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Objective: To explore the clinical characteristics and risk factors of common
systemic rheumatism concomitant with tuberculosis (TB).

Methods: A total of 3,906 patients of RA, SLE, and SS diagnosed in the
People’s Hospital of Sichuan Province from January 2007 to January 2017 were
collected. One hundred and five patients with TB were included as TB group,
including 42 RA, 41 SLE, and 22 SS patients. In the non-TB group, 84 RA, 82
SLE, and 44 SS patients were randomly selected during the same period.

Results: Fever was the most common symptom among RA, SLE, and SS
patients with TB, accounting for 83.3%, 92.7%, and 68.2%, respectively. Cough,
weight loss or fatigue were the next common. RA patients with TB were mostly
pulmonary TB (PTB), accounting for 64.3%. The proportion of PTB for SLE and
SS were 46.3%, 59.01%, respectively. In TB group, 59% RA, 57% SLE, and 62% SS
with PTB had two or more chest CT findings. There were 48 TB cases received
both Interferon Gamma Release Assay (IGRA) and Tuberculin skin test (TST)
with positive rates of 91.8%, 45.8%, respectively. The daily average dose of
glucocorticoids within 1 year in TB group was higher than thatin non-TB group
of SLE patients, lower counts of CD4+ T cell count were found in TB group (P
< 0.05), while no such differences were found in RA and SS patients.

Conclusion: RA patients with TB are mainly pulmonary TB. For SLE and SS
patients, the chance of PTB and extrapulmonary tuberculosis is similar. Daily
average dose of glucocorticoids within 1 year may be a common risk factor
for RA, SLE and SS patients developing TB. Decreased CD4+ T cell count may
also be a risk factor for SLE patients with TB. Symptoms of RA, SLE, SS with TB,
are similar with the primary disease or other infection. It is recommended to
conduct both TST and IGRA to help diagnose TB.
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1. Introduction

Rheumatoid arthritis (RA), systemic lupus erythematosus
(SLE), and Sjogren’s syndrome (SS) are common rheumatic
with  high  morbidity.
immunosuppressants are required for treating these diseases,

diseases Glucocorticoids  and
resulting in high infection risk and mortality. The increased
comprehension of infections has led to rapid diagnosis and
reasonable treatment of common pathogenic infections.
Therefore, most infections can be effectively controlled at
an early stage. However, the diagnosis and differentiation
of infections caused by specific pathogens are difficult in
clinical practice.

Tuberculosis (TB) is an infectious disease caused by the
exposure of the body to Mycobacterium tuberculosis (Mtb).
The lung is the most commonly affected organ; however,
other organs can also be affected, leading to extrapulmonary
tuberculosis. Since its advent, TB has been one of the major
public health concerns worldwide. As of 2017, TB remained one
of the top 10 leading causes of death worldwide. According to
the World Health Organization, at least 10 million new cases of
TB were reported worldwide in 2017; however, only 6.4 million
new TB cases were officially reported by national authorities
worldwide; the gap between the estimated and reported numbers
is mainly owing to under-reporting and missed diagnoses (1).
China, as a developing country with a large population base,
experiences a high TB-related economic and social burden.
Although the incidence of TB in China has decreased in recent
years, it remains among the highest in the world; in addition,
multidrug-resistant Mycobacterium tuberculosis infections, low
patient attendance and poor medication adherence among
patients with infection (2) are major concerns in China.
Therefore, early diagnosis and prompt standardized treatment
of TB are crucial for controlling the progression and spread of
TB and improving patient prognosis (1, 3).

Patients with systemic rheumatic diseases (SRDs) are at high
risk for TB (4-7). According to statistics, the incidence of TB in
patients with RA is 0.23% (8). In addition, the incidence of TB
in patients with SLE is 7 times higher than that in the healthy
population in developed countries and is estimated to be 5%
in developing countries (9). Similarly, the incidence of TB in
patients with SS is higher than that in the healthy population
(10). Because most SRDs exhibit atypical manifestations of TB,
they are often considered pure rheumatic diseases, making TB
diagnosis difficult and leading to a high misdiagnosis and missed
diagnosis rate and delayed treatment. Therefore, improving
clinical comprehension of SRDs concomitant with TB and the
rational use of TB screening methods are essential to improve
patient prognosis (11, 12).

Patients with RA, SLE and SS concomitant with TB
diagnosed in Sichuan Provincial People’s Hospital between
January 2007 and January 2017 were included in this study to
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analyse the clinical manifestations and characteristics of TB.
Subsequently, their clinical data were compared with those of
patients with the corresponding rheumatic diseases without TB
to identify risk factors for TB based on disease activity, treatment
regimen and immune status of the body.

A few systematic studies have been reported on rheumatic
diseases concomitant with TB; however, most were single-
disease studies and included few observational indicators (13—
19). In this study, we investigated the clinical manifestations and
influencing factors of TB among patients with various common
rheumatic diseases. Overall, the findings have important
implications for a systematic understanding of the clinical
characteristics and high-risk factors of rheumatic diseases
concomitant with TB, which may assist in early diagnosis

and treatment.

2. Materials and methods

Patients with RA, SLE and SS diagnosed in a hospital from
January 2007 to January 2017 were retrospectively included
based on the current internationally accepted classification
criteria (20-22). The exclusion criteria were as follows: (1) the
presence of two or more rheumatic diseases; (2) the presence of
neoplastic diseases.

