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Background. In previous studies, researchers have identified systemic lupus erythematosus (SLE) as a risk factor for
tuberculosis (TB), but data from TB-endemic countries are still relatively scarce. We examined TB in a large cohort of SLE
patients in Indonesia.

Methods. All patients registered in a lupus registry of the top referral hospital for West Java between 2008 and 2020 were
included. Data on SLE characteristics and treatment were retrieved from the registry, and data on TB diagnosis, localization,
and outcome were extracted from medical records. Cox-proportional hazard model was used to examine risk factors for
development of TB.

Results. Among 1278 SLE patients observed over a total of 4804 patient-years, 131 patients experienced 138 episodes of TB,
a median of 2 years (interquartile range, 0.6–5.4) after diagnosis of SLE. A total of 113 patients (81.9%) had pulmonary
involvement and 61 (44.2%) had extrapulmonary involvement, with disseminated disease in 26 of 138 episodes (18.8%), and 13
of 131 patients (9.9%) died from TB. The estimated TB incidence was 2873 cases per 100 000 person years. In multivariate cox
regression analysis, development of TB was associated with household TB contact (hazard ratio [HR], 7.20; 95% confidence
interval [CI], 4.05–12.80), pulse methylprednisolone therapy (HR, 1.64; 95% CI, 1.01–2.67), and age ≤25 years old at SLE
diagnosis (HR, 1.54; 95% CI, 1.00–2.35).

Conclusions. There is a high burden of TB in SLE patients in this TB-endemic setting, underlining the need for evaluation or
implementation of TB preventive strategies.
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Infections are a leading cause of morbidity and mortality
among patients treated with immunosuppressive agents. An in-
fectious complication of particular interest is tuberculosis (TB),
which is reported to be more frequent in patients with rheu-
matic diseases including systemic lupus erythematosus (SLE),
especially for those living in TB-endemic settings [1,2].

Development of TB may either be a result ofMycobacterium
tuberculosis infection earlier in life, with reactivation of latent

TB infection under immunosuppressive therapy, or newly ac-
quired infection with primary progression to active TB [3].
Moreover, due to immunosuppressive therapy, extrapulmo-
nary or disseminated TB may be more common, diagnosis of
TB may be more challenging, and treatment outcomes might
be worse in patients with SLE [4,5].
Indonesia has the second highest number of TB cases

globally [6], but little is known about the TB burden among
SLE patients in Indonesia. Therefore, in this study, we evaluat-
ed incidence, clinical characteristics, and risk factors for TB in
SLE patients in an urban setting in Indonesia.

METHODS

Study Design and Settings

This was a retrospective cohort study involving all SLE patients
who were registered from 2008 to 2020 in the Lupus Registry at
Dr. Hasan Sadikin General Hospital, Bandung, Indonesia,
the largest referral hospital for West Java, a province with
41 million inhabitant. In brief, the Lupus Registry is a database
relating to SLE patients from the time they were first diagnosed
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onwards. Included are data on clinical manifestations, labora-
tory test results, treatment, and clinical outcome [7].
Comorbidities are recorded both at onset (entry in the registry)
and during follow-up. However, details of TB (such as specific
TB manifestations, microbiological testing etc) were retrieved
from patients’ medical records).

Data Collection

Patients were included if they fulfilled American College of
Rheumatology 1997 and/or Systemic Lupus International
Collaborating Clinics 2012 Classification Criteria for SLE.
They were excluded if there was no date of SLE diagnosis or
date of birth. History of Bacille Calmette-Guerin (BCG) vacci-
nation, smoking, and close contact to an infectious TB patient
were retrieved by interview when patients entered the SLE reg-
istry. The SLE starting date was recorded as the first time an in-
dividual was diagnosed with SLE. Most of our patients visit the
outpatient clinic monthly initially, then every 3 months when
SLE is in remission. Recorded visits of each patient were col-
lected from the registry until their last visit in December
2020. Patients were considered lost to follow-up if they did
not have any visit from December 2018 to the end of the study
date and were not known to have died. Medications used for
SLE were extracted from the registry and included corticoste-
roids as well as complications and their treatment, such as vas-
culitis, nephritis, and hemodialysis. Recorded information on
other comorbidities, such as diabetes, was limited and not in-
cluded in the analysis.

