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Abstract
To investigate the characteristics and associated factors forMycobacterium tuberculosis (TB) infection in patients with systemic
lupus erythematosus (SLE) from Southern China. A retrospective study of 1108 patients admitted to the First Affiliated Hospital
of Sun Yat-Sen University from January 2007 to December 2017 was performed. Demographic and clinical characteristics,
laboratory data, and radiographic manifestations were recorded. A total of 59 (5.3%) lupus patients with active TBwere included.
Pulmonary TB occurred in 41 (69.5%) patients. Single lobe involvement was showed in 14 (34.1%) patients. Multi-lobar
involvement, including miliary TB (36.6%), was presented in 27 (65.8%) patients. Lower lobe involvement accounted for 31
(75.6%) of the cases. Extrapulmonary TB occurred in 18 (30.5%) patients. Nearly one-third (35.6%) of the patients developed
disseminated TB. T-SPOT.TB assay was performed in 23 patients and positive in 18 patients (78.3%). Nineteen patients (32.2%)
had co-infection with TB and other pathogens, most of which were bacterial-associated (52.6%). Lymphopenia was predominant
in TB-infected patients, especially in those with disseminated TB. Multivariate logistic regression analysis found that lympho-
penia [odds ratio (OR) = 2.19, 95% confidence interval (CI) 1.03–4.63, P = 0.04] and the accumulated doses of glucocorticoid
(GC) (OR = 2.32, 95%CI 1.69–3.20, P < 0.001) were associated with TB. TB infection is a common comorbidity in patients with
SLE. Manifestations of pulmonary computed tomography (CT) scan are relatively atypical. Co-infection with TB and other
pathogens is not rare. Lymphopenia and the accumulated doses of GC are associated with TB infection in lupus patients.
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Introduction

Systemic lupus erythematosus (SLE) is an autoimmune
disease caused by immune disorder. Survival rate and qual-
ity of life have been improved due to the progress in treat-
ment strategy [1]. However, infection has arisen as one of
the major causes of mortality in patients with SLE [2, 3].
Tuberculosis (TB) is an important public health issue
worldwide. Estimated prevalence was reported as

1,908,212 in China in 2015 [4]. Patients with SLE are
more susceptible to TB compared to the general popula-
tion. Risks varied from 5- to 60-folds depending on differ-
ent areas [5, 6]. Although TB burden is high, recent studies
investigating its clinical spectrum and associated factors
are scarce in lupus patients in China.

In this study, we performed a retrospective study, aiming to
explore the prevalence, characteristics, and the associated fac-
tors of TB in patients with SLE from Southern China.
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Methods

Study design and patients

A total of 1108 inpatients with SLE from the First Affiliated
Hospital of Sun Yat-Sen University from January 1st, 2007 to
December 31st, 2017 were investigated. Patients who met
with the following criteria were included: (1) diagnosis of
SLE according to the 1997 American College of
Rheumatology (ACR) classification criteria [7], (2) diagnosis
of active TB after SLE onset, and (3) complete data. Ethics
committee of the First Affiliated Hospital of Sun Yat-sen
University approved the research. This work was conducted
according to the provisions of the Declaration of Helsinki.

Case definition

Active TB infection was defined as the presence of newly
developed TB-associated symptoms and/or sign with (1) typ-
ical radiological manifestations, (2) positive M. tuberculosis
culture, or (3) the presence of caseous necrosis in biopsied
specimen. Disseminated TB was diagnosed if at least one of
the fol lowing manifestat ions was presented: (1)
M. tuberculosis detected from blood and/or bone marrow
specimen, (2) chest radiography showing miliary TB, and
(3) concomitant TB infection of ≥ 2 non-contiguous organs.
Non-disseminated TB was defined as infection confined to a
single site, excluding miliary pulmonary TB [8]. Lupus pa-
tients without infection caused by TB or other agents from the
same period of time were chosen as controls. Cases and con-
trols were matched 1:2 by age, gender, and the duration of
SLE (from SLE onset to TB infection).