Patients with RA, SLE and SS who met the criteria for active
TB (23, 24) were screened to examine the incidence of TB.
Further, patients with other bacterial, fungal and viral infections
were excluded from this group and served as the TB group.

Patients who met the inclusion criteria and were free of
infection were randomly selected based on age in a 1:2 ratio
among patients with rheumatic diseases hospitalized during the
same period. Consequently, 84 patients with RA, 82 patients
with SLE and 44 patients with SS were included in the RA, SLE
and SS control groups, respectively (collectively referred to as
the control group). The activity of SLE, RA and SS was assessed
using the SLEDAI-2000, DAS28 and ESSDAI scales respectively.

General and clinical data were collected in detail.
Characteristics of TB group were described, and differences
between the TB group and the control group were compared.

The SPSS Statistics (version 22.0) software was used
for analyses. The measurement data conforming to normal
distribution including erythrocyte sedimentation rate (ESR)
in SLE and SS patients, C-reactive protein (CRP) levels,
rheumatoid factor (RF) titers, anti-cyclic citrullinated peptide
antibody (anti-CCP) titers, CD4+T cell count, blood cell count,
immunoglobulin G (IgG), Complement C3, Complement C4,
average daily dose of glucocorticoids, treatment duration of
glucocorticoid, and disease activity score were expressed as
X £ s, and the t-test was used for comparing data between
two groups. The measurement data not conforming to normal
distribution including disease course and ESR in RA patients
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TABLE 1 General information of patients in the TB group.

10.3389/fpubh.2022.948652

TB group

RA with TB SLE with TB SS with TB
Sex (F/M) 21/21 35/6 17/5
Age (y), mean & SD 54.6 £ 14.1 40.2 + 14.4 53.3 £ 14.6
Disease course (m), median, range 48 (12, 120) 36 (12, 66) 12 (1, 30)
DAS28, mean + SD 5.65+1.40 - -
SLEDAI, mean + SD - 7.08 £6.13 -
ESSDAI, mean £ SD - - 2.79 £ 1.65

were expressed as M (P25 and P75), and a non-parametric
test (Mann-Whitney U rank-sum test) was used for comparing
data between two groups. Enumeration data including gender,
positive rates of various antibodies, proportion of patients
using immunosuppressants were expressed as frequencies or
percentages, and the chi-square test or Fisher’s exact probability
method was used for comparing data between two groups. A
paired Chi-square test was used to compare the positive rates
of interferon-gamma release assay (IGRA) and tuberculin skin
test (TST) in patients with TB infection. A P < 0.05 indicated a
significant difference.

3. Results

3.1. General information

A total of 3906 patients with RA, SLE and SS diagnosed
from January 2007 to January 2017 met the inclusion criteria,
including 1,273 patients with RA, 1,393 patients with SLE and
1,240 patients with SS. Of the 3,906 patients, 297 (79 patients
with RA, 94 patients with SLE and 37 patients with SS) developed
TB, with infection rates of 6.21%, 6.75%, and 2.98%, respectively.
In addition, the TB group was excluded from other pathogenic
infections. The general information of patients in the TB group
is shown in Table 1.

3.2. Clinical manifestations of various
common rheumatic diseases
concomitant with TB

The main clinical manifestations of patients with RA in the
TB group were fever (83.3%), cough (69%) and weight loss
(45.2%); those of patients with SLE were fever (92.7%), cough
(63.4%) and weight loss (48.8%) and those of patients with SS
were fever (68.2%), cough (54.5%) and malaise (40.9%). Fever
was the predominant manifestation in patients with either of the
three diseases, followed by cough. All patients with previously
diagnosed TB were treated regularly and cured (Table 2).
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3.3. Involvement sites of common
rheumatic diseases concomitant with TB

Of the 42 patients with RA in the TB group, pulmonary and
extrapulmonary tuberculosis accounted for 64.3% and 14.3%
cases, respectively. Of the 41 patients with SLE in the TB
group, pulmonary and extrapulmonary tuberculosis accounted
for 46.3% and 39.0% cases, respectively. Tuberculous meningitis
was the predominant form of extrapulmonary tuberculosis
and was observed in 7 (17.1%) patients, including 1 patient
with concomitant pulmonary tuberculosis. Of the 22 patients
with SS in the TB group, pulmonary and extrapulmonary
tuberculosis accounted for 59.1% and 40.9% cases, respectively,
and tuberculous pleurisy was the predominant form of
extrapulmonary tuberculosis (13.6%) (Table 3).

All patients with pulmonary TB underwent computed
tomography (CT) of the chest. The proportion of patients with
RA, SLE and SS who had a typical involvement site of TB (post-
apical segment of the upper lobe or dorsal segment of the lower
lobe) was 33.3%, 42.9%, and 53.3%, respectively. A total of 11
(40.7%) patients with RA had only one imaging manifestation
of TB, mostly in the form of plaque, fibrous streak or nodules.
A total of 9 (42.9%) patients with SLE had only one imaging
manifestation of TB; of which, 7 patients had plaques, fibrous
streaks or nodules; 1 patient had tuberculoma and 1 patient had
miliary TB. A total of 5 (33.3%) patients with SS had only one
imaging manifestation of TB; of which, 3 patients had plaques,
fibrous streaks or nodules and 2 patients experienced interstitial
changes. In patients with >2 imaging manifestations, calcified
foci, masses or cavities were common (Table 4).

