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Background: There are few studies on medical conditions associated with the
development of drug-resistant TB.

Objective: We investigated the risk factors for the occurrence of multidrug-
resistant (MDR) tuberculosis (TB) in patients with pulmonary TB.

Materials and methods: Based on claims data from the Health Insurance Review
and Assessment service in South Korea, we retrospectively investigated patients
aged 18years or older with active pulmonary TB who were treated with anti-TB
therapy between January 1, 2008, and February 28, 2021.

Results: Among 248,176 patients with pulmonary TB who underwent anti-
TB therapy, 2.0% were identified as having MDR-TB. MDR-TB showed male
predominance compared to patients without MDR-TB, and patients with MDR-
TB were younger. The risk for MDR-TB in patients treated with anti-TB therapy
was 3.26 times higher in patients who received anti-tumor necrosis factor (TNF)
agents before prescription of anti-TB medications than in those who had never
been exposed to anti-TNF agents after adjusting for other TB risk factors (age,
sex, inhaled corticosteroid, diabetes mellitus, liver disease, pneumoconiosis, and
organ or blood recipients). The risk for MDR-TB was also increased in males and
younger patients.

Conclusion: Treatment with an anti-TNF agent could be a driver of MDR-TB in
patients with pulmonary TB.

multidrug-resistant tuberculosis, anti-TNF agents, infections, risk factor, pulmonary TB

Background

The incidence rate of tuberculosis (TB) rose by 3.6% between 2020 and 2021, reversing years
of decline for the previous 2 decades according to the 2022 WHO World Tuberculosis Report
(1). Unfortunately, the burden of multidrug-resistant TB (MDR-TB) is also estimated to have
increased between 2020 and 2021. Globally, the rate of MDR-TB among patients with new TB
was about 3.6% and the best estimate for people who have previously been treated for TB is
about 18% in 2021. Drug-susceptible TB and drug-resistant TB are spread in the same way (2).
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However, treatment of MDR-TB infections is much more complex,
less effective, more toxic, and more expensive than treating patients
infected with susceptible TB strains (3). Reducing the incidence of
MDR-TB infection in the community may be difficult due to a lack of
knowledge about the risk factors associated with developing MDR-TB.

The mechanisms that lead to the development of drug resistance
are complex, and resistance may have multiple causes even within the
same individual patient. Previous studies (4-7) have identified risk
factors for developing anti-TB drug resistance. Some studies have
suggested that drug resistance may be associated with prior exposure
to anti-TB drugs in insufficient amounts to achieve complete cure (8,
9). Other studies have suggested that race, malnutrition, and
pulmonary TB may be risk factors for developing drug-resistant TB
(10). The onset of MDR-TB can be related to various factors, including
race, socioeconomic status, culture, lifestyle, epidemiology, medical
condition, and detection technology (10). Some comorbidity studies
have shown that people with human immunodeficiency virus (HIV)
infection or diabetes are more likely to develop MDR-TB (11-13).

However, few studies have identified the comorbidities or medical
conditions associated with the development of drug-resistant TB (12,
13). Moreover, with the exception of HIV and diabetes, it is unclear
whether the risk factors associated with TB already act as risk factors
for developing drug-resistant TB (14, 15). We investigated the risk
factors for the occurrence of MDR-TB in patients with pulmonary TB
using a national population-based database.

Materials and methods
Study area and setting

This retrospective observational cohort study analyzed claims data
from the Health Insurance Review and Assessment (HIRA) service in
Korea between January 1, 2007, and February 28, 2021.

Study design and study subjects

The study population consisted of patients aged 18years or older
diagnosed with TB (code 15-19, A30 of the International Classification
of Diseases 10th revision: ICD-10) between July 1, 2007, and February
28, 2021, registered as officially designated infectious disease patients
in Korea, and were continuously prescribed TB medications, such as
isoniazid, rifampin, or ethambutol, for more than 2months. Each
patient was excluded if there was evidence of tuberculosis (disease
code and prescription of tuberculosis-related medications) during the
first-year baseline period to exclude retreatment and recurrence.
Patients enrolled in this study were followed up for a median of
3,604 days [interquartile range (IQR) 2,950-4,229]. The exclusion
criteria were as follows: age>100years; latent TB (code R76 of
ICD-10); TB sequelae (B90 of ICD-10) or non-mycobacterium
infection (code A31 of ICD-10); and infected with HIV (code B20-22,
B24 of ICD-10).

