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Background: The population with latent tuberculosis infection (LTBI) represents a potential pool of patients with active tuberculosis
(ATB). T-SPOT.TB is an important test tool for screening LTBI. Owing to the large population of LTBI patients in China, it is
necessary to identify a high-risk group for LTBI and enlarge tuberculosis preventive treatment (TPT) to reduce the incidence of ATB.
Methods: Hospitalized patients with positive T-SPOT.TB results were recruited from January 2013 to December 2016. Patients with
ATB were excluded. Basic information was collected and the development of ATBs was examined during follow-up. The life-table
method was used to calculate cumulative incidence rates. Potential risk factors were analyzed through Cox regression analysis.
Results: A total of 1680 patients with LTBI were recruited in the follow-up cohort, and 377 (22.44%) patients dropped out. With
a median follow-up time of 81 months [interquartile range (IQR):61-93], 19 of 1303 patients with LTBI developed ATB. The 1-year
incidence of ATB was 614 per 100,000 individuals [95%confidence interval (95% CI):584—644]. Over 5-year period, the cumulative
incidence of ATB was 1496 per 100,000 [95% CI:1430-1570], and the incidence density was 240 per 100,000 person-years[95%
CI:144-375]. In the Cox regression model, exposure of pulmonary tuberculosis (PTB) [adjusted hazard ratio (aHR)=10.557, 95%
CI:2.273-49.031], maximum daily dosage of glucocorticoids (GCs)> 50 mg/d (aHR=2.948, 95% CI:1.122-7.748), leflunomide (LEF)
treatment (aHR=8.572, 95% CI:2.222 —33.070), anemia (aHR=2.565, 95% CI:1.015-6.479) and T-SPOT.TB level>300SFCs/10°
PBMCs (aHR=4.195, 95% CI:1.365-12.892) were independent risk factors for ATB development in LTBI patients.

Conclusion: The incidence of ATB is significantly higher in hospitalized patients with LTBI than in the general population. The
exposure history of PTB, maximum daily dosage of GCs> 50 mg/day, LEF treatment, anemia, and T-SPOT.TB level>300SFCs/
10°PBMCs, were the risk factors of tuberculosis reactivation. Hospitalized LTBI patients with the above factors may need TPT.
Keywords: latent tuberculosis infection, active tuberculosis, incidence, risk factors

Introduction

Tuberculosis (TB) is an important infectious disease caused by Mycobacterium tuberculosis (MTB) that threatens human
health. The Global TB Report 2022 noted that 10.6 million new TB cases were diagnosed in 2021, increasing of 3.6%
over the previous year. China is one of the 30 high-burden countries. The WHO Health Organization estimated that China
has 780,000 new TB patients, with an incidence of 55 per 100,000 in 2021 . The cumulative incidence of TB has reduced
by only 11% from 2015 to 2021, far from the target of the Global End TB Strategy, which states that the incidence of TB
should be reduced by 20% in 2020.*
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Latent tuberculosis infection (LTBI) is defined as a persistent immune response to stimulation by MTB antigens
without active tuberculosis (ATB). LTBI has a 5% to 10% lifetime risk of progressing to ATB, mostly within 5 years of
the initial infection.* There are two methods recommended by WHO for screening LTBI: tuberculin skin test (TST) and
Interferon-y release assays (IGRAs), including T-SPOT.TB.” The prevalence was estimated to be 20.3%, with nearly
300 million cases in China.® Selecting at-risk populations for LTBI management and carrying out preventive interven-
tions among high-risk groups will significantly reduce the incidence of ATB.

