00%) 8(25.00%)   13(34.20%) 25(65.80%)   70(97.20%)

Yes 0(0.00%) 0(0.00%)   2(100.00%) 0(0.00%)   2(2.78%)

We observed evidence of an association between currently working in HIV clinic and being in the conversion or non-
conversion group (p-value = 0.028). Hence, higher proportions of converter (36.4%) were not currently working in the
HIV clinics compared to those in the HIV clinics (0%). We also observed an association between conversion status
(conversion vs non-conversion) and the awareness of a TB infection control program at the participants’ source
facility. (p-value = 0.040). Thus, higher proportions of converters (35%) were unaware of TB infection control program
in their health facility compared those who were aware (8.3%)

Cytokine profiling of HCWs across conversion and reversion
categories
To assess the relationship between the levels of selected cytokines and chemokines and IGRA conversion and
reversion, we compared the median cytokine concentration between converters and non-converters as well as
reverters and non-reverters at month 18 of the study (Table 3). A total of 72 samples (month 18) were retrieved for
HCWs across the 14 health facilities from the parent study. Among the 18 cytokines profiled, we observed a
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statistically significant difference in the median concentration (p-value < 0.1) for MIF, IL1β, IL2, IL5, and IL13. MIF, IL2
and IL5 were significantly different between converters and non-converters with MIF and IL5 being higher in non-
converters and IL2 being higher in the converters. For the comparison between reverters and non-reverters, IL1β was
significantly higher in the non-reverters while IL13 was significantly higher in the reverters. Although we expected a
difference in IFNα2 and IFNγ between the groups, their levels were similar across all the groups due to their
concentration being below the limit of detection for our assay.
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Table 3
Cytokines expression level following conversion and reversion for healthcare workers

  Conversion group Reversion group

Variable Non-converters
n(%)

Converters n (%) P-
value

Non-reverters
n (%)

Reverters n (%) P-
value

24 (33.33) 8 (11.11)   15 (20.83) 25 (34.72)  

IFNα2, median
(IQR)

13.03 (13.03–
13.03)

13.03 (13.03–
13.03)

1.00 13.03 (13.03–
13.03)

13.03 (13.03–
13.03)

1.00

MIF, median
(IQR)

159.79 (98.11–
1302.46)

98.11(98.11–
401.51)

0.07 116.32
(98.11–
393.48)

146.6 (98.11–
881.43)

 

IFN-γ, median
(IQR)

1.7 (1.70–6.67) 1.7 (1.70–4.70) 0.98 1.7 (1.70–
2.83)

1.7 (1.70–
7.03)

0.37

IL1β. median
(IQR)

2.67 (2.13–121.6) 9.04 (2.13–
2272.20)

0.14 4.41 (2.13–
49.85)

2.13(2.13–
12.60)

0.05

IL2, median
(IQR)

0.65 (0.65–2.56) 0.97 (0.65–1.31) 0.06 0.65 (0.65–
2.56)

0.65 (0.65–
6.55)

0.83

IL3, median
(IQR)

1.7 (1.70–1.70) 1.7 (1.70–1.70) 1.00 1.7 (1.70–
1.70)

1.7 (1.70–
3.66)

0.44

IL5, median
(IQR)

1.09 (0.42–5.70) 0.90 (0.47–
12.99)

0.06 1.39 (0.42–
7.15)

0.90 (0.42–
3.60)

0.53

IL8, median
(IQR)

5.44 (5.44–
5831.09)

32.17 (5.44–
12229.94)

0.22 5.44 (5.44–
11166.00)

5.44 (5.44–
4873.00)

0.53

IL12p40,
median (IQR)

9.24 (5.38–40.11) 21.25 (3.60–
166.21)

0.41 18.47 (5.50–
524.71)

10.28 (5.49–
106.31)

0.10

IL13, median
(IQR)

8.75 (8.75–91.90) 19.24 (8.75–
66.09)

0.51 8.75 (8.75–
524.00)

8.75 (8.75–
698.67)

0.08

MIGCXCL9,
Median (IQR)

730.1(50.02–
17026.24)

630.63 (366.11–
13772.00)

0.93 1060.32
(402.99–
2465.61)

988.88
(382.46–
5287.04)