In 2007, the Korean government extended health insurance
coverage to patients with MDR-TB identified with code U88 or
V206 in the NHI system. Patients were divided into two groups
according to the time of onset: naive MDR-TB defined as cases with
an MDR code within 6 months of the start of TB treatment, and
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non-naive MDR-TB in which it was assumed that MDR developed
due to reinfection or de novo emergence. The anti-tumor necrosis
factor (TNF) agents administered in the study population were
infliximab, etanercept, and adalimumab.

Data source

South Korea’s National Health Insurance (NHI) system is a public,
single-payer system, which has covered the South Korean population
since 1989. NHI covers 97% of the people, with the Medical Aid
program covering the remaining 3%. The HIRA reviewed all claims
data submitted by the NHI and the Medical Aid program.

Ethics statement

The HIRA approved the research protocol (M20211011551). The
requirement for ethics approval was waived by the Kangwon National
University Hospital Institutional Review Board (KNUH-2022-02-
011) because this study used only previously collected data. The study
was performed in accordance with the Declaration of Helsinki.

Statistical analysis

The primary endpoint was the incidence of MDR-TB with
anti-TNF treatment. The secondary endpoints were the hazard ratios
of anti-TNF agents for MDR-TB. The baseline variables and patient
characteristics in each group are presented as percentages or the
median [IQR]. Between-group comparisons were performed using the
Mann-Whitney U test or chi-square test as appropriate. Kaplan—
Meier curves allowed the comparison of MDR-TB incidence between
groups using the log-rank test. Multivariate Cox regression analysis
was performed to determine the hazard ratios for sex, age, and
Charlson comorbidity index (CCI). All analyzes were carried out
using Rv.3.4.4, and p < 0.05 was taken to indicate statistical significance.

Results
Characteristics of study participants

During the study period, a total of 248,176 patients were
diagnosed with TB and received anti-TB treatment. MDR-TB had
a prevalence rate of 2.02% (n =5,008) among patients with active
TB (Table 1). The median time interval between onset of active TB
and MDR-TB diagnosis was 161 [IQR 81-511] days and 52.8%
(n=2,642) of MDR-TB cases were naive MDR-TB identified within
6 months of initial treatment with anti-TB drugs. Among the total
population with TB, 23.54% had diabetes, and 4.74% (n=11,769)
had used an inhaled corticosteroid (ICS) before TB diagnosis;
0.70% had received an inhaled corticosteroid treatment within
lyear before diagnosis with TB. TB occurred at a median of
131days [IQR 29-566.5] after the first use of an inhaled
corticosteroid. Anti-TNF agents had been administered before the
diagnosis of TB in 0.13% of patients with TB; the anti-TNF agents
used were adalimumab (n=147, 44.4%), infliximab (n=123,

frontiersin.org


https://doi.org/10.3389/fmed.2023.1108119
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://opendata.hira.or.kr/or/ora/selectRsrcMain.do?rsrcDataSno=4633

Park et al.

TABLE 1 Baseline characteristics of patients with tuberculosis.

10.3389/fmed.2023.1108119

All pulmonary TB no MDR-TB MDR-TB value of p

No. of patients 248,176 243,168 5,008

Female 100,215 (40.38) 98,566 (40.53) 1,649 (32.9) <0.001
Age (years)* 53.0 [37.0, 71.0] 54.0 [37.0, 71.0] 46.0 [33.0,59.0] <0.001
CCP 2.0[1.0,5.0] 2.0 [1.0, 5.0] 2.0 [1.0, 4.0] <0.001
No. of TB drugs used® 4.0 [4.0,4.0] 4.0 [4.0, 4.0] 7.0 [5.0, 8.0] <0.001
DM 58,428 (23.54) 56,945 (23.42) 1,483 (29.6) <0.001
Liver disease 92,779 (37.38) 91,100 (37.46) 1,679 (33.53) <0.001
Pneumoconiosis 1,260 (0.51) 1,235 (0.51) 25 (0.51) 1
Solid organ transplant 486 (0.20) 479 (0.20) 7(0.14) 0.456
BMT 64 (0.03) 63 (0.03) 1(0.02) 1
Rheumatoid Arthritis 19,215 (7.74) 18,961 (7.80) 254 (5.07) <0.001
Psoriasis 5,914 (2.38) 5,839 (2.40) 75 (0.16) <0.001
Ankylosing Spondylitis 1996 (0.80) 1970 (0.81) 26 (0.52) 0.028
Crohn Disease 568 (0.23) 551 (0.23) 17 (0.34) 0.132
Ulcerative Colitis 1,173 (0.47) 1,156 (0.48) 17 (0.34) 0.199
ICS user 11,769 (4.74) 11,441 (4.70) 328 (6.55) <0.001
ICS user within 1year before TB diagnosis 1734 (0.70) 1706 (0.70) 28 (0.56) 0.266
Interval between ICS and TB (days)* 131. 0 [29.0, 566.5] 133.5 [30.0, 569.0] 36.5 [13.5, 189.8] 0.014
Tx with anti-TNF agent 312 (0.13) 298 (0.12) 14 (0.28) 0.004
Interval between anti-TNF and TB (days)* 421.5[174.3,816.3] 420.5 [175.0, 808.0] 591.0 [168.8,1194.0] 0.398