Demographic, clinical, laboratory, radiographic data,
and therapeutic variables

Demographic and clinical data were collected from medical
records. Clinical characteristics of TB included symptoms and
sign, sites of involvement, and medication history. Laboratory
data included routine blood tests, anti-nuclear antibodies
(ANA), anti-double-stranded DNA (dsDNA) antibodies,
erythrocyte sedimentation rate (ESR), serum C-reactive pro-
tein (CRP), and procalcitonin (PCT) levels. Anemia was de-
fined according to the World Health Organization (WHO)
guidelines as hemoglobin < 13 g/dL in males and hemoglobin
< 12 g/dL in females [9]. Hypoalbuminemia was defined ac-
cording to clinical laboratory threshold of albumin < 3.5 g/dL.
ESR was evaluated using the Westergren method (Oumeng
Hangzhou, China). The value > 15 mm/h was considered as
positive in male and > 20 mm/h in female. Serum CRP levels
were measured with nephelometry immunoassay (Dade
Behring Diagnostics, USA). Value < 3 mg/L was considered
as normal. Serum PCT levels were measured with

electrochemiluminescence (ECL) immunoassay (Roche
Diagnostics, Germany), and value > 0.5 ng/mL was consid-
ered as positive. The tuberculin skin test (TST) was performed
with a 5-TU dose of tuberculin-purified protein derivative
using Mantoux method [10]. Strong response is defined as
diameter of the induration after 48 to 72 h ≥ 10 mm [11, 12].
Interferon gamma release assays (IGRAs) were carried out by
using the commercially available T-SPOT.TB Assay (Oxford
Immunotec, Oxford, UK) according to the manufacturer’s
instructions. The SLE Disease Activity Index (SLEDAI) was
used to evaluate SLE activity. Scores > 4 were considered as
active SLE [13]. Assessment of organ damage was made
using the Systemic Lupus International Collaborating Clinic/
American College Rheumatology (SLICC/ACR) damage in-
dex (SDI) [14]. The SDI ≥ 1 was considered to reflect a long-
term inflammatory burden [15]. Radiographic manifestations
and biopsy findings were recorded if available. Medication
history included the daily dose of glucocorticoid (GC) and
the use of immunosuppressive agents during the 3 months
prior to TB onset. The dose of GC was converted using the
following equation: 1 mg of prednisone = 0.8 mg of methyl-
prednisolone = 0.15 mg of dexamethasone.

Statistical analysis

Statistical analysis was performed using SPSS 19.0 (SPSS
Inc., Chicago, IL, USA). Continuous data were presented as
mean ± SD or median (interquartile range, IQR). Categorical
variables were presented as frequency and percentage.
Between-group comparisons were evaluated with the Chi-
square test or the Fisher exact test for categorical variables
and the Student’s t test for continuous variables with normal
distribution. Between-group comparisons were evaluated
using the Mann-Whitney U test for continuous variables with
non-normal distribution. Clinically significant variables with a
P < 0.1 in univariate logistic regression analysis were adjusted
by multivariate logistic regression analyses to identify the fac-
tors associated with TB or disseminated TB. The backward
procedure was applied in the multivariate logistic regression
analysis. Odds ratio (OR) and corresponding 95% confidence
interval (CI) were calculated.

Results

Demographic data

A total of 1108 patients fulfilled the 1997 ACR classification
criteria for SLE. All cases were of Chinese Han ethnicity.
Active TB was diagnosed in 59 patients (43 females, 16
males) with a prevalence of 5.3% (59/1108). Mean age at
TB onset was 34.4 ± 12.7 years old (range, 14–73 years old).
One hundred and eighteen lupus patients without infection
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were selected as controls. Symptoms of SLE at enrollment
included hematologic disorders (20.3%), active nephritis
(16.9%), polyarthralgia (10.2%), rash (6.8%), neuro-
psychiatric lupus (3.4%), and oral ulcer (1.7%). Twenty-nine
(64.3%) patients developed TB infection during the first
3 years after SLE diagnosis and 27 during the chronic stage
of SLE. During the 3 months prior to TB onset, 47 (79.7%)
patients received GC treatment. The median (IQR)-accumu-
lated dose of GC was 2250 mg (900–3125 mg).
Cyclophosphamide (CYC), mycophenolate mofetil (MMF),
methotrexate (MTX), and cyclosporine A (CsA) were pre-
scribed to 12, 10, 7, and 5 patients, respectively. No patient
received biologic treatment.