0.94

TNFα, median
(IQR)

15.12 (5.94–
6991.04)

36.07 (5.94–
15951.04)

0.11 26.8 (5.94–
3846.08)

10.99 (5.94–
902.15)

0.19

TNFβ, median
(IQR)

2.08 (1.34–26.88) 2.19 (1.34–
31.36)

0.75 1.34 (1.34–
76.80)

1.34 (1.34–
23.68)

0.18

SCF, median
(IQR)

14.46 3.11 3.11
3.11 3.11–57.24 )

13.55 (3.11–
57.78)

0.57 13.11 (3.11–
29.45)

8.85 (3.11–
217.00)

0.96

LIF, median
(IQR)

1.22 (1.22–5.55) 1.22 (1.22–2.61) 0.75 1.22 (1.22–
8.10)

1.22 (1.22–
18.54)

0.47

TRAIL, median
(IQR)

59.4 (34.16–
197.54)

73.58 (43.82–
95.36)

0.14 55.65 (20.86–
120.45)

57.0 (38.64–
95.04)

0.97

NGF, median
(IQR)

0.44 (0.44–0.53) 0.44 (0.44–0.44) 0.57 0.44 (0.44–
0.69)

0.44 (0.44–
0.65)

0.68
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DISCUSSION
The eradication of TB requires a multipronged strategy that couples biomedical innovation and implementation of
strengthened public health measures. Recently, the disease burden posed by subclinical TB has been recognized as
a severe limiting factor towards achieving the goals of the WHO's End TB Strategy(32). Currently, the diagnosis of
subclinical TB relies on TST-based and IGRA-based tests(21, 22). Unfortunately, both tests have been recognized to
have significant drawbacks. In the case of Tuberculin Skin Test (TST)-based tests, its cross reactivity with BCG
vaccination makes it undeployable in highly endemic regions where BCG vaccine are part of the routine vaccine
regimen(22, 33). For IGRA-based, there has been reports of reversion from positive to negative which impacts our
ability to accurately determine the prevalence of subclinical TB(14, 23). This instability in TB infection status also
impacts the effective implementation of public health strategies to reduce the burden of subclinical TB(12). Optimal
implementation of public health strategies also requires an in-depth understanding of the risk factors associated
with subclinical TB. One of such risk factors includes occupational exposure. HCWs have an increased risk of
becoming infected with TB(34). However, public policies and strategies aimed at reducing TB risk among HCWs
remain limited(35, 36).

In this study, we examined the effect of socio-economic, behavioral and occupational risk factors on the stability of
IGRA-defined TB infection status using retrospectively collected sociodemographic, clinical and occupational data
from a prior cohort(25). Previous studies have shown strong links between factors such as income, education
status, alcohol intake, smoking and residency and increased risk of TB infection, poor treatment outcome and poor
health seeking behavior(24, 34, 37, 38). Importantly, occupational risk specifically for HCWs has been shown to
increase the likelihood of infection two to three times that of the general population(25, 34). In this population, we
sought to identify if similar risk factors also contribute to the stability of IGRA-defined TB infection status. We
observed significant association between working in a HIV clinic (p-value = 0.03) and the presence of infection
control strategies (p-value = 0.04) to conversion over an 18-month duration. Interestingly, all the converters in this
study worked outside the HIV clinic. It is possible that workers in the HIV clinic are more cautious with the use of
personal protective equipment which reduces the risk of TB infection. For facility-wide TB infection control, most of
the converters were in facilities without a control program indicating the importance of such strategies to reduce the
likelihood of TB infection. Converse to what we observed for these two occupational risks, we did not observe any
significant association between change in infection status and well-known risk factors such as residence, level of
education, BCG vaccine status, use of personal protective equipment, smoking and alcohol drinking habits. This
result may reflect selection-related skewing of our study population, as we primarily drew participants from a subset
of HCWs in the parent study. This is particularly relevant because, in the parent cohort, we observed significant
associations between QFT positivity and age as well as residency(24, 25).