A systematic review showed that the risk of ATB could be reduced by tuberculosis preventive treatment (TPT) from
70 to 90%.” In 2015, the WHO Guidelines for the management of LTBI noted that the risk of ATB will increase in people
exposed to pulmonary tuberculosis (PTB), people living with human immunodeficiency virus (HIV) infection, patients
receiving dialysis, patients initiating anti-tumor necrosis factor (TNF) therapy, patients preparing for organ or hemato-
logic transplantation, patients with silicosis, patients with diabetes, illicit drug users, health workers and students,
immigrants from high TB burden countries, prisoners, homeless persons, patients with harmful alcohol use, smokers,
and underweight people.” However, the selection of at-risk populations for LTBI management should be adapted to the
national epidemiology of TB and other local determinants. To date, there have been only a few studies on the clinical
characteristics and related risk factors of ATB development in the LTBI population in China; one study was conducted in
a rural general population, and the other in patients with rheumatic disease.®’

This study was conducted on hospitalized patients with LTBI who tested positive for T-SPOT.TB results to investigate
the incidence of ATB and to explore the risk factors for ATB development in this patient population, which would
provide evidence for the stratified management of LTBI.

Methods

Participants
This cohort study was conducted at the Peking Union Medical College Hospital. All hospitalized patients with positive
T-SPOT.TB results and those aged 18 years or older between January 2013 and December 2016 were recruited. Patients
with ATB, HIV/AIDS, and expected survival of less than one year were excluded. (Figure 1)

The study was approved by the Ethics Committee of the Peking Union Medical College Hospital (S-K 2048).
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Figure | Study flow diagram of hospitalized patients with LTBI enroliment.
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T-SPOT.TB Test

T-SPOT.TB was tested by the T-SPOT™.TB kit (Oxford Immunotec Ltd, UK). Each well of the enzyme-linked
immunosorbent spot assay plate precoated with interferon-y was seeded with 2.5x10° peripheral blood mononuclear
cells (PBMCs). AIM-V medium liquid, phytohemagglutinin (PHA), peptide antigens derived from Early secreting
antigen target-6 (EAST-6), and Culture filtrate protein-10 (CFP-10) were added into the negative control, positive
control, panel A and panel B, respectively and the plate was incubated at 5% CO, and 37°C for 24h. If pane A or
B had more than six spots and the spots were more than twice the negative control per well, the result was considered
positive.

Procedures
Data were collected using a unified questionnaire between 2022 and 2023.

Baseline information was collected in detail, including (1) demographic information incorporated sex and age; (2)
comorbidities incorporated rheumatic disease, diabetes, chronic kidney disease (CKD), inflammatory bowel disease (IBD),
and malignancy); (3) use of medications included glucocorticoids (GCs) and immunosuppressant agents (ISAs) (such as
cyclophosphamide (CTX), methotrexate (MTX), mycophenolate (MMF), azathioprine (AZA), leflunomide (LEF), cyclos-
porine (CsA), tacrolimus (FK506)), and biologics (TNF-ainhibitors); (4) history of chemoradiotherapy;(5) history of
tuberculosis and the exposure history of PTB;(6) laboratory results incorporated routine blood tests and T-SPOT.TB results.

Follow-up information was obtained via questionnaire as directly as possible, but if patients cannot get to the hospital,
it is acceptable to phone them. The follow-up evaluation included diagnosis of ATB (including diagnosis date, site, and
diagnostic basis) and anti-tuberculosis medication. The history of PTB exposure, emerging comorbidities, and medica-
tion use were also collected during the follow-up period. If a patient was suspected or confirmed to have ATB, the
relevant medical records must be reviewed and discussed by an expert panel before confirmation.

Diagnosis Criteria of ATB

The diagnosis of ATB was based on the Chinese diagnostic criteria for tuberculosis (WS 288—2017) and classification of
tuberculosis (WS 196-2017).'%!! Briefly, the diagnosis criteria of ATB were as follows: (1) any of the bacteriological evidence:
including acid-fast bacillus microscopy, culture, GeneXpert MTB/RIF assay, and tuberculosis nucleic acid determination. (2)
histological evidence: pathological changes of the tissue specimens show histological evidence of caseous necrosis and
epithelioid granulomas. (3) Clinically diagnosed ATB cases were based on clinical manifestations, laboratory findings compa-
tible with ATB, and effective response to anti-tuberculosis treatment. Meanwhile, other analogous diseases were excluded.