Characteristics of TB infection in patients with SLE

Symptoms of TB infection included fever (41/59, 69.5%),
cough (25/59, 42.4%), sputum (21/59, 35.6%), weight loss
(15/59, 25.4%), chest pain (10/59, 16.9%), headache (10/59,
16.9%), chest distress (7/59, 11.9%), dyspnea (6/59, 10.2%),
night sweats (6/59, 10.2%), abdominal pain (2/59, 3.2%), and
hemoptysis (1/59, 1.7%). TST was conducted in 26 patients
and T-SPOT.TB in 23. Four patients were screened by both
TST and T-SPOT.TB. The positive rates were 26.9% (7/26)
for TST and 78.3% (18/23) for T-SPOT.TB. Ten patients were
diagnosed with TB by biopsy. Specimens were obtained from
the pleura (three cases), lung (two cases), bronchus (one case),
lymph nodes (two cases), and fallopian tube (one case). One
patient received biopsy in the pleura and lung. Specimens
submitted for M. tuberculosis culture included sputum (33
specimens), bronchoalveolar lavage fluid (4 specimens),
secretion from the ulcer in the lower limb (1 specimen), and
bone marrow (1 specimen). M. tuberculosis culture was
positive in 12 (18.6%) patients.

Radiographic manifestations of TB infection
in patients with SLE

Pulmonary computed tomography (CT) scan showed TB-
associated lesions in 41 (69.5%) patients (Table 1). Multi-
lobar involvement, including miliary TB (36.6%), was pre-
sented in 27 (65.8%) of the cases. Approximately 31
(75.6%) patients showed TB-associated lesions in the lower
lobes. Fluorine-18 fluorodeoxyglucose (18F-FDG) positron
emission tomography-computed tomography (PET-CT) was
performed in one patient, who was diagnosed with miliary
TB according to pulmonary CT imaging and positive sputum
culture for M. tuberculosis. PET-CT found remarkably focal
increased 18F-FDG uptake in the left supraclavicular as well as
retroperitoneal lymph nodes (SUVmax: 12.3) (Fig. 1). Bone
marrow smear foracid-fast bacillus (AFB) was positive. Taken
together, the patient was diagnosed with disseminated TB,
involving lungs, lymph nodes, and bone marrow. Due to the

rapid progression of the disease, the patient died even though
anti-tuberculosis therapy was applied. Mortality due to TB
infection in lupus patients was 1.7% (1/59).

Distribution of TB infection in patients with SLE

Pulmonary TB accounted for 41 (69.5%) of the cases, while
extrapulmonary TB accounted for 18 (30.5%). Among
extrapulmonary TB, TB pleuritis (10.2%) was the most com-
mon. Twelve (20.3%) patients had concurrent TB infection in
two organs or more. The distribution of TB infection is shown
in Table 1.

Co-infection with TB and other pathogens in patients
with SLE

Co-infection of TB and other pathogens occurred in 19 pa-
tients (32.2%) (Table 2). Lung was the most commonly affect-
ed (12/19, 63.2%). Pathogens were isolated in 18 patients. The

Table 1 Characteristics of TB infection in patients with SLE

Characteristics N (%)

Distribution of TB

Lung 30 (50.8)

Pleura 6 (10.2)

Meninges 5 (8.5)

Lymph nodes 3 (5.1)

Fallopian tube 1 (1.7)

Spleen 1 (1.7)

Soft tissue 1 (1.7)

Lung +meninges 4 (6.8)

Lung + pleura 2 (3.4)

Lung + lymph nodes 1 (1.7)

Lung + peritoneum 1 (1.7)

Pleura + pericardium 1 (1.7)

Lung + intestine 1 (1.7)

Lung + bone + spleen 1 (1.7)

Lung + bone + lymph nodes 1 (1.7)

Manifestations of pulmonary TB

Pulmonary infiltrates 18 (43.9)

Miliary pattern 15 (36.6)

Nodule 13 (31.7)

Pleural effusion 10 (24.4)

Cavitary lesion 8 (19.5)

Location of pulmonary TB

Upper lobe 10 (24.4)

Lower lobe 4 (9.8)

Upper + lower lobes 6 (14.6)

Upper + middle + lower lobes 21 (51.2)

SLE systemic lupus erythematosus, TB tuberculosis
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left case was diagnosed with acute gastroenteritis clinically.
Bacteria-associated infection accounted for 52.6% (10/19) of
the cases, while fungi for 26.3% (5/19) and virus for 15.8%
(3/19). Mixed infection with two pathogens or more was
found in one case (5.3%). Most of the pathogens isolated were
conditioned pathogens.