3.4. Comparison of IGRA and TST results

Of the 105 patients with TB infection, 48 underwent both
IGRA and TST. Of these patients, 20 (41.7%) had positive results
for both tests (10 patients had strongly positive TST results), 24
(50.0%) had positive results for IGRA only and 2 (4.2%) had
positive results for TST only (1 patient had a strongly positive
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TABLE 2 Clinical manifestations in the TB group.

10.3389/fpubh.2022.948652

Clinical manifestations RA (n = 42) SLE (n = 41) SS (n = 22)
Fever, n (%) 35(83.3) 38 (92.7) 15 (68.2)
Cough, n (%) 29 (69.0) 26 (63.4) 12 (54.5)
Haemoptysis, 1 (%) 10 (23.8) 8(19.5) 2(9.1)
Malaise, 1 (%) 15 (35.7) 17 (41.4) 9 (40.9)
Night sweat, 7 (%) 15 (35.7) 12 (29.3) 7(31.8)
Weight loss, 1 (%) 19 (45.2) 20 (48.8) 6(27.3)
Lymphonodular hyperplasia, n (%) 7 (16.6) 8(19.5) 4(18.2)
Previously diagnosed TB, # (%) 5(11.9) 4(9.8) 5(22.7)
Cured TB, n (%) 5(11.9) 4(9.8) 5(22.7)

TB, Tuberculosis; RA, Rheumatoid arthritis; SS, Sjogren’s syndrome; SLE, systemic lupus erythematosus.

TABLE 3 Distribution of TB foci in the TB group.
TB foci RA with TB SLE with TB SS with TB
Pulmonary TB, 1 (%) 27 (64.3) 19 (46.3) 13 (59.1)
Tuberculous meningitis, 7 (%) 0 6 (14.6) 0
Tuberculous pericarditis, n (%) 0 0 1(4.5)
Tuberculous pleuritis, n (%) 4(9.5) 5(12.2) 3(13.6)
Tuberculous peritonitis, 7 (%) 1(2.4) 1(2.4) 0
Joint tuberculosis, 7 (%) 6(14.3) 4(9.8) 1(4.5)
Tuberculous lymphadenitis, 7 (%) 2 (4.8) 0 0
Two or more foci, n (%) 0 3(7.3) 2(9.1)
Unknown involvement sites, 7 (%) 2(4.8) 3(7.3) 2(9.1)

TB, Tuberculosis; RA, Rheumatoid arthritis; SS, Sjogren’s syndrome; SLE, Systemic lupus erythematosus.

TABLE 4 Chest CT manifestations of pulmonary TB in TB group.

Diseases Involvement sites, n (%) Single lesion, n (%) Two or more lesions, n (%)
*Tipical sites Other sites

RA with TB 9(33.3) 18 (66.7) 11 (40.7) 16 (59.3)

SLE with TB 9 (42.9) 12 (57.1) 9 (42.9) 12 (57.1)

SS with TB 8(53.3) 7 (46.7) 5(33.3) 10 (66.7)

*Post-apical segment of the upper lobe or dorsal segment of the lower lobe.

TB, Tuberculosis; RA, Rheumatoid arthritis; SS, Sjogren’s syndrome; SLE, Systemic lupus erythematosus; CT, Computed tomography.

result). The rate of IGRA positivity (91.8%) was greater than that
of TST positivity (45.8%) (P < 0.05).

among patients with RA with extrapulmonary TB (14.3%),
with imaging findings suggestive of focal worm-bitten and
broken glass-like and other manifestations in 5 of the 6
patients with joint tuberculosis. A total of 3 patients were
clinically diagnosed by imaging; of which, 1 patient had a
positive result for acid-fast bacillus (AFB) smear examination

3.5. Diagnostic methods

Positive smear or culture results for Mtb were the typical of arthrocentesis fluid and 2 patients had positive pathological

outcomes observed in patients with pulmonary TB (62.7%). biopsy results. Among patients with SLE with extrapulmonary
TB in other sites was mostly diagnosed based on clinical

indications (e.g., imaging changes and/or effective diagnostic

TB, the proportion of patients with tuberculous meningitis was
highest (14.6%). Cerebrospinal fluid was positive for AFB smear

anti-TB treatment). Joint tuberculosis was mostly observed in 1 (14.3%) patient, positive for culture in 1 (14.3%) patient
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and positive for both smear and culture in 1 (14.3%) patient.
The abnormal manifestations of tuberculous meningitis mainly
included elevated total protein levels (71.3%) and decreased
glucose levels (71.3%). Additionally, tuberculous pleuritis was
mostly observed among patients with SS with extrapulmonary
TB (13.6%), with 1 patient diagnosed based on pleural biopsy
and 2 patients diagnosed based on clinical indications.

Summing up, samples from 98 (93.3%) patients were stained
with AFB and cultured in vivo. Among which, 14 cases (14.3%)
were positive for AFB smear only, 7 (7.1%) were positive for
Mtb culture only, and 12 (12.2%) had positive results in both
AFB smear and Mtb culture. No drug-resistant tuberculosis
was found.

3.6. Treatment and prognosis

All patients were administered triple (isoniazid, rifampicin,

and pyrazinamide) or quadruple (isoniazid, rifampicin,
pyrazinamide, and ethambutol) antituberculosis treatment
immediately after the diagnosis of TB. The condition of all
108 patients in the TB group improved after treatment, with

no deaths.