Histopathology, sputum smear microscopy for acid-fast ba-
cilli, and sputum molecular TB diagnostic testing by Xpert
MTB/Rif (which was introduced in approximately 2012) were
used to define a diagnosis of definite TB; sputumM tuberculosis
culture is not routinely performed in Indonesian hospitals.
Clinical TB (without microbiological confirmation) was de-
fined as TB diagnosed or anti-TB treatment started by the at-
tending physician.

Patient Consent Statement

Written consent was obtained from all of patients involved in
this study. The registry had received ethical clearance from
the Ethic Committee of University of Padjadjaran (number
036/UN6.KEP/EC/2021).

Statistical Analysis

Comparisons between presenting clinical features and the prev-
alence of various clinical manifestations were made using the χ2

or Fisher exact tests. The unpaired Students’ t test was used to
compare parametric continuous data between 2 groups. When
normal distribution or equal variance could not be assumed,
theMann-WhitneyU test was used instead. Correlation between
various continuous data was evaluated by Spearman’s rank cor-
relation test. Estimates of the survival of the patients were

studied by life table analysis using the Kaplan-Meier method.
Survival curves with the presence and absence of a TB event
were compared using the non-parametric log-rank test.
Univariate and multivariate analyses of the predictive factors
for TB were conducted using a Cox proportional hazard regres-
sionmodel. Statistical significance was defined as a P value of less
than .05, 2-tailed, without correction for multiple testing.

RESULTS

Among a total of 1293 registered SLE patients, 1278 could be
included in the study, most of whom were young females
(Table 1). Nephritis was the most commonly reported compli-
cation (45.3%). Almost all patients used corticosteroids, and
many had previously received pulse methylprednisolone
(MP) or other immunosuppressive therapy (Table 1).
Regarding possible other risk factors for TB, human immuno-
deficiency virus (HIV) and diabetes were not systematically
screened for, but few reported smoking or a history of TB in
the household. There were 130 (10.2%) patients with a history
of TB when they were diagnosed with SLE, and 18 of them de-
veloped another episode of TB after diagnosed SLE.

Table 1. Baseline Characteristic and Treatment of Systemic Lupus
Erythematosus Patientsa

Characteristics
Total SLE Patients

n=1278

Female gender 1123 (95.7)

Median disease duration, years (IQR) 2.3 (0.5–5.8)

Median age diagnosed, years (IQR) 27 (22–35)

Age of SLE diagnosis

≤25 years old 552 (43.2)

.25 years old 726 (56.8)

BCG scar, n/N (%) 230/388 (59.3)

Household TB contact, n/N (%) 29/711 (4.1)

Smoking (current/ever), n/N (%) 69/756 (9.1)

History of TB before SLE diagnosis 130 (10.2)

Complication

Nephritis 579 (45.3)

Vasculitis 85 (6.7)

Hemodialysis 18 (1.4)

Medication

Corticosteroids 1247 (97.6)

Chloroquine/hydroxychloroquine 675 (52.8)

Azathioprine 557 (43.6)

Cyclophosphamide 293 (22.9)

Mycophenolate mofetil/mycophenolate acid 287 (22.5)

Ever methylprednisolone pulse therapy 239 (18.7)

Methotrexate 82 (6.4)

Cyclosporine 84 (6.6)

Rituximab 9 (0.7)

Abbreviations: BCG, Bacille Calmette-Guerin; IQR, interquartile range; SLE, systemic lupus
erythematosus; TB, tuberculosis.
aData are presented as percentage unless stated otherwise. Data for BCG scar, household
TB contacts, and smoking status were only available for 388, 711, and 756 individuals,
respectively.
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Patients were followed for a median of 2.3 years (interquar-
tile range [IQR], 0.5–5.8). During follow-up, 138 episodes of TB
were recorded in 131 patients; 7 patients experienced 2 episodes
of TB during follow-up. Most patients presented with (1)

pulmonary TB or (2) a combination of pulmonary and extrap-
ulmonary disease (Table 2). Microbiological examination could
be verified in 85 of 113 (65%) patients with pulmonary disease,
61 of 85 (72%) of whom had confirmed TB by positive sputum
smear microscopy (47 or 64 tested) and/or sputum Xpert TB/
RIF testing (47 or 64 tested). Three patients who developed pul-
monary TB were diagnosed with rifampicin-resistant TB, based
on sputum Xpert TB/Rif molecular testing. Among 62 patients
with extrapulmonary involvement, most suffered from lymph-
adenitis (n= 22), miliary disease (n= 15), or meningitis (n=
11); bacteriological or histopathological confirmation of TB
was found in 17 of these patients. Thirteen of the 131 diagnosed
TB patients (9.9%) died during their episode of active TB.
With 138 episodes of TB disease during 4804 person years of