MDR-TB, multidrug resistant tuberculosis; anti-TNF, anti-tumor necrosis factor; BMT, bone marrow transplantation; CCI, Charlson Comorbidities index; DM, diabetes mellitus; ICS, inhaled

corticosteroid; No, number; Tx, treatment; TB, tuberculosis."Data are expressed in median [interquartile range].

55.4%), and etanercept (n =85, 34.0%). TB developed a median of
422 days [IQR 174-816] after first administration of anti-TNF
agents (307 days [IQR 96-576] for infliximab, 312days [IQR
167-572] for adalimumab, and 812days [IQR 437-1,247]
for etanercept).

MDR-TB showed male predominance compared to patients
without MDR-TB (67.1% vs. 59.5%, respectively, p<0.01), and
patients with MDR-TB were younger (median age: 46years [IQR
33-60] vs. 54 years [IQR 37-71], respectively, p <0.01). Patients with
MDR-TB had a higher incidence rate of diabetes mellitus and lower
rates of liver disease, rheumatoid arthritis, ankylosing spondylosis and
psoriasis than those without MDR-TB. In addition, MDR-TB patients
had higher treatment rates with ICS (6.5% vs. 4.7%, p<0.01,
respectively) and anti-TNF agents (0.3% vs. 0.1%, p<0.01,
respectively) before diagnosis. MDR-TB developed after 559 days
[IQR 303-1,146] in 2366 patients with non- naive MDR-TB. There
was no difference between naive MDR-TB patients and non- naive
MDR-TB patients except that there were significantly more males and
ICS users in non-naive MDR-TB patients.

Risk for MDR in patients receiving anti-TNF
agents

The incidence of MDR-TB was significantly higher in patients
treated with anti-TNF agents than in those who were never exposed
to anti-TNF agents (Figure 1). The hazard ratio (HR) of MDR-TB,
adjusted for age, sex, comorbidities, and history of previous inhaled
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corticosteroid treatment, was 3.26 times higher in patients treated
with anti-TNF agents than in those who were never exposed to
anti-TNF agents (HR 3.26, 95% CI 1.69-6.28) (Figure 2). The risk for
MDR-TB was also increased in males and younger patients.

Among patients who received anti-TNF agents, 43 were treated
with two or more anti-TNF agents. MDR-TB was significantly more
prevalent in patients who had been treated with etanercept than in
those without MDR-TB (0.12% vs. 0.03%, respectively, p<0.01)
(Table 2). Patients with MDR-TB included a higher percentage of
patients who had been treated with etanercept for rheumatoid arthritis
RA than those without MDR-TB. MDR-TB was more prevalent in TB
patients who received infliximab for Crohn’s disease than those
without MDR-TB (0.08% vs. 0.02%, respectively, p<0.01).

Treatment outcome and adverse effects of
anti-TB medication

There was no difference in the incidence of MDR-TB and no
MDR-TB among patients who required retreatment 1 year after the
end of treatment (MDR-TB 0.16% vs. no MDR-TB 0.19%). The
MDR-TB group had significantly higher rates of hepatotoxicity
(19.59% vs. 9.53%, respectively, p<0.01), ototoxicity (0.26% vs. 0.02%,
respectively, p <0.01), optic neuropathy (2.36% vs. 1.18%, respectively,
p<0.01), peripheral neuropathy (5.65% vs. 4.80%, respectively,
p<0.01), seizures (8.79% vs. 6.79%, respectively, p <0.01), and alopecia
(2.64% vs. 2.04%, respectively, p <0.01) after TB treatment than the
non-MDR-TB group.
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stratified with anti-TNF drugs before being diagnosing with tuberculosis
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FIGURE 1

Kaplan Meier curves for cumulative probability of MDR-TB according to the use with anti-TNF agents in TB patients. The log-rank test indicates a
significant difference between curves. preTB_antiTNF=0: non-user with anti-TNF agents before being diagnosed with tuberculosis, preTB_antiTNF=1:
user with anti-TNF agents before being diagnosed with tuberculosis.
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FIGURE 2

Adjusted hazard ratios of risk factors for MDR-TB in TB patients (n=248,176). ICS: inhaled corticosteroid, TNF: tumor necrosis factor.
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TABLE 2 Incidence and time to onset of muti-drug resistant pulmonary tuberculosis.