4. Factors influencing the incidence
of tuberculosis in patients with
common rheumatic diseases

4.1. Comparison of clinical data between
the TB and control groups

Differences in sex, age, disease course and disease activity
between the TB and control groups were not statistically
significant (P > 0.05). ESR were 71.5 mm/h (52.0, 104.8) and
53.0 mm/h (28.5, 80.0) in the TB (n = 42) and RA control (n
= 84) groups, respectively (P < 0.05), whereas CRP levels were
23.0 mg/L (7.5, 80.5) and 20.3 mg/L (7.6, 42.0) in the TB (n =
42) and RA control (n = 84) groups, respectively (P < 0.05).
No statistically significant differences were observed in other
indicators such as blood cell count, RE, CCP titer, Ig and CD4+
T cell count.

In the TB (n = 41) and SLE control (n = 82) groups, ESRs
were 53.7 £ 29.0 mm/h (52.0, 104.8) and 40.7 £ 28.3 mm/h
(28.5, 80.0), respectively (P < 0.05), whereas CRP levels were
49.0 mg/L (13.5, 90) and 12.8 mg/L (6.0, 34.8), respectively (P
< 0.05). No statistically significant differences were observed in
other indicators such as blood cell count, ANA, ENA profile, Ig
and complement.

In the TB (n = 22) and SS control (n = 44) groups, ESRs
were 79.6 £ 34.8 mm/h and 44.7 £ 31.2 mm/h, respectively
(P < 0.05), whereas CRP levels were 18.5 mg/L (9.5, 27.8) and
1.0 mg/L (0.0, 6.0), respectively (P < 0.05). No statistically
significant differences were observed in other indicators such
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as blood cell count, RE, ANA, ENA profile (e.g., SSA and SSB
antibodies), complement, Ig and CD4+ T cell count.

4.2. Medication administration in patients
in the TB and non-TB (control) groups

The of
immunosuppressants was compared between the TB and non-

administration glucocorticoids and
TB groups. The average daily dose of glucocorticoids was higher
in all three rheumatic disease groups (TB group) than in the
non-TB group (P < 0.05) (Table 5). The immunosuppressants
used in patients with RA included methotrexate, leflunomide,
cyclophosphamide and hydroxychloroquine; those used in
patients with SLE included cyclophosphamide, cyclosporine A,
mycophenolate mofetil, tacrolimus and leflunomide and those
used in patients with SS included aminopterin, leflunomide,
cyclophosphamide and hydroxychloroquine.

5. Discussion

Patients with common rheumatic diseases are at an
increased risk of developing opportunistic infections owing to
abnormal regulation of autoimmune function, disease activity-
caused body weakness and the use of immunosuppressants.
A study reported considerable morbidity and mortality of
infections in patients with common rheumatic diseases (25).
Among these patients, the risk of TB is 4 and 5 times higher
in patients with RA and SLE, respectively, than in the healthy
population (26, 27). In this study, we retrospectively analyzed
the clinical characteristics and laboratory test indicators of
patients with RA, SLE and SS concomitant with TB who were
diagnosed in Sichuan provincial People’s Hospital in the past
decade. The results of this study may assist in early diagnosis
and treatment.

Common rheumatic diseases may manifest as fever, malaise
and weight loss, which are highly similar to the manifestations
of TB activity. Therefore, common rheumatic diseases may be
misdiagnosed as a general infection, leading to a very high
misdiagnosis and underdiagnosis rate. In this study, the most
common manifestations of RA (or SLE) concomitant with TB
were fever (83.3%), cough (69%) and weight loss (45.2%); the
main manifestations of SLE concomitant with TB were fever
(92.7%), cough (63.4%), and weight loss (48.8%). In addition,
patients with SS concomitant with TB mainly presented with
fever (68.2%), cough (54.5%) and malaise (40.9%). Fever was
the most common manifestation of the three conditions.
Furthermore, the proportion of patients with night sweats and
haemoptysis was 35.7% and 23.8%, 29.3% and 19.5%, and 31.8%
and 9.1%, respectively, among patients with RA, SLE and SS,
respectively, which was consistent with the results of previous
studies (28).
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TABLE 5 Medication administration in the TB and non-TB groups.

10.3389/fpubh.2022.948652

TB group Non-TB group P
*ADD of glucocorticoid only RA 158 +9.2 6.9+ 4.4 0.03
(mg/d), mean £ SD
SLE 0 0 -
SS 150+ 7.1 58+1.5 0.04
*ADD of glucocorticoid combined RA 13.9+6.3 7.42 £4.7 0.01
with immunosuppressants (mg/d),
mean £ SD
SLE 17.8 £ 6.8 10.7 +£7.9 0.03
SS 13.0£5.7 52+44 0.04
Methyprednisone pulse therapy RA 0 0 -
performed within 1 year, n (%)
SLE 6, 14.6 8,9.7 0.39
SS 0 0 -
Treatment duration of RA 60 (1, 120) 60 (1, 120) 0.95
glucocorticoid (months), mean &
SD/median, range
SLE 272+169 30.56 + 28.5 0.53
SS 34 (6.5, 64) 32(4,78) 0.86
Use of immunosuppressants, # (%) RA 20, 47.6 54, 64.3 0.07
SLE 34,829 74,90.2 0.24
SS 7,318 10,22.7 0.43

*Converted into dose of prednisone.