Statistical Analysis

All statistical results were obtained using SPSS25 (IBM Corp., SPSS Inc., NY, USA) software. The median and
interquartile range [IQR] were used to describe continuous variables following a non-normal distribution, and the rank-
sum test was used for comparisons between groups. Categorical variables were described as frequency and percentage,
and the Fisher’s exact test was used for comparisons between groups. The life table method was used to calculate the
cumulative incidence and the corresponding confidence intervals. A Cox proportional hazards regression model was used
to analyze the risk factors for ATB development in the population after the proportional assumption satisfied. Variables
significantly related to ATB infection in the univariate Cox regression analysis (P<0.05) were included in the multivariate
COX regression analysis. P<0.05 was considered statistically significant.

Results

General Characteristics
A total of 1680 eligible patients were recruited in the study, of which 377 were lost to follow-up, with a dropout rate of
22.4%. Baseline data of patients lost and who responded to treatment are shown in Supplementary Table 1. Until the end

of observation, 19 out of 1303 LTBI patients who completed follow-up developed ATB (Figure 1). The baseline
information is shown in Table 1 and Figure 2.
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Table | General Characteristics of 1303 Enrolled Patients

All Non-ATB ATB P value
N=1303 N=1284 N=19
Male, n (%) 731 (56.1) 718 (55.9) 13 (68.4) 0.354
Ages (years, median, IQR) 54 [45, 62] 54 [45, 62] 50 [31, 64] 0.438
WBC (10°/L, median, IQR) 6.61 [5.10, 8.85] 6.63 [5.11, 8.87] 6.24 [3.58, 8.75] 0.173
Hb (g/L, median, IQR) 128 [111, 142] 128 [111, 142] 116 [107, 129] 0.046
LY (10%/L, median, IQR) 1.66 [1.23, 2.16] 1.67 [1.24, 2.16] 1.27 [0.89, 1.99] 0.096
NE (10%/L, median, IQR) 4.18 [2.96, 6.08] 4.18 [2.98, 6.10] 4 [1.94, 5.78] 0.301
PLT (10°/L, median, IQR) 227 [179, 285] 226 [179, 285] 243 [183, 321] 0.668
ALT (U/L, median, IQR) 19 [13, 30] 19 [13, 30] 14 [10, 29] 0.122
ALB (g/L, median, IQR) 39 [34, 43] 39 [34, 43] 38 [30, 39] 0.042
Cr (umol/L, median, IQR) 68 [57, 81] 68 [57, 8] 65 [54, 79] 0.398
T-SPOT.TB (SFCs/10°PBMCs, median, IQR) 100 [40, 248] 100 [40, 248] 168 [60, 456] 0.175
Previous history of TB, n (%) 22 (1.7) 21 (1.6) 1 (5.3) 0.278
Exposure to PTB, n (%) 22 (1.7) 20 (1.6) 2 (10.5) 0.039
Rheumatic disease, n (%) 341 (26.2) 333 (25.9) 8 (42.1) 0.119
Diabetes, n (%) 256 (19.6) 252 (19.6) 4 (21.1) 0.777
CKD, n (%) 200 (15.3) 195 (15.2) 5 (26.3) 0.195
IBD, n (%) 49 (3.8) 47 (3.7) 2 (10.5) 0.158
Malignancy, n (%) 377 (28.9) 373 (29) 4 (21.1) 0.612
Use of GCs, n (%) 463 (35.5) 452 (35.2) Il (57.9) 0.052
Use of ISAs*, n (%) 342 (26.2) 334 (26) 8 (42.1) 0.120
Use of TNF-a inhibitors, n (%) 35(27) 34 (2.6) I (5.3) 0.406
Chemoradiotherapy, n (%) 237 (18.2) 233 (18.1) 4 (21.1) 0.764

Notes: *Including any of the following immunosuppressants: cyclophosphamide (CTX), mycophenolate mofetil (MMF), methotrexate (MTX), azathioprine
(AZA), leflunomide (LEF), cyclosporine A (CsA), tacrolimus (FK506). TThe Fisher’s exact test or rank-sum test was used for the comparison of categorical or
continuous variables between the ATB group and non-ATB group.