follow-up, the incidence was 2873 (95% confidence interval
[CI], 2400–3345) cases per 100 000 person years. The median
duration until the diagnosis of TB after SLE diagnosis was 2
years (IQR, 0.6–5.4). There were 6 patients diagnosed with
TB within 2 weeks after diagnosis of SLE. The incidence rate
of TB was 48.5/1000 patients in the first year after SLE diagno-
sis, diminishing to 30/1000 patients by year 5, and remaining
relatively constant after that (data in the Supplement). The es-
timated cumulative TB incidence at 15 years was 29.0%
(Figure 1).

Table 2. Disease Localization and Diagnosis for 138 TB Episodes Among
131 SLE Patientsa

Disease Localization Number (%)
Proportion With

Definite TB (n/N, %)

Pulmonary and extrapulmonary 36 (26.1)

Pulmonary only 77 (55.8)

Extrapulmonary only 25 (18.1)

Pulmonary involvement 113 (81.9) 61/85 (71.8)

Extrapulmonary involvement 61 (44.2)

Meningeal 11 (8.0) 2/3 (66.7)

Pleural 9 (6.5)

Pericardial 1 (0.7)

Lymphadenitis 21 (15.2) 11/11(100)

Miliary 15 (10.9)

Abdominal 6 (4.3) 3/3 (100)

Genitourinary 1 (0.7) 1/1(100)

Mucocutaneous 2 (1.4)

Musculoskeletal 5 (3.6)

Abbreviations: SLE, systemic lupus erythematosus; TB, tuberculosis.
aDefinite TB: positive to at least 1 of histopathology, sputum microscopy, or Xpert MTB/Rif
molecular testing. The value is the positive results of the tests that have been done.

Figure 1. The Kaplan-Meier of estimated cumulative tuberculosis (TB) incidence over time among patients with systemic lupus erythematosus.
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Significant differences were found between patients who de-
veloped TB and those who did not (Table 3). In multivariate
cox regression analysis, household TB contact (hazard ratio
[HR], 7.20; 95% CI, 4.05–12.80), a history of methylpredniso-
lone pulse therapy (HR, 1.64; 95% CI, 1.01–2.67), and age
≤25 years old at SLE diagnosis (HR, 1.54; 95% CI, 1.00–2.35)
were independently and significantly associated with develop-
ment of TB, whereas a history of BCG vaccination (HR, 0.63;
95% CI, .42–.95) was associated with a lower risk (HR, 0.67;
95% CI, .43–1.04) (Table 3). The cumulative TB incidence
was significantly higher in patients without a BCG scar and
those who were under age 25 years at time of diagnosis
(Figure 2A and B, increasing steadily over time). Those who
had a known TB contact and those who had received MP pulse
therapy also showed significant differences in cumulative inci-
dence, which plateaued after the first few years of follow-up
(Figure 2C and D), in keeping with MP pulse therapy mostly
being used early in SLE treatment, and TB contact history being
taken at the time of recruitment. Of the 1278 lupus patients in
this cohort, 131 died during the study period. A total of 567 pa-
tients did not visit the rheumatology outpatient clinic in the fi-
nal 2 years of the study period (2018–2020); they most likely
continued their care at a lower-level health facility and were
considered lost to follow-up.

DISCUSSION

In this cohort of approximately 1300 SLE patients inWest Java,
Indonesia, TB was a common complication. Althoughmost pa-
tients presented with pulmonary disease, almost one fifth of
cases presented with disseminatedmiliary TB or TBmeningitis.
Younger age (≤25 years) at the time of SLE diagnosis, high-
dose pulse corticosteroid therapy, and history of a TB contact
were identified as risk factors for development of TB. These
data clearly show the burden of TB in SLE patients living in
TB-endemic countries and the need for awareness and mitigat-
ing measures.
Our study is the largest reported so far from a TB-endemic

country, but the incidence of TB in SLE patients in this study
was comparable to studies from India (309 SLE patients; TB in-
cidence 2450/100 000 person-years), Malaysia (102 SLE patients;
TB incidence 1067/100 000 person-years), and Korea (283 SLE
patients; TB incidence 790/100 000 person-years) [1]. The inci-
dence was much higher than the current estimated TB incidence
in Indonesia of 312/100 000, or the estimated incidence of 349/
100 000 in 2008, when the first patients entered this cohort [6].
The younger age at SLE diagnosis along with the disease itself