TB, Tuberculosis; RA, Rheumatoid arthritis; SS, Sjogren’s syndrome; SLE, Systemic lupus erythematosus; ADD, Average daily dose.

In terms of foci distribution, pulmonary TB was
predominant in patients with RA and SS (64.3%). In addition,
the proportion of patients with pulmonary and extrapulmonary
TB was comparable among patients with SLE and SS. The
proportion of patients with RA, SLE and SS who had a typical
involvement site of TB (post-apical segment of the upper
lobe or dorsal segment of the lower lobe) was 33.3%, 42.9%,
and 46.2%, respectively. Chest imaging suggested diverse
manifestations. The proportions of patients with RA, SLE and
SS with >2 imaging manifestations were 59%, 57%, and 62%,
respectively. Moreover, fibrous plaques, fibrous streaks and
nodules accounted for a larger proportion of presentations,
which increased the difficulty in differentiating TB from other
pathogenic infections and primary disease lung involvement.
Therefore, multiple imaging examinations, early bronchoscopy,
CT-guided puncture and endoscopic surgical biopsy may be
helpful for early diagnosis.

In this study, patients with RA with extrapulmonary TB
most often presented with joint tuberculosis. A total of 6 patients
with joint tuberculosis mostly presented with swelling or pain
in multiple joints, including tuberculosis-involved joints, as the
main clinical manifestation instead of swelling and pain in
tuberculosis-involved joints only, which may be confused with
pain in multiple joints caused by a primary disease. Therefore,
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active imaging can provide diagnostic clues. Furthermore,
patients with SLE with extrapulmonary TB most often presented
with tuberculous meningitis. Abnormal cerebrospinal fluid
manifestations mainly included elevated total protein (71.3%)
and decreased glucose (71.3%) levels. However, the rate of
positive smear and culture for tuberculous meningitis was very
low, making it difficult to differentiate it from neuropsychiatric
lupus. A total of 7 patients in this study presented with fever
and headache, and cerebrospinal fluid examination suggested
increased protein and decreased glucose levels. Of the 7
patients, two had been misdiagnosed as having active lupus
and were subjected to anti-TB treatment after the failure of
glucocorticoid therapy, eventually achieving effective clinical
outcomes. Therefore, if a patient with SLE presents with fever
and headache after receiving increased doses of glucocorticoids
or immunosuppressive therapy and the cerebrospinal fluid
examination suggests elevated total protein and decreased
glucose levels, tuberculous meningitis may be present. In this
study, extrapulmonary TB was predominant in patients with SS
with tuberculous pleurisy (13.6%), which is clinically diagnosed
mainly via the absorption of pleural fluid and the relief of
symptoms such as fever and cough after anti-TB treatment.

No significant differences in sex, age and disease course
were observed between the TB and non-TB groups, which
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is consistent with the results of previous studies (29). Risk
factors for the incidence of TB in patients with SLE have
been explored more frequently. The average daily dose of
glucocorticoids is associated with the incidence of TB, with
conflicting findings regarding the correlation between the
administration of immunosuppressants and disease activity (30—
32). In this study, the average daily dose of glucocorticoids
was significantly higher in the TB group than in the control
group, suggesting that it is a high-risk factor for the incidence
of TB, which is consistent with the findings of previous
studies (33). Although disease activity and the administration
of immunosuppressants were not found to be associated
with the risk of TB, a decrease in CD4+ T cell count
increased the risk of TB. To the best of our knowledge,
the correlation between CD4+ T cell count and the risk
of TB in patients with SLE has not been reported in
previous studies. This study suggests that CD4+ T cell count
can help to predict the risk of TB. Therefore, large-scale
prospective trials should be designed in the future to validate
this finding.

To date, studies on TB in patients with RA have focused
on biological agents, especially TNF-a antagonists. Biological
agents, especially monoclonal TNF-a antagonists, increase the
risk of TB compared with conventional disease-modifying
antirheumatic drugs (DMARDs). However, Arkema et al.
(34) reported that although the incidence of TB in patients
with RA receiving TNF-o antagonists was consistently higher
than that in patients who were not treated with biological
agents, it significantly decreased each year after 2002. However,
the incidence of TB in patients with RA who were not
treated with biological agents remained approximately 4
times higher than that in the general population, with no
trend of improvement. Therefore, the risk of TB caused
by high-risk biological agents can be reduced through
rigorous TB screening and aggressive prophylactic anti-TB
treatment. However, the population not receiving biologics
is neglected to some extent, resulting in a poorly controlled
risk of TB. In this study, patients in both TB and control
groups were not administered biological agents. Similar to
the case of SLE, the average daily dose of glucocorticoids
was associated with the incidence of TB in patients with
RA, whereas the use of conventional DMARDs was not
significantly associated with the risk of TB. Moreover, indicators
such as disease activity and CD4+4 T cell count were
not associated with the risk of developing TB in patients
with RA.

A few studies have been conducted to quantify the risk
of TB in patients with SS. Chang et al. (16) observed
a positive correlation between the average daily use of
glucocorticoids and the incidence of TB based on a survey
of a Taiwanese population. However, he did not observe a
correlation between immunosuppressants and the incidence of
TB and did not investigate the association between disease
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activity and the risk of TB. In this study, the average daily
dose of glucocorticoids was correlated with the incidence of
TB in patients with SS, whereas indicators such as disease
course, disease activity, IgG and CD4+ T cell count were
not correlated with the incidence of TB. However, owing
to the relatively small number of patients with SS with TB,
future expansion of the sample size is warranted to validate
this finding.