All pulmonary TB no MDR-TB MDR-TB p-value
Infliximab (%) 123 (0.05) 117 (0.05) 6(0.12) 0.053
Rheumatoid arthritis (%) 65 (0.03) 63 (0.03) 2(0.04) 0.806
Psoriasis (%) 21(0.01) 20 (0.01) 1(0.02) 0.906
Ankylosing spondylitis (%) 29 (0.01) 28 (0.01) 1(0.02) 1.00
Crohn’s disease (%) 47 (0.02) 43 (0.02) 4(0.08) 0.008
Ulcerative colitis (%) 40 (0.02) 38 (0.02) 2(0.04) 0.436
Interval between infliximab and TB diagnosis (days)* 307.0 [96.5, 576.5] 273.0 [95.0, 546.0] 1109.5 [943.5, 1264.3] 0.013
Adalimumab (%) 147 (0.06) 143 (0.06) 4(0.08) 0.754
Rheumatoid arthritis (%) 131 (0.05) 128 (0.05) 3(0.06) 1
Psoriasis (%) 22 (0.01) 21(0.01) 0 (0.00) 0.932
Ankylosing spondylitis (%) 61 (0.02) 59 (0.02) 2(0.04) 0.806
Crohn’s disease (%) 9 (0.00) 9 (0.00) 0 (0.00) 1
Ulcerative colitis (%) 19 (0.01) 19 (0.01) 0 (0.00) 1
Interval between adalimumab and TB diagnosis (days)* 312.0 [167.0, 571.5] 312.0 [170.0, 576.5] 312.5 [156.8, 486.5] 0.617
Etanercept (%) 85(0.03) 79 (0.03) 6(0.12) 0.004
Rheumatoid arthritis (%) 78 (0.03) 73 (0.03) 5(0.10) 0.018
Psoriasis (%) 16 (0.01) 16 (0.01) 0(0.0) 1
Ankylosing spondylitis (%) 40 (0.02) 37(0.02) 3(0.06) 0.057
Crohn’s disease (%) 2 (0.00) 2(0.00) 0 (0.00) 1
Ulcerative colitis (%) 10 (0.00) 10 (0.00) 0 (0.00) 1
Interval between etanercept and TB diagnosis (days)* 812.0 [437.0, 1247.0] 812.0 [449.5, 1211.0] 898.5 [292.0, 1241.0] 0.945

MDR-TB, multidrug resistant tuberculosis."Data are expressed in median [interquartile range].

Discussion

This study investigated the risk factors for the occurrence of
MDR-TB in patients with pulmonary TB. As a result of multivariate
analysis, younger adults and males were significantly associated with
MDR-TB. While patients with Psoriasis and Rheumatoid arthritis
showed low risk of MDR-TB, diabetes mellitus and solid organ
transplantation showed no overt associations with MDR-TB.

We found that a prior history of treatment with anti-TNF agents
was a significant risk factor for MDR-TB. Treatment with TNF
inhibitors is a well-known risk factor for the reactivation or remote
acquisition of TB (16).

TNF-a is known to be associated with the function of the immune
system of TB patients. Some studies demonstrated that the TNF-a
level in peripheral blood cells could differentiate active TB from
non-TB patients and strong TNF-a responses at TB diagnosis were
significantly decreased after treatment (17, 18). Interestingly, after TB
treatment, the levels of TNF-a remained elevated in the sputum-
positive population and in extensively drug resistant TB patients
contrary to sputum- negative group and sensitive TB patients (19, 20).

TNF-a has a dual effect in TB and acts as host resistance and
susceptibility factor (21, 22). Physiological levels of TNF-a have a
defensive role against mycobacterial infection. TNF-a is important for
phagosome activation to kill mycobacteria and granuloma formation
to prevent dissemination (23). Elevated TNF-a levels in some
subgroups after treatment may be indicative of the host’s immune
status to control the pathogen.