Comparison between disseminated TB
and non-disseminated TB in patients with SLE

A comparison of demographic and clinical characteristics be-
tween patients with disseminated or non-disseminated TB infec-
tion is shown in Table 3. Lymphopenia wasmore predominant in
patients with disseminated TB (85.7%) than those without
(55.3%). Univariate logistic regression showed lymphopenia
(OR= 4.38, 95% CI 1.10–17.42, P = 0.04) was associated with
disseminated TB in lupus patients. Variables with a P value < 0.1
were added into the multivariate logistic regression model.
However, neither lymphopenia (P = 0.06) nor PCT level (P =
0.20) was associated with disseminated TB.

TB-associated factors in patients with SLE

A comparison of demographic and clinical characteristics be-
tween cases and controls is shown in Table 4. The prevalence of

Table 2 Co-infectionwith TB and other pathogens in patients with SLE

Characteristics N (%)

Sites of infection

Lung 12 (63.2)

Skin and mucosa 5 (26.3)

Gastrointestine 1 (5.3)

Lymph nodes 1 (5.3)

Category of infection

Bacteria-associated infection 10 (52.6)

Fungi-associated infection 5 (26.3)

Virus-associated infection 3 (15.8)

Mixed infection 1 (5.3)

Pathogens of infection

Escherichia coli 4 (21.1)

Klebsiella pneumoniae 2 (10.5)

Pseudomonas aeruginosa 2 (10.5)

Staphylococcus epidermidis 1 (5.3)

Candida albicans 3 (15.8)

Aspergillus fumigatus 2 (10.5)

Herpes Zoster 3 (15.8)

Acinetobacter baumanii + Staphylococcus
aureus + Candida albicans

1 (5.3)

SLE systemic lupus erythematosus, TB tuberculosis

Fig. 1 Intense fluorine-18
fluorodeoxyglucose (18F-FDG) in
lymph nodes in a patient with
disseminated tuberculosis.
Positron emission tomography-
computed tomography (PET-CT)
demonstrated increased
accumulation of 18F-FDG in the
left supraclavicular (a, b) and
retroperitoneal (c, d) lymph nodes
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lymphopenia (66.1% vs 36.1%, P < 0.001) and anemia (66.1%
vs 48.3%, P = 0.03) was significantly higher in patients with
TB than those without. ESR (median (mm/h), 48 vs 24,
P < 0.001), CRP (median (mg/L), 27.5 vs 2, P < 0.001), and
PCT (median (ng/mL), 0.2 vs 0.1, P = 0.002) levels elevated
remarkably in patients with TB. The accumulated doses of GC
(median (g), 2.3 vs 0.2, P < 0.001) were higher in TB-infected
group than the control group. Results of univariate logistic re-
gression are presented in Table 5. Variables with a P value < 0.1
were included into multivariate logistic regression. Considering
that the elevation of ESR, CRP, and PCTwas secondary to TB

infection, only lymphopenia, anemia, and accumulated GC use
were included into the model. Lymphopenia (OR = 2.19, 95%
CI 1.03–4.63, P = 0.04) and the accumulated doses of GC
(OR = 2.32, 95% CI 1.69–3.20, P < 0.001) were associated
with TB infection in lupus patients.

Discussion

In this study, we explored the clinical characteristics of TB
infection in lupus patients. Our results showed that

Table 3 Comparison between
lupus patients with or without
disseminated TB

Characteristics Disseminated TB Non-disseminated TB P value
(n = 21) (n = 38)