We also assessed the level of pro-inflammatory and anti-inflammatory cytokines and chemokines upon reversion
and conversion. Several studies have shown that cytokine and chemokine profiles can recapitulate the stratification
of individuals according to TB infection status, including distinctions between uninfected, latent TB infection, and
active TB(18, 33, 39–41). One study showed a higher level of TNF-α, IFN-γ, IL-6, IP-10, and MIP-1β in the plasma
samples of TB patients in comparison to infected individuals(39). Another study showed that a combination of six to
seven cytokines and chemokines which included MCP-1, LIF, IL-2, IL12-p40, IFN-γ, MIF, TRAIL, IL-2Ra and PDGF could
be used to accurately predict the infection status of individuals(42). These findings provided a basis for the potential
use of cytokines as biomarkers. In our study, we observed a decrease in MIF and IL5 and an increase in IL2 upon
conversion to IGRA-positive. MIF, a proinflammatory chemokine has been shown to be involved in modulating the
innate immune response(43). MIF has also been shown to have therapeutic and prognostic potential for active TB
cases(43–45). MIF was shown to be higher in patients with advanced and drug-resistant disease in comparison to
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mild-to-moderate and drug sensitive disease(45). However, a comparison to uninfected individuals were not made in
this study. Given the pro-inflammatory role of MIF, we may hypothesize that the reduced level observed in IGRA
conversion may indicate a loss of innate control of Mtb. IL5, a Th2 cytokine, is involved in humoral immunity(46).
Previous studies have linked an increase in Th2 response to reduced protection from tuberculosis(47). Converse to
this finding, exposure of cells to Mtb led to a decrease in IL5(48). Although the reduced level of IL5 opposes what we
should observe for Th2 cytokines upon conversion, this change may be a part of a more complex immune response
to TB infection and cannot be used to determine the complete profile of Th2 cytokines. Unlike IL5, IL2 is part of the
Th1 cytokines which are deemed important for the control of TB infection(46). Similar to IFN-γ, the production of IL2
increases during active TB(49). In fact, IL2 has been shown to possess compelling diagnostic potential improving
the ability to diagnose both latent and active TB cases when used in combination with IGRA(49, 50). Our observation
of an increase in IL2 upon conversion concurs with previous studies and builds a strong case for its use as a
diagnostic biomarker(49, 50). Comparing the cytokine profile between reverters and non-reverters, we observed a
decrease in IL1β and an increase in IL13 upon reversion. IL1β plays an important protective role during TB infection
by recruiting antimicrobial effector molecules and by inducing a reprogramming of immune cells towards an
antimycobacterial profile(51). The inhibition of IL1β production severely impacts the ability to control Mtb
infection(52). In the context of our study, the reduction in IL1β level upon reversion may portend the resolution of TB
infection and relaxation of the immune response towards Mtb. Similar to IL5, IL13 is also a Th2 cytokine and
considered an anti-inflammatory cytokine that polarizes macrophages towards the unprotective M2 macrophage
phenotype(46, 53). Counterintuitive to the anti-inflammatory role of IL13, it has been shown to play a protective role
during Mtb infection likely through providing a counterbalance to pro-inflammatory signals(54). Increase in IL13
upon reversion may indicate the assumption of an anti-inflammatory response post TB clearance.

The immune response is highly complex and a causal role of the highlighted cytokines and chemokines in this study
for conversion and reversion cannot be made. However, these findings serve as a starting point for further studies to
understand their role in the stability of TB status. Further evaluation of their immunomodulatory and biomarker roles
will be important to determine the clinical relevance of our findings.

Limitations of the study
One limitation of this study is the relatively small sample size of 72 participants. Larger and well-powered cohorts
are needed to confirm the associations observed. Another point worth mentioning was our inability to detect any
significant difference in the levels of IFNα2 and IFN-γ between groups. It is possible that our collection and storage
conditions may have depleted these important cytokines below the limit of detection of the assay employed. A
further limitation of the study is the potential temporal variability in cytokine levels. Given the cross-sectional design
of the study, the observed differences or absence of differences may be influenced by variability in the timing of
cytokine peaks and decay across participants. Future studies will look to adopt longitudinal design to address this
limitation.

Conclusion
In conclusion, we identified cytokines and chemokines associated with conversion (MIF, IL5 and IL2) and reversion
(IL1β and IL13). Our eventual goal will be to validate these findings using a more balanced and larger cohort.
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