Frontiers in Medicine 05

Kviatcovsky et al. reported that MDR strain M inhibited TNF-a
secretion influencing on neutrophil activation and ROS production,
as part of evasion mechanism to persist in the host (24). Several
studies found the distinct difference in immune responses and the
immune cellular subpopulation between MDR TB and sensitive TB
(25, 26). Drug resistant TB can occur as primary drug resistance or
acquired drug resistance happened during failed treatment of drug-
susceptible TB (27). In the latter cases, bacterial subpopulation known
as persisters can be phenotypically tolerant to anti-TB medication.
Evidence suggests drug resistant M. TB strains interact with
phagocytes and immune cells in the lung microenvironment and
modify to adapt and persist in the host (23).

Therefore, it is reasonable to assume that TNF-a inhibitors suppress
cytokine expression and alter the immune microenvironment and would
develop resistant TB or advanced forms of TB. Our results, in which the
occurrence of MDR-TB was more frequent in the case of longer use of
infliximab, support the hypothesis that the risk of developing resistant
tuberculosis might increase when TNF-a is continuously suppressed.

There were many different findings from previous studies
identifying risk factors for MDR-TB (4, 5, 13, 29). In the present study,
the differences in MDR-TB risk between the types of anti-TNF agents
were not clear, in contrast to previous studies showing that the risk for
TB is higher in patients receiving anti-TNF monoclonal antibody
therapy than those receiving soluble TNF receptor therapy (28, 29).
Wallis et al. (30) suggested a time-varying risk for TB in patients with
anti-TNF therapy with a higher early increased risk for infliximab
than for etanercept. Similarly, in our study, the average duration of
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drug therapy before TB diagnosis was higher for etanercept than
infliximab and adalimumab.

Previous studies (4, 5, 13, 31) have reported that MDR-TB risk is
mainly related to previously diagnosed TB and anti-TB therapy rather
than sociodemographic characteristics, such as age or sex,
comorbidities such as HIV or chronic obstructive pulmonary disease
(COPD), lifestyle factors such as alcohol abuse, and other TB-related
characteristics, such as directly observed therapy. The results of meta-
analyzes have been from pooled studies that differed in design, patient
demographic characteristics, and definitions of MDR-TB, resulting in
a large degree of heterogeneity (4).

Age and sex may be related to TB drug adherence. Interestingly,
in our results showed that more men and more ICS users are included
in non-naive MDR-TB patients than naive MDR -TB patients. ICS
use appears to be a risk factor for MDR-TB in terms of the decreased
immune response, similar to the pathogenesis of pneumonia or
non-MDR-TB (4). Further research is needed to determine the
correlation between ICS exposure and emergence of drug
resistance in TB.

Our data showed that while rheumatoid arthritis and psoriasis
were associated with lower risk for MDR-TB, the percentage of
patients who had been treated with etanercept for rheumatoid arthritis
RA was higher in MDR TB patients than those without MDR-TB. Due
to data limitations, it was not possible to ascertain the individual’s
immune status, latent TB and latent TB prophylaxis. Given the results
of the United Kingdom study showing that incidence of tuberculosis
varies with the severity of psoriasis, immune status including TNF-«
and IL-17 -induced inflammation may affect the MDR-TB risk (32).
Further research taking into account these variables may clarify the
association with MDR-TB risk.

Our findings could help improve the rate of successful TB treatment
and help prepare for immediate radical treatment by actively observing
pulmonary TB patients with early suspicion of MDR-TB.

This study had several limitations. First, the study used the claims
data from the NHI in Korea. As the administrative claims data were
designed for reimbursement purposes, they do not include sensitive
information for privacy reasons, such as socioeconomic status,
occupation, nutritional status, or medication adherence. Second,
retreatment and recurrence were excluded as index TB infections
after confirmation by observation from 1-2 years to 7years, but
recurrence after infection decades ago was not confirmed due to the
limitation of claims data. Third, it was also difficult to determine the
number of patients with latent TB infection before using TNF-a
inhibitors. In this study, the transition rate from latent TB to active
infection could not be confirmed. Fourth, this claim dataset was
unable to differentiate whether the development of MDR TB is
because of the anti-TNF alpha agents or the immune status of the
patients using anti-TNF alpha agents. Regardless of these limitations,
our results could help understand anti-TNF agents’ effects as a driver
of MDR-TB in patients with pulmonary TB.

Conclusion

This study identified an increased risk for MDR-TB in patients
who received TNF-a inhibitors. Therefore, successful treatment of TB
requires close monitoring of patients who have received drugs that
may affect TNF-related immune dysfunction.

Frontiers in Medicine

10.3389/fmed.2023.1108119

Data availability statement

The data analyzed in this study is subject to the following licenses/
restrictions: We cannot share the administrative data of the Korean
government. Requests to access these datasets should be directed to
mdhong@hallym.or.kr.