Demographic characteristics

Sex, male/female 8:13 8:30 0.16

Age, years, mean ± SD 37.0 ± 14.5 32.9 ± 11.5 0.24

Duration of SLE, months, mean ± SD 55.7 ± 53.2 36.1 ± 39.5 0.12

SLEDAI at TB onset, mean ± SD 4.3 ± 3.1 3.8 ± 2.6 0.52

SDI at TB onset, mean ± SD 0 ± 0.2 0.1 ± 0.4 0.39

Clinical features of SLE

Nephritis, n (%) 4 (19.0) 6 (15.8) 0.75

Neuro-psychiatric manifestations, n (%) 2 (9.5) 0 (0) 0.14

Polyarthralgia, n (%) 2 (9.5) 4 (10.5) 0.90

Rash, n (%) 2 (9.5) 2 (5.3) 0.53

Oral ulcer, n (%) 1 (4.8) 0 (0) 0.36

Laboratory data

Leukopenia, n (%) 5 (23.8) 7 (18.4) 0.62

Lymphopenia, n (%) 18 (85.7) 21 (55.3) 0.02*

Anemia, n (%) 15 (71.4) 24 (63.2) 0.52

Hypoalbuminemia, n (%) 15 (71.4) 25 (65.8) 0.66

ANA positive, n (%) 14 (66.7) 28 (73.7) 0.57

Anti-dsDNA positive, n (%) 12 (57.1) 26 (68.4) 0.39

Anti-Ro positive, n (%) 9 (42.9) 18 (47.4) 0.74

Anti-La positive, n (%) 1 (4.8) 5 (13.2) 0.31

Decreased complement C3 level, n (%) 9 (42.9) 17 (44.7) 0.89

ESR (mm/h), median (IQR) 47.0 (34.0,62.8) 48.0 (21.0,62.0) 0.46

CRP (mg/L), median (IQR) 37.1 (8.9,69.5) 22.2 (7.0,44.1) 0.97

PCT (ng/mL), median (IQR) 0.4 (0.1,0.7) 0.1 (0,0.4) 0.09

Treatments prior to TB onset

Accumulated doses of GC (g), median (IQR)a 1.4 (0.9,2.8) 1.8 (0.0,3.4) 0.73

Cyclophosphamide, n (%) 4 (19.0) 8 (21.1) 0.73

Mycophenolate mofetil, n (%) 4 (19.0) 6 (15.8) 0.75

Methotrexate, n (%) 3 (14.3) 4 (10.5) 0.67

Cyclosporin A, n (%) 3 (14.3) 2 (5.3) 0.23

*P < 0.05
a Converted to equivalent doses of prednisone

ANA anti-nuclear antibodies, CRP C-reactive protein, dsDNA double-strained deoxyribonucleic acid, ESR eryth-
rocyte sedimentation rate, GC glucocorticoid, IQR interquartile range, PCT procalcitonin, SD standard deviation,
SDI Systemic Lupus International Collaborating Clinic/American College Rheumatology damage Index, SLE
systemic lupus erythematosus, SLEDAI systemic lupus erythematosus disease activity index, TB tuberculosis
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manifestations of TB in lupus patients were relatively atypical.
Concomitant infection with other organisms was not rare.
Remarkable decrease of lymphocytes was predominant in pa-
tients with TB, especially with disseminated TB infection.

Radiological manifestations of TB in lupus patients were
different from those in the general population. TB-associated

lesions usually locate in the upper lobes of the lungs.
However, TB in lupus patients usually involved the middle
and the lower lobes. In our study, multi-lobar involvement
was presented in 65.8% of the cases. And 31 (75.6%) patients
showed TB-associated lesions in the lower lobes.
Consistently, Yun et al. reported that two-third of the TB

Table 4 Comparison between
lupus patients with or without TB Characteristics Cases (n = 59) Controls (n = 118) P value