Abbreviations: GCs, glucocorticoids; WBC, White Blood Cell; NE, Neutrophil; LY, Lymphocyte; Hb, Hemoglobin; PLT, Platelet count; ALT, alanine
aminotransferase; Cr, Creatinine; ALB, Albumin; CKD, chronic kidney disease; IBD, inflammatory bowel disease; ISAs, immunosuppressant agents.

ATB Incidence in LTBI Patients
During the median follow-up period of 81 months [IQR:61-93], 19 patients developed ATB among 1303 LTBI patients. Among
the 19 ATB cases, 9 (47.37%) cases were confirmed by microbiology, 1 (5.26%) case was confirmed by histopathology, and the
remaining 9 (47.37%) cases were clinically diagnosed. Among the 9 cases with microbiologic diagnosis, 4 cases and 2 cases were
only positive for acid-fast staining and MTB nucleic acid detection, respectively. 2 cases were positive for both acid-fast staining
and culture and 1case was positive for both acid-fast staining and MTB nucleic acid detection. According to the disease site, 12
cases (63.16%) had lung involvement, including 10 cases of PTB and two cases of PTB combined with tuberculous meningitis.
The others were two cases of osteoarticular TB one case of urogenital TB, one case of tuberculous meningitis, 1case of intestinal
TB, and two cases diagnosed with effective anti-TB therapy who presented with fever of unknown origin.

The 1-year incidence of ATB in this cohort was 614 per 100,000 [95% confidence interval (95% CI):584-644], and
the 5-year cumulative incidence of ATB was 1496 per 100,000 (95% CI:1430-1570) (Table 2). The incidence density of
ATB in patients with LTBI was 240 per 100,000 person-years (95% CI:144-375).

Risk Factors for ATB in LTBI Patients

The risk factors for ATB in the 1303 enrolled patients with LTBI were analyzed. Univariate Cox regression analysis was
conducted on sex, age, comorbidities, maximum daily dosage of GCs, use of ISAs, use of TNF-a inhibitors, chemor-
adiotherapy, and laboratory results, including white blood cell (WBC) count, hemoglobin (Hb), platelet count (PLT),
alanine aminotransferase (ALT), albumin (ALB), total bilirubin (TBIL), creatinine (Cr), and T-SPOT.TB (Supplementary
Table 2). The results of the multivariate Cox regression analysis are shown in Table 3. Exposure to PTB [adjusted hazard
ratio (aHR)= 10.557, 95% CI:2.273-49.031], maximum daily dosage of GCs > 50 mg/d (aHR= 2.948, 95% CI:1.122—
7.748), LEF treatment (aHR= 8.572, 95% CI:2.222-33.070), anemia (aHR= 2.565, 95% CI:1.015-6.479) and T-SPOT.
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Figure 2 The box plots of variables in all enrolled patients (n=1303).
Abbreviations: WBC, White Blood Cell; NE, Neutrophil; LY, Lymphocyte; Hb, Hemoglobin; PLT, Platelet count; ALT, alanine aminotransferase; Cr, Creatinine.

TB level >300 SFCs/10°PBMCs (aHR= 4.195, 95% CI: 1.365-12.892) were independent risk factors for ATB develop-
ment in LTBI patients.