In clinical practice, differential diagnosis of Mtb and
mycobacteria (NTM) species is still
a challenge since both Mtb and NTM show positivity
to AFB smear and have similar clinical manifestations.

non-tuberculous

However, NTM diseases have poor response to anti-TB
drugs (35). In our study, although no NTM culture or gene
sequencing was made, anti-tubercular treatment was effective
for every patient in TB group, which in turn confirmed
the diagnosis.

Overall, in terms of the risk of antirheumatic therapy-
induced TB, the average daily dose of glucocorticoids
administered to patients with RA, SLE and SS concomitant
with TB was more than a prednisolone equivalent dose
of 10 mg/d, and the maximum dose received by patients
with SLE was 17.8 £ 6.8 mg/d. A study by Kim HA (36)
suggested that the risk of TB was significantly increased
when patients with rheumatic diseases received an average
daily prednisone dose of 10-20mg, which is consistent
with the results of the present study. Therefore, patients
with rheumatic diseases who require long-term use of
equivalent prednisone at a dose of >10 mg/d should be
alerted to the incidence of TB. In addition, pre-administration
screening, continuous follow-up and prophylactic anti-TB
treatment, if required, are necessary to reduce the risk
of TB incidence or recurrence. Given the complexity of
TB manifestations, TB should be screened at all possible
involvement sites if anti-rheumatic therapy did not achieve
the desired efficacy. Furthermore, combined testing via
IGRA and TST is recommended to provide additional
diagnostic clues.

Data availability statement

The original contributions presented in the study are
included in the article/supplementary material, further inquiries
can be directed to the corresponding authors.

Author contributions

Conceptualization: GT and XC. Methodology: QP. Software:
YH. Validation: JiajL, QP, and HG. Formal analysis: JianL.
Investigation and resources: YL. Data curation: XW. Writing—
original draft preparation: QZ. Writing—review and editing:
QZ and LL. Visualization: GT. Supervision: XC. Project

frontiersin.org


https://doi.org/10.3389/fpubh.2022.948652
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Tang et al.

administration: LL. All authors have read and agreed to the
published version of the manuscript.

Funding

This research was supported by the Foundation of Sichuan
Science and Technology Bureau (2020JDRC0118).

Conflict of interest

The authors declare that the research was conducted in
the absence of any commercial or financial relationships

References

1. World Health Organization. Global Tuberculosis Report 2021 (EB/OL).
Available online at: https://www.who.int/teams/global-tuberculosis- programme/
tb-reports/global-tuberculosis-report-2021 (accessed October 14, 2021).

2. Long Q, Guo L, Jiang W, Huan S, Tang S. Ending tuberculosis
in China: health system challenges. Lancet Public Health. (2021) 6:¢948-
53. doi: 10.1016/52468-2667(21)00203-6

3. Suarez I, Fiinger SM, Kréger S, Rademacher ], Fatkenheuer G, Rybniker J.
The diagnosis and treatment of tuberculosis. Dtsch Arztebl Int. (2019) 116:729—
35. doi: 10.3238/arztebl.2019.0729

4. Anton C, Machado FD, Ramirez JMA, Bernardi RM, Palominos PE, Brenol
CV, et al. Latent tuberculosis infection in patients with rheumatic diseases. ] Bras
Pneumol. (2019) 45:¢20190023. doi: 10.1590/1806-3713/€20190023

5. Xiao X, Da G, Xie X, Liu X, Zhang L, Zhou B, et al. Tuberculosis in patients
with systemic lupus erythematosus-a 37-year longitudinal survey-based study. J
Intern Med. (2021) 290:101-15. doi: 10.1111/joim.13218

6. Gardam M, Iverson K. Rheumatoid arthritis and tuberculosis: time to take
notice. ] Rheumatol. (2003) 30:1397-9.

7. Miltiniene D, Dereseviciene G, Nakéeriene B, Davidaviciene VE, Danila E,
Butrimiene I, et al. Incidence of tuberculosis in inflammatory rheumatic diseases:
results from a Lithuanian retrospective cohort study. Medicina (Kaunas). (2020)
56:392. doi: 10.3390/medicina56080392

8. Au K, Reed G, Curtis JR, Kremer JM, Greenberg JD, Strand YV,
et al. High disease activity is associated with an increased risk of infection
in patients with rheumatoid arthritis. Ann Rheum Dis. (2011) 70:785-
91. doi: 10.1136/ard.2010.128637

9. Singh JA, Hossain A, Kotb A, Wells G. Risk of serious infections
with immunosuppressive drugs and glucocorticoids for lupus nephritis:

a systematic review and network meta-analysis. BMC Med. (2016)
14:137. doi: 10.1186/s12916-016-0673-8

10. Duru N, van der Goes MC, Jacobs JW, Andrews T, Boers
M, Buttgereit E et al. EULAR evidence-based and consensus-based
recommendations on the management of medium to high-dose
glucocorticoid therapy in rheumatic diseases. Ann Rheum Dis. (2013)
72:1905-13. doi: 10.1136/annrheumdis-2013-203249