Demographic characteristics

Sex, male/female 16:43 20:98 0.11

Age, years, mean ± SD 34.4 ± 12.7 36.2 ± 13.1 0.63

Duration of SLE, months, mean ± SD 43.3 ± 45.6 57.4 ± 58.5 0.13

SLEDAI at TB onset, mean ± SD 4.0 ± 2.8 4.8 ± 4.0 0.16

SDI at TB onset, mean ± SD 0.1 ± 0.4 0.2 ± 0.5 0.15

Clinical features of SLE

Hematologic disorder, n (%) 12 (20.3) 16 (13.6) 0.24

Nephritis, n (%) 10 (16.9) 30 (25.4) 0.20

Polyarthralgia, n (%) 6 (10.2) 24 (20.3) 0.09

Rash, n (%) 4 (6.8) 11 (9.3) 0.59

Neuro-psychiatric manifestations, n (%) 2 (3.4) 6 (5.1) 0.61

Oral ulcer, n (%) 1 (1.7) 7 (5.9) 0.20

Laboratory data

WBC count, mean ± SD 7.8 ± 7.1 6.4 ± 3.6 0.07

Leukopenia, n (%) 12 (20.3) 38 (32.2) 0.10

Lymphocyte count, mean ± SD 0.9 ± 0.7 1.3 ± 0.8 < 0.001*

Lymphopenia, n (%) 39 (66.1) 43 (36.4) < 0.001*

Anemia, n (%) 39 (66.1) 57 (48.3) 0.03*

Hypoalbuminemia, n (%) 40 (67.8) 77 (65.3) 0.74

ANA positive, n (%) 42 (71.2) 89 (75.4) 0.54

Anti-dsDNA positive, n (%) 38 (64.4) 70 (59.3) 0.51

Anti-Ro positive, n (%) 27 (45.8) 50 (42.4) 0.67

Anti-La positive, n (%) 6 (10.2) 10 (8.5) 0.71

Decreased complement C3 level, n (%) 26 (44.1) 64 (54.2) 0.20

IgM (g/L), median (IQR) 0.8 (0.6,1.4) 0.9 (0.5,1.4) 0.94

IgG (g/L), median (IQR) 13.7 (10.8,16.8) 14.1 (9.5,18.1) 0.89

ESR (mm/h), median (IQR) 48.0 (31.0,62.5) 24.0 (12.0,40.0) < 0.001*

CRP (mg/L), median (IQR) 27.5 (6.2,48.1) 2 (0,6.9) < 0.001*

PCT (ng/mL), median (IQR) 0.2 (0.1,0.6) 0.1 (0,0.1) 0.002*

Treatments prior to TB onset

Accumulated doses of GC (g), median (IQR)a 2.3 (0.9,3.1) 0.2 (0,0.9) < 0.001*

Cyclophosphamide, n (%) 12 (20.3) 17 (14.4) 0.31

Mycophenolate mofetil, n (%) 10 (16.9) 16 (13.6) 0.55

Methotrexate, n (%) 7 (11.9) 11 (9.3) 0.60

Cyclosporin A, n (%) 5 (8.5) 12 (10.2) 0.72

*P < 0.05
a Converted to equivalent doses of prednisone

ANA anti-nuclear antibodies, CRP C-reactive protein, dsDNA double-strained deoxyribonucleic acid, ESR eryth-
rocyte sedimentation rate, GC glucocorticoid, IQR interquartile range, PCT procalcitonin, SD standard deviation,
SDI Systemic Lupus International Collaborating Clinic/American College Rheumatology damage Index, SLE
systemic lupus erythematosus, SLEDAI systemic lupus erythematosus disease activity index, TB tuberculosis,
WBC white blood cell
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infection presented as multi-lobar lesions in lupus patients
[16]. Except for atypical radiographic manifestations, contra-
diction lay between laboratory results and clinical diagnosis.
Both TST and T-SPOT.TB are used to identify latent TB
infection, while their predictive value for active TB is
controversial [17]. Enhanced interferon-gamma response
could be associated with active TB [18]. In our study, positive
rate of T-SPOT.TB (78.3%) was higher than that of TST (26.
9%). Our results implied that T-SPOT.TB could be a more
efficient method to distinguish active TB from other
infection. However, we do not deny that the use of
immunosuppressant would lead to false-negative of TST.
Since radiological and laboratory results could be atypical,
TB infection should be considered when lupus patients
showed insufficient response to conventional antibiotics.

Patients with SLE were prone to develop non-respiratory
TB [19]. The incidence of extrapulmonary TB in our study
(30.5%) was comparable to that in kidney transplantation re-
cipients (21.8%) [20]. Such an increase could be attributed to
the inability to contain M. tuberculosis, and hence dissemina-
tion. Mortality was high in immunodeficient patients with
disseminated TB [21, 22]. However, scattered cases of dis-
seminated TB were reported in lupus patients until recently
[22, 23]. In our study, the prevalence of disseminated TB was
35.6%, significantly higher than that in the general population
(1–3%) [24], and comparable to that in patients receiving solid
organ transplantation (23–39%) [25, 26]. Disseminated TB
was found in even half of the lupus patients who developed
TB in previous work [27]. Our findings suggested that dis-
seminated TB was a crucial issue that needs close attention.