Discussion

According to the 2022 Global Tuberculosis Report, the incidence of ATB in China was 55 per 100,000 in China.! We reported an
ATB incidence of 614 per 100,000 in patients with LTBI at 1 year, which was 11-fold higher than that in the general population.
Therefore, patients with LTBI are a high-risk population for ATB, which is consistent with some previous studies. A systematic
review assessed the absolute risk of ATB among untreated populations with a positive tuberculin skin test (TST) or IGRA results
and found that the incidence of ATB among patients with a TST induration of >10 mm was 30 per 100,000 person-years (95% CI
10-110), significantly higher than that in the local general population (5.3 per 100,000 in Canada; 2.6 per 100,000 in the USA).
The incidence of ATB in LTBI patients was also higher than that in TST/IGRA negative patients among different high-risk patient
groups (incidence rate ratios 1.7-48.1).'? Another cohort study on rheumatic disease showed that 5.16% of patients with positive
IGRA results, but only 0.35% of patients with negative IGRA results developed ATB (P <0.05).®

Table 2 Incidence of ATB in LTBI Patients

Interval Start Number Number Number Incidence Cumulative Proportion

Time (Months) Entering Withdrawing of Terminal (/100,000) incidence at End of
Interval During Interval Events Interval (/100,000)

0 1303 38 8 614 614

12 1257 86 4 319 933

24 1167 65 0 0 933

36 1102 67 3 272 1204

48 1032 55 3 290 1496

60 974 79 [ 102 1598
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Table 3 Multivariable COX Regression Analysis of ATB in Cohort

Variable aHR 95% CI P value

Exposure to PTB
NO |
YES 10.557 2.273-49.031 0.003

Use of medications
Maximum daily dosage of GCs (prednisone equivalents)

<50mg/d |
250mg/d 2.948 1.122-7.748 0.028
Use of LEF
NO |
YES 8.572 2.222-33.070 0.002
Laboratory results
Hb
Normal |
Anemia 2.565 1.015-6.479 0.046
T-SPOT.TB
<100 SFCs/10°PBMCs |
100-300 SFCs/10°PBMCs 2.521 0.793-8.015 0.117
>300 SFCs/10°PBMCs 4.195 1.365-12.892 0.012

Abbreviations: PTB, Pulmonary Tuberculosis; GCs, glucocorticoids; LEF, leflunomide; Hb, Hemoglobin; aHR, adjusted hazard ratio.

In our study, history of PTB exposure was an independent risk factor for ATB (aHR= 10.557). Previous studies have
reached similar conclusion.'*'* Patients with LTBI had an increased risk of ATB within the first two years after exposed,
about 15-fold.'> Patients with LTBI with an exposure history of PTB may have an increased risk of ATB and should
receive sufficient attention in clinical practice. In this study, none of the 30 patients who underwent TPT developed ATB
and none of the 19 ATB patients received TPT.

Several medications, such as GCs, ISAs, and TNF-a inhibitors, may affect specific immune responses to MTB,
thereby increasing the risk of ATB development. In our study, a maximum daily dosage of GCs > 50 mg/day (aHR=
2.948) and LEF treatment (aHR= 8.572) were risk factors for ATB development in patients with LTBI.

Owing to their anti-inflammatory and immunosuppressive actions, GCs have been widely used to treat inflammatory
diseases. However, it is worth noting that long-term exposure to GCs may lead to serious complications such as an
increased risk of ATB. The underlying mechanism may disturb macrophage function and inhibit cellular immunity.'®'’
In patients with SLE, a maximum daily dose of GCs > 30 mg/day is an independent risk factor for ATB development.'®
Another prospective cohort study also found that a high dosage of GCs (>15 mg daily) for > 4 weeks was an independent
risk factor for ATB.® Studies have confirmed that GCs increase the risk of ATB development in patients with LTBI, and
patients with high and medium doses are at a higher risk than those with low doses.'* Moreover, one study showed that
a low dose of GCs (< 10 mg/day) did not increase the risk of MTB reactivation.'” We found that in patients with LTBI,
the maximum daily dosage of GCs > 50 mg/day, but not a history of GCs use, significantly increased the risk of
developing ATB (approximately 3-fold). These findings may be valuable in the management of TPT.