11. Walzl G, McNerney R, du Plessis N, Bates M, McHugh
TD, Chegou NN, et al. Tuberculosis: advances and challenges in

development of new diagnostics and biomarkers. Lancet Infect Dis. (2018)
18:€199-210. doi: 10.1016/S1473-3099(18)30111-7

12. Allwood BW, Byrne A, Meghji ], Rachow A, van der Zalm MM, Schoch
OD. Post-tuberculosis lung disease: clinical review of an under-recognised global
challenge. Respiration. (2021) 100:751-63. doi: 10.1159/000512531

13. Liu X, Zhang L, Zhang F, Zeng X, Zhao Y, Wang Q, et al. Prevalence and
risk factors of active tuberculosis in patients with rheumatic diseases: a multi-
center, cross-sectional study in China. Emerg Microbes Infect. (2021) 10:2303—
12. doi: 10.1080/22221751.2021.2004864

14. Balbi GGM, Machado-Ribeiro E Marques CDL, Signorelli F, Levy
RA. The interplay between tuberculosis and systemic lupus erythematosus.

Frontiersin Public Health

08

10.3389/fpubh.2022.948652

that could be
of interest.

construed as a potential conflict

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.

Curr Opin Rheumatol. (2018) 30:395-402. doi: 10.1097/BOR.00000000000
00493

15. Yamada T, Nakajima A, Inoue E, Tanaka E, Hara M, Tomatsu T,
et al. Increased risk of tuberculosis in patients with rheumatoid arthritis
in Japan. Ann Rheum Dis. (2006) 65:1661-3. doi: 10.1136/ard.2005.
047274

16. Chang YS, Liu CJ, Ou SM, Hu YW, Chen TJ, Lee HT, et al. Tuberculosis
infection in primary Sjogren’s syndrome: a nationwide population-based study.
Clin Rheumatol. (2014) 33:377-83. doi: 10.1007/s10067-013-2408-y

17. Chao WC, Lin CH, Liao TL, Chen YM, Chen DY, Chen HH. Association
between a history of mycobacterial infection and the risk of newly diagnosed
Sjogren’s syndrome: a nationwide, population-based case-control study. PLoS
ONE. (2017) 12:e0176549. doi: 10.1371/journal.pone.0176549

18. de Vries MK, Arkema EV, Jonsson ], Bruchfeld J, Jacobsson LTH, Askling
J, et al. Tuberculosis risk in ankylosing spondylitis, other spondyloarthritis, and
psoriatic arthritis in Sweden: a population-based cohort study. Arthritis Care Res
(Hoboken). (2018) 70:1563-7. doi: 10.1002/acr.23487

19. Lim CH, Chen HH, Chen YH, Chen DY, Huang WN, Tsai J], et al. The
risk of tuberculosis disease in rheumatoid arthritis patients on biologics and
targeted therapy: a 15-year real world experience in Taiwan. PLoS ONE. (2017)
12:e0178035. doi: 10.1371/journal.pone.0178035

20. Kay J, Upchurch KS. ACR/EULAR 2010
classification  criteria. ~ Rheumatology — (Oxford).
6:vi5-9. doi: 10.1093/rheumatology/kes279

21. Petri M, Orbai AM, Alarcén GS, Gordon C, Merrill JT, Fortin PR, et al.
Derivation and validation of the systemic lupus international collaborating clinics
classification criteria for systemic lupus erythematosus. Arthritis Rheum. (2012)
64:2677-86. doi: 10.1002/art.34473

22. Vitali C, Bombardieri S, Jonsson R, Moutsopoulos HM, Alexander EL,
Carsons SE, et al. Classification criteria for Sjogren’s syndrome: a revised version of

the European criteria proposed by the American-European ConsensusGroup. Ann
Rheum Dis. (2002) 61:554-8. doi: 10.1136/ard.61.6.554

23. NHFPC. Classification of tuberculosis (WS196-2017). Chin J Infect Control.
(2018) 17:368-9. doi: 10.3969/j.issn.1671-9638.2018.04.019

24. NHFPC. Diagnosis for pulmonary tuberculosis (WS288-2017). Chin J Infect
Control. (2018) 17:642-52. doi: 10.3969/j.issn.1671-9638.2018.07.019

arthritis
Suppl

rheumatoid
(2012) 51

25. Di Franco M, Lucchino B, Spaziante M, Iannuccelli C, Valesini G, Iaiani G.
Lung infections in systemic rheumatic disease: focus on opportunistic infections.
Int ] Mol Sci. (2017) 18:293. doi: 10.3390/ijms18020293

26. Mak A, Cheung MW, Chiew HJ, Liu Y, Ho RC. Global trend of survival
and damage of systemic lupus erythematosus: meta-analysis and meta-regression
of observational studies from the 1950s to 2000s. Semin Arthritis Rheum. (2012)
41:830-9. doi: 10.1016/j.semarthrit.2011.11.002