Ethics statement

The studies involving human participants were reviewed and
approved by Kangwon National University Hospital Institutional
Review Board (KNUH-2022-02-011). Written informed consent for
participation was not required for this study in accordance with the
national legislation and the institutional requirements.

Author contributions

YH and JP contributed to the design concept, acquisition,
analysis, and interpretation of data, and drafting of and revising of
the manuscript critically for important intellectual content. JH and
JP contributed to the design concept, interpretation of data, and
revising of the manuscript critically for intellectual content. All
contributed to the
submitted version.

authors article and approved the

Funding

This study was supported by the National Research Foundation of
Korea grant (NRF2020R1C1C1009091 and NRF2020R1A2C1011455)
and the Korea Health Technology R&D Project through the Korea
Health Industry Development Institute (KHIDI), funded by Korean
Government (HI21C1074).

Acknowledgments

The authors would like to thank (www.textcheck.com) for English
language editing.

Conflict of interest

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

Publisher’'s note

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

frontiersin.org


https://doi.org/10.3389/fmed.2023.1108119
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
mailto:mdhong@hallym.or.kr
http://www.textcheck.com

Park et al.

References

1. World Health Organization. Global Tuberculosis Report 2022. Geneva: Switzerland;
WHO (2022).

2. Zhao Y, Xu S, Wang L, Chin DP, Wang S, Jiang G, et al. National survey of drug-
resistant tuberculosis in China. N Engl ] Med. (2012) 366:2161-70. doi: 10.1056/
NEJMoal108789

3. Nahid P, Mase SR, Migliori GB, Sotgiu G, Bothamley GH, Brozek JL, et al.
Treatment of drug-resistant tuberculosis. An official ATS/CDC/ERS/IDSA clinical
practice guideline. Am J Respir Crit Care Med. (2019) 200:e93-e142. doi: 10.1164/
rcem.201909-1874ST

4. XiY, Zhang W, Qiao R], Tang J. Risk factors for multidrug-resistant tuberculosis: a
worldwide systematic review and meta-analysis. PLoS One. (2022) 17:€0270003. doi:
10.1371/journal.pone.0270003

5. Mulu W, Mekonnen D, Yimer M, Admassu A, Abera B. Risk factors for multidrug
resistant tuberculosis patients in Amhara National Regional State. Afr Health Sci. (2015)
15:368-77. doi: 10.4314/ahs.v15i2.9

6. Feng M, Xu Y, Zhang X, Qiu Q, Lei S, LiJ, et al. Risk factors of multidrug-resistant
tuberculosis in China: a meta-analysis. Public Health Nurs. (2019) 36:257-69. doi:
10.1111/phn.12582

7. Hang NT, Maeda S, Lien LT, Thuong PH, Hung NV, Thuy TB, et al. Primary drug-
resistant tuberculosis in Hanoi, Viet Nam: present status and risk factors. PLoS One.
(2013) 8:e71867. doi: 10.1371/journal.pone.0071867

8. Faustini A, Hall AJ, Perucci CA. Risk factors for multidrug resistant tuberculosis in
Europe: a systematic review. Thorax. (2006) 61:158-63. doi: 10.1136/thx.2005.045963

9. Pablos-Mendez A, Raviglione MC, Laszlo A, Binkin N, Rieder HL, Bustreo F, et al.
Global surveillance for antituberculosis-drug resistance, 1994-1997. World Health
Organization-international union against tuberculosis and lung disease working group
on anti-tuberculosis drug resistance surveillance. N Engl ] Med. (1998) 338:1641-9. doi:
10.1056/NEJM199806043382301

10. Ramachandran G, Hemanth Kumar AK, Bhavani PK, Poorana Gangadevi N, Sekar
L, Vijayasekaran D, et al. Age, nutritional status and INH acetylator status affect
pharmacokinetics of anti-tuberculosis drugs in children. Int J Tuberc Lung Dis. (2013)
17:800-6. doi: 10.5588/ijtld.12.0628

11. Rifat M, Milton AH, Hall J, Oldmeadow C, Islam MA, Husain A, et al.
Development of multidrug resistant tuberculosis in Bangladesh: a case-control study on
risk factors. PLoS One. (2014) 9:¢105214. doi: 10.1371/journal.pone.0105214

12. Samuels JP, Sood A, Campbell JR, Ahmad Khan E, Johnston JC. Comorbidities and
treatment outcomes in multidrug resistant tuberculosis: a systematic review and meta-
analysis. Sci Rep. (2018) 8:4980. doi: 10.1038/s41598-018-23344-z