ISAs are widely used for the treatment of immune-associated diseases. The overwhelming variety of ISAs, mechan-
isms of action, and immunosuppression intensity complicate the effect of ISAs on MTB reactivation. LEF, MTX, CsA,
and AZA are presumed to be associated with ATB development. This study showed that LEF was associated with
a nearly 8-fold risk of MTB reactivation. A review showed that RA patients using LEF had a 4 to 11 times risk of ATB
development.?’ The proposed mechanisms are possibly mediated via the suppression of T lymphocyte and B lymphocyte
activation and inhibition of the TNF-a signaling pathway.?'** LEF significantly increases the risk of MTB reactivation,
leading to a call for systematic screening in these populations to allow the timely initiation of TPT.

TNF-a inhibitor treatment is similarly associated with an increased risk of tuberculosis infection, and a consensus has
emerged that screening and treatment for LTBI are essential before starting TNF-a inhibitor therapy. However, this study
found no significant correlation between TNF-a inhibitor treatment and ATB development. This difference may be due to
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the small sample size; only 35 patients (2.7%) were treated with TNF-a inhibitors in our study. Of the 35 patients, only
12 completed TPT and none developed ATB; one of the 23 patients without TPT developed ATB during follow-up.

One study found that the level of Hb was significantly lower in the ATB group than in the LTBI group.”® Hb is
a proxy for nutritional status and condition. Malnutrition is a recognized risk factor for ATB. A genomic study found
significantly increased expression of RISK4 and PREDICT29 progression signatures in malnourished individuals with
LTBI, consistent with the known association between inflammatory pathway activation and progression to ATB.?* The
increase in serum iron levels in individuals with anemia of chronic disease provides a favorable environment for MTB.?
We found that anemia was a significant risk factor for ATB development (aHR= 2.565).

Although the IGRA test cannot distinguish ATB from LTBI, IGRA levels can indirectly reflect the load of MTB in
non-immunocompromised populations indirectly.*®*” Higher IGRA levels in the LTBI population suggest a higher risk
of developing ATB. A systematic review and meta-regression quantified the dose-response relationship between inter-
feron-gamma levels and the risk of progression to ATB, they found that compared to 0 IU/mL, the relative risk of
progression to ATB among those with IFN-y levels of 5 IU/mL was 11.38 (95% CI 6.64-16.38).%® Our study found that
patients with LTBI underwent the T-SPOT.TB> 300 SFC/10°PBMCs are at increased risk of developing ATB. T-SPOT.
TB level stratification will help identify patients with LTBI at a high risk of developing ATB.

This study has several limitations. First, it was a single-center study conducted at a large 3A grade hospital in China. In
addition, the recruited subjects were hospitalized patients with severe diseases, which may have overestimated the incidence of
ATB in the LTBI population owing to a selection bias. Second, the study used T-SPOT.TB to screen LTBI without TST for the
BCG vaccine is generally inoculated in our country. Thus, some LTBI patients may be missed. Third, the dropout rate at the
follow-up was 22.44%. We found no significant difference in the general characteristics between patients with follow-up and
dropout; thus, dropout was unlikely to have affected our results. Finally, owing to the small number of outcome events, the
estimated incidences had wide confidence intervals, which would require further verification.

Conclusions

In summary, the incidence was significantly higher in patients with LTBI than in the general population. These factors
(history of PTB exposure, maximum daily dosage of GCs, LEF treatment, and levels of Hb and T-SPOT.TB) should be
considered when evaluating the risk of LTBI patients developing ATB. Thus, LTBI patients with an exposure history of
PTB, maximum daily dosage of GCs > 50 mg/day, LEF treatment, anemia, or T-SPOT.TB levels > 300 SFCs/10°PBMCs
may be considered for TPT.
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