and additional exposure to immunosuppressive therapy result
in an increased susceptibility to TB. Significant findings regard-
ing younger age were noted to increase the risk of TB in this
study. Bacille Calmette-Guerin vaccine, which used to be given
in newborns, has proved to protect against TB in youngTa
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children, but its efficacy varies against pulmonary TB in adults
[8,9]. In a review of several observational studies, researchers
reported that BCG induced trained immunity against TB,
which might involve epigenetic and metabolic changes of in-
nate immune cells [10]. Our data demonstrated a significant
protective effect of BCG (HR, 0.63; P = .026) on TB develop-
ment among SLE patients, but multivariable analysis could
not be performed due to missing data.

Autoimmune diseases including SLE, especially where immu-
nosuppressive medications are needed based on disease activity,
may amplify the risk of TB. As shown in previous studies, the use
of steroid and or immunosuppressive drugs implies serious po-
tential risk factors for infections [2,11,12]. Active TB was also re-
ported to be more frequent in patients with other rheumatic
diseases, including rheumatoid arthritis, Sjogren’s syndrome,
and systemic vasculitis, especially for those living in
TB-endemic settings [2]. Corticosteroid and immunosuppressive
agents are the mainstay treatment in SLE. A retrospective case-
control study in Colombia showed that 12 months of cumulative
steroid dose ≥1830 mg almost tripled the risk of TB [13]. A
13-year cohort study of SLE patients in Taiwan has shown that

corticosteroid treatment was associated with a more than
10-fold increased risk of TB [14]. In our study, almost all patients
used corticosteroids, but those patients who also received pulse
methylprednisolone treatment had an almost 2-fold increased
risk of TB, in line with a longitudinal study from China [15].
Evidence of risk of TB associated with the use of other immu-

nosuppressive drugs in patients with SLE is mixed [16,17].
Cyclophosphamide was associated with an almost 3-fold risk
of TB in a cohort study in Taiwan [14]. In contrast, consistent
with our study, there was no increase in risk in a case-control
study in Hong Kong, where azathioprine, cyclophosphamide,
and cyclosporin were the immunosuppressive agents used
[18]. In univariate analysis, chloroquine or hydroxychloro-
quine use was associated with a lower risk of developing TB
among our SLE patients, but this finding may also be a result
of confounding by indication, because these drugs are mostly
used for milder disease. We did not specifically measure disease
activity as a risk factor, but nephritis, as a marker of higher dis-
ease activity, was not significantly associated with the develop-
ment of TB. Yang et al [14], showed a similar finding in SLE
patients with renal complications. In contrast, a study from

Figure 2. Kaplan-Meyer cumulative tuberculosis (TB) incidence by Bacille Calmette-Guerin (BCG) vaccine (A), age of systemic lupus erythematosus (SLE) diagnosis
(B), household contact (C), and ever received methylprednisolone (MP) pulse therapy (D).
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Tam et al [18] showed nephritis was associated with over twice
the risk of TB.

CONCLUSIONS

Our study has several limitations. First, some relevant clinical
data were not recorded in our database, such as average daily
and cumulative dose of corticosteroids [18,19]. Second, data
on other risk factors for TB such as diabetes and HIV infection
were incomplete, noting that diabetes prevalence is likely to be
low in this young population (as shown in the low proportion
with glycosuria), and that the HIV prevalence in the general
population in Indonesia is estimated to be only 0.3%. We did
not actively perform TB-case finding for all patients. In addi-
tion, bacteriological assessments were incomplete, noting that
routine TB diagnosis in Indonesia does not include sputum cul-
ture, and that Xpert TB, which was introduced in 2012, is still
not widely implemented [20]. Finally, subjects were patients at
tertiary referral hospital, limiting the generalizability of the
findings of the study and loss to follow-up cases from the reg-
istry. However, our study can still conclude that there is a very
high burden of TB among SLE patients in this TB-endemic set-
ting. This finding reinforces the need for studies evaluating the
benefits or implementation of latent tuberculosis infection
screening and TB-preventive therapy in TB-endemic countries.

Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases

online. Consisting of data provided by the authors to benefit the reader, the
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authors, so questions or comments should be addressed to the correspond-
ing author.
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