Although concomitant HIV infection was widely studied in
patients with TB, concomitant infection with other pathogens
was less established. Of note, 19 lupus patients were con-
firmed to have concomitant infection with other pathogens
except M. tuberculosis in our study. Since the symptoms of
infection caused by bacteria, fungi or virus resemble those by
TB, co-infection was diagnosed only if specific pathogens
were isolated. Pneumonia accounted for more than half of
the cases (63.2%). About half of the infected cases (52.6%)
were bacteria-associated. Fungal infection was not rare
(26.3%). Most of them were opportunistic pathogens. Our

results suggested that lupus patients were prone to have co-
infection with various pathogens due to severe immunodefi-
ciency. Physicians should be vigilant against opportunistic
infection even though diagnosis of TB was confirmed.

In our research, lymphopenia was predominant in lupus
patients with TB, especially in those with disseminated TB.
Low peripheral blood total lymphocyte counts predicted poor
prognosis in patients with TB [28]. The etiology of lympho-
penia is multifactorial. Lymphopenia, as a pattern of hemato-
logical abnormality secondary to SLE, is frequent. The inci-
dence was reported as high as 56.4% [29]. Besides, previous
research found that CD4+T cells from lupus-prone mice
displayed impaired defensive response against intracellular
infection [30]. Immunosuppressive therapy including GC
contributes to the host susceptibility to TB as well. GC
inhibited T cell proliferation by suppressing a number of
pro-inflammatory cytokines, including IL-2, IL-4, and IL-6
[31]. GC also induced apoptosis of the thymocytes and affect-
ed homeostasis of peripheral T cells [32]. Furthermore, the
number of CD4+T cells increased after anti-tuberculosis treat-
ment [33, 34], which implied that TB per se may exert inhib-
itory effect on lymphogenesis.

T lymphocytes, especially CD4+T cells, are essential for
host defense against TB [35]. T cell response was reported to
eliminate ~ 95% of the bacterial load of TB [36]. Similar to
SLE, active TB infection is proportional to the number of pe-
ripheral blood CD4+T cells in HIV-infected patients [37]. In
HIV−/TB+ population, lowCD4+T lymphocyte count was also
associated with TB severity [38]. In our research, lymphocyte
counts were as low as 870,000/mm3 in patients with TB, while
IgG and IgM levels were comparable between TB-infected
group and the control group. Our results implied that the sus-
ceptibility to TB infection could be partially attributed to T cell
dysfunction in lupus patients. In our research, lymphopenia was
especially profound in patients with disseminated TB. A small
case-control study revealed that lower lymphocyte count, de-
tected at baseline and after treatment, was observed in patients
with disseminated TB than those with localized disease [39].
The tendency of developing disseminated TB also resulted
from the disproportion of Treg cells. The number of Treg cells
was high in local disease site. Treg cells suppressed effector T

Table 5 TB-associated factors in
patients with SLE Univariate logistic regression Multivariate logistic regression

Characteristics Crude OR 95%CI P value Adjusted OR 95%CI P value

Lymphopenia 3.49 1.81–6.73 < 0.001* 2.19 1.03–4.63 0.04*

Anemia 2.16 1.13–5.12 0.02* 1.62 0.76–3.48 0.21

Accumulated doses
of GC (g)a

2.55 1.86–3.49 < 0.001* 2.32 1.69–3.20 < 0.001*

*P < 0.05
a Converted to equivalent doses of prednisone

CI confidence interval, GC glucocorticoid, OR odds ratio, SLE systemic lupus erythematosus, TB tuberculosis
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cell proliferation by secreting IL-10, leading to miliary TB [40].
Only 21 patients were included in the subgroup analysis in our
research. Although multivariate logistic regression analysis did
not reveal significant association between lymphopenia and
disseminated TB (P = 0.06), further research is still worthy to
explore the underlying relation.

The interpretation of this study is subject to limitations.
Firstly, as several clinical data were not recorded in the original
database, we could not adjust for the important variables such
as socioeconomic status, CD4+ T cell counts, and the accumu-
lated doses of CYC. Secondly, data in this study were generated
from one tertiary hospital, and only inpatients were included.
The generalizability is limited due to patient selection bias.

In conclusion, patients with SLE from Southern China are
at high risk of TB, especially extrapulmonary and disseminat-
ed TB. Chest manifestations in such population are relatively
atypical. Co-infection with other pathogens is not rare.
Lymphopenia and the accumulated doses of GC are associated
with TB in lupus patients. Lymphopenia is also predominant
in disseminated TB.
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