13.Tao NN, Li YE, Song WM, Liu JY, Zhang QY, Xu TT, et al. Risk factors for drug-
resistant tuberculosis, the association between comorbidity status and drug-resistant
patterns: a retrospective study of previously treated pulmonary tuberculosis in
Shandong, China, during 2004-2019. BMJ Open. (2021) 11:e044349. doi: 10.1136/
bmjopen-2020-044349

14. Kwak N, Kim HR, Yoo CG, Kim YW, Han SK, Yim JJ. Changes in treatment
outcomes of multidrug-resistant tuberculosis. Int J Tuberc Lung Dis. (2015) 19:525-30.
doi: 10.5588/ijtld.14.0739

15. Byrne AL, Marais BJ, Mitnick CD, Lecca L, Marks GB. Tuberculosis and chronic
respiratory disease: a systematic review. Int ] Infect Dis. (2015) 32:138-46. doi: 10.1016/j.
ijid.2014.12.016

16. Robert M, Miossec P. Reactivation of latent tuberculosis with TNF inhibitors:
critical role of the beta 2 chain of the IL-12 receptor. Cell Mol Immunol. (2021)
18:1644-51. doi: 10.1038/s41423-021-00694-9

17. Wang F, Hou H, Xu L, Jane M, Peng J, Lu Y, et al. Mycobacterium tuberculosis-
specific TNF-alpha is a potential biomarker for the rapid diagnosis of active tuberculosis
disease in Chinese population. PLoS One. (2013) 8:¢79431. doi: 10.1371/journal.
pone.0079431

Frontiers in Medicine

07

10.3389/fmed.2023.1108119

18.Hong JY, Kim A, Park SY, Cho SN, Dockrell HM, Hur YG. Screening for
mycobacterium tuberculosis infection using Beijing/K strain-specific peptides in a
school outbreak cohort. Front Cell Infect Microbiol. (2021) 11:599386. doi: 10.3389/
fcimb.2021.599386

19. Song TL, Liu J-L, Geng S-J. Study on the relationship between changes of immune
cells and TNF-a in peripheral blood of patients with multidrug-resistant and
extensively drug-resistant tuberculosis. Eur Rev Med Pharmacol Sci. (2018) 22:1061-5.
doi: 10.26355/eurrev_201802_14389

20. Eum SY, Lee YJ, Min JH, Kwak HK, Hong MS, Kong JH, et al. Association of
antigen-stimulated release of tumor necrosis factor-alpha in whole blood with response
to chemotherapy in patients with pulmonary multidrug-resistant tuberculosis.
Respiration. (2010) 80:275-84. doi: 10.1159/000283687

21. Gardam MA, Keystone EC, Menzies R, Manners S, Skamene E, Long R, et al.
Anti-tumour necrosis factor agents and tuberculosis risk: mechanisms of action and
clinical management. Lancet Infect Dis. (2003) 3:148-55. doi: 10.1016/
$1473-3099(03)00545-0

22.Roca FJ, Whitworth L], Prag HA, Murphy MP, Ramakrishnan L. Tumor necrosis
factor induces pathogenic mitochondrial ROS in tuberculosis through reverse electron
transport. Science. (2022) 376:eabh2841. doi: 10.1126/science.abh2841

23. Allue-Guardia A, Garcia JI, Torrelles JB. Evolution of drug-resistant
mycobacterium tuberculosis strains and their adaptation to the human lung
environment. Front Microbiol. (2021) 12:612675. doi: 10.3389/fmicb.2021.612675

24. Kviatcovsky D, Rivadeneyra L, Balboa L, Yokobori N, Lopez B, Ritacco V, et al.
Mycobacterium tuberculosis multidrug-resistant strain M induces low IL-8 and
inhibits TNF-alpha secretion by bronchial epithelial cells altering neutrophil effector
functions. Mediat Inflamm. (2017) 2017:2810606. doi: 10.1155/2017/2810606

25. Ocana-Guzman R, Tellez-Navarrete NA, Ramon-Luing LA, Herrera I, De Ita M,
Carrillo-Alduenda JL, et al. Leukocytes from patients with drug-sensitive and
multidrug-resistant tuberculosis exhibit distinctive profiles of chemokine receptor
expression and migration capacity. J Immunol Res. (2021) 2021:6654220. doi:
10.1155/2021/6654220

26.Sun ET, Xia D, Li BH, Ma J, Dong YY, Ding SS, et al. Association of immune
factors with drug-resistant tuberculosis: a case-control study. Med Sci Monit. (2017)
23:5330-6. doi: 10.12659/MSM.904309