27. Baronnet L, Barnetche T, Kahn V, Lacoin C, Richez C,
Schaeverbeke T. Incidence of tuberculosis in patients with rheumatoid
arthritis. A systematic literature review. Joint Bone Spine. (2011)
78:279-84. doi: 10.1016/j.jbspin.2010.12.004

frontiersin.org


https://doi.org/10.3389/fpubh.2022.948652
https://www.who.int/teams/global-tuberculosis-programme/tb-reports/global-tuberculosis-report-2021
https://www.who.int/teams/global-tuberculosis-programme/tb-reports/global-tuberculosis-report-2021
https://doi.org/10.1016/S2468-2667(21)00203-6
https://doi.org/10.3238/arztebl.2019.0729
https://doi.org/10.1590/1806-3713/e20190023
https://doi.org/10.1111/joim.13218
https://doi.org/10.3390/medicina56080392
https://doi.org/10.1136/ard.2010.128637
https://doi.org/10.1186/s12916-016-0673-8
https://doi.org/10.1136/annrheumdis-2013-203249
https://doi.org/10.1016/S1473-3099(18)30111-7
https://doi.org/10.1159/000512531
https://doi.org/10.1080/22221751.2021.2004864
https://doi.org/10.1097/BOR.0000000000000493
https://doi.org/10.1136/ard.2005.047274
https://doi.org/10.1007/s10067-013-2408-y
https://doi.org/10.1371/journal.pone.0176549
https://doi.org/10.1002/acr.23487
https://doi.org/10.1371/journal.pone.0178035
https://doi.org/10.1093/rheumatology/kes279
https://doi.org/10.1002/art.34473
https://doi.org/10.1136/ard.61.6.554
https://doi.org/10.3969/j.issn.1671-9638.2018.04.019
https://doi.org/10.3969/j.issn.1671-9638.2018.07.019
https://doi.org/10.3390/ijms18020293
https://doi.org/10.1016/j.semarthrit.2011.11.002
https://doi.org/10.1016/j.jbspin.2010.12.004
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Tang et al.

28. Yun JE, Lee SW, Kim TH, Jun JB, Jung S, Bae SC, et al. The incidence and
clinical characteristics of Mycobacterium tuberculosis infection among systemic
lupus erythematosus and rheumatoid arthritis patients in Korea. Clin Exp
Rheumatol. (2002) 20:127-32.

29. Jick SS, Lieberman ES, Rahman MU, Choi HK. Glucocorticoid use, other
associated factors, and the risk of tuberculosis. Arthritis Rheum. (2006) 55:19-
26. doi: 10.1002/art.21705

30. Macauley P, Rapp M, Park S, Lamikanra O, Sharma P, Marcelin
M, et al. Miliary tuberculosis presenting with meningitis in a patient
treated with mycophenolate for lupus nephritis: challenges in diagnosis and
review of the literature. ] Investig Med High Impact Case Rep. (2018)
6:2324709618770226. doi: 10.1177/2324709618770226

31. Cooray S, Zhang H, Breen R, Carr-White G, Howard R, Cuadrado M,
et al. Cerebral tuberculosis in a patient with systemic lupus erythematosus
following cyclophosphamide treatment: a case report. Lupus. (2018) 27:670-
5. doi: 10.1177/0961203317722849

32. Tam LS Li EK, Wong SM, Szeto CC. Risk factors and clinical
features for tuberculosis among patients with systemic lupus erythematosus in

Frontiersin Public Health

09

10.3389/fpubh.2022.948652

Hong Kong. Scand ] Rheumatol. (2002) 31:296-300. doi: 10.1080/030097402760
375205

33. Long W, Cai E Wang X, Zheng N, Wu R. High risk of activation of latent
tuberculosis infection in rheumatic disease patients. Infect Dis (Lond). (2020)
52:80-6. doi: 10.1080/23744235.2019.1682187

34, Arkema EV, Jonsson ], Baecklund E, Bruchfeld J, Feltelius N,
Askling J, et al. Are patients with rheumatoid arthritis still at an increased

risk of tuberculosis and what is the role of biological treatments?
Ann  Rheum Dis. (2015) 74:1212-7. doi: 10.1136/annrheumdis-2013-2
04960

35. Gopalaswamy R, Shanmugam S, Mondal R, Subbian S.
Of  tuberculosis and  non-tuberculous  mycobacterial  infections—
a comparative analysis of epidemiology, diagnosis and
treatment. | Biomed Sci. (2020) 27:74. doi: 10.1186/s12929-020-0
0667-6

36. Kim HA, Yoo CD, Back HJ, Lee EB, Ahn C, Han JS, et al. Mycobacterium
tuberculosis infection in a corticosteroid-treated rheumatic disease patient
population. Clin Exp Rheumatol. (1998) 16:9-13.

frontiersin.org


https://doi.org/10.3389/fpubh.2022.948652
https://doi.org/10.1002/art.21705
https://doi.org/10.1177/2324709618770226
https://doi.org/10.1177/0961203317722849
https://doi.org/10.1080/030097402760375205
https://doi.org/10.1080/23744235.2019.1682187
https://doi.org/10.1136/annrheumdis-2013-204960
https://doi.org/10.1186/s12929-020-00667-6
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

	Clinical characteristics and related influencing factors of common rheumatic diseases concomitant with tuberculosis
	1. Introduction
	2. Materials and methods
	3. Results
	3.1. General information
	3.2. Clinical manifestations of various common rheumatic diseases concomitant with TB
	3.3. Involvement sites of common rheumatic diseases concomitant with TB
	3.4. Comparison of IGRA and TST results
	3.5. Diagnostic methods
	3.6. Treatment and prognosis

	4. Factors influencing the incidence of tuberculosis in patients with common rheumatic diseases
	4.1. Comparison of clinical data between the TB and control groups
	4.2. Medication administration in patients in the TB and non-TB (control) groups

	5. Discussion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