27. Dookie N, Rambaran S, Padayatchi N, Mahomed S, Naidoo K. Evolution of drug
resistance in mycobacterium tuberculosis: a review on the molecular determinants of
resistance and implications for personalized care. ] Antimicrob Chemother. (2018)
73:1138-51. doi: 10.1093/jac/dkx506

28. Dixon WG, Hyrich KL, Watson KD, Lunt M, Galloway J, Ustianowski A, et al.
Drug-specific risk of tuberculosis in patients with rheumatoid arthritis treated with
anti-TNF therapy: results from the British Society for Rheumatology biologics register
(BSRBR). Ann Rheum Dis. (2010) 69:522-8. doi: 10.1136/ard.2009.118935

29. Tubach F, Salmon D, Ravaud P, Allanore Y, Goupille P, Breban M, et al. Risk of
tuberculosis is higher with anti-tumor necrosis factor monoclonal antibody therapy
than with soluble tumor necrosis factor receptor therapy: the three-year prospective
French research axed on tolerance of biotherapies registry. Arthritis Rheum. (2009)
60:1884-94. doi: 10.1002/art.24632

30. Wallis RS, Broder MS, Wong JY, Hanson ME, Beenhouwer DO. Granulomatous
infectious diseases associated with tumor necrosis factor antagonists. Clin Infect Dis.
(2004) 38:1261-5. doi: 10.1086/383317

31. Pradipta IS, Forsman LD, Bruchfeld J, Hak E, Alffenaar JW. Risk factors of
multidrug-resistant tuberculosis: a global systematic review and meta-analysis. ] Infect.
(2018) 77:469-78. doi: 10.1016/j.jinf.2018.10.004

32.Takeshita J, Shin DB, Ogdie A, Gelfand JM. Risk of serious infection,
opportunistic infection, and herpes zoster among patients with psoriasis in the
United Kingdom. ] Invest Dermatol. (2018) 138:1726-35. doi: 10.1016/j.
jid.2018.01.039

frontiersin.org


https://doi.org/10.3389/fmed.2023.1108119
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1056/NEJMoa1108789
https://doi.org/10.1056/NEJMoa1108789
https://doi.org/10.1164/rccm.201909-1874ST
https://doi.org/10.1164/rccm.201909-1874ST
https://doi.org/10.1371/journal.pone.0270003
https://doi.org/10.4314/ahs.v15i2.9
https://doi.org/10.1111/phn.12582
https://doi.org/10.1371/journal.pone.0071867
https://doi.org/10.1136/thx.2005.045963
https://doi.org/10.1056/NEJM199806043382301
https://doi.org/10.5588/ijtld.12.0628
https://doi.org/10.1371/journal.pone.0105214
https://doi.org/10.1038/s41598-018-23344-z
https://doi.org/10.1136/bmjopen-2020-044349
https://doi.org/10.1136/bmjopen-2020-044349
https://doi.org/10.5588/ijtld.14.0739
https://doi.org/10.1016/j.ijid.2014.12.016
https://doi.org/10.1016/j.ijid.2014.12.016
https://doi.org/10.1038/s41423-021-00694-9
https://doi.org/10.1371/journal.pone.0079431
https://doi.org/10.1371/journal.pone.0079431
https://doi.org/10.3389/fcimb.2021.599386
https://doi.org/10.3389/fcimb.2021.599386
https://doi.org/10.26355/eurrev_201802_14389
https://doi.org/10.1159/000283687
https://doi.org/10.1016/S1473-3099(03)00545-0
https://doi.org/10.1016/S1473-3099(03)00545-0
https://doi.org/10.1126/science.abh2841
https://doi.org/10.3389/fmicb.2021.612675
https://doi.org/10.1155/2017/2810606
https://doi.org/10.1155/2021/6654220
https://doi.org/10.12659/MSM.904309
https://doi.org/10.1093/jac/dkx506
https://doi.org/10.1136/ard.2009.118935
https://doi.org/10.1002/art.24632
https://doi.org/10.1086/383317
https://doi.org/10.1016/j.jinf.2018.10.004
https://doi.org/10.1016/j.jid.2018.01.039
https://doi.org/10.1016/j.jid.2018.01.039

	Risk for multidrug-resistant tuberculosis in patients treated with anti-tumor necrosis factor agents
	Background
	Materials and methods
	Study area and setting
	Study design and study subjects
	Data source
	Ethics statement
	Statistical analysis

	Results
	Characteristics of study participants
	Risk for MDR in patients receiving anti-TNF agents
	Treatment outcome and adverse effects of anti-TB medication

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note

	﻿References

