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Abstract Clinical characteristics of antitumor necrosis factor
(TNF) agents-related tuberculosis (TB) in ankylosing spondy-
litis (AS) are not well described. The aim was to compare the
incidences and the characteristics of TB in AS and rheumatoid
arthritis (RA) during TNF inhibitor treatment. AS (n =1,322)
andRA (n =3,154) patients who receivedmedical care between
January 2001 and August 2011 were enrolled. The incidence of
TB in patients treated, or not, with TNF inhibitors and the
clinical features associated with TB were explored. Seven
patients with AS and seven with RA developed TB while
receiving TNF inhibitor therapy, resulting in an incidence rate
of 600.2/100,000 person-years (PYs) (95% confidence interval
(CI), 241.3–1236.3) for those with AS and 771.6/100,000 PYs
(95 % CI, 310.2–1589.9) for those with RA. Incidence rate
ratios for TNF inhibitor-treated vs. untreated patients were 4.87
for AS (95%CI, 1.50–15.39; p <0.001) and 3.61 for RA (95%
CI, 1.38–8.07; p <0.001). Low body mass index was identified
as a significant risk factor for TB in the AS group (odds ratio
(OR), 13.0; p =0.002). Extrapulmonary TB was predominant
at 85.7% during TNF inhibitor treatment. Three (42.8%) of the
AS patients, but none of the RA patients, developed TB with

concomitant isoniazid. All AS patients recovered from TB
whereas two of seven RA patients died. Treatment with TNF
inhibitors significantly increases the risk of extrapulmonary TB
in AS. Symptoms of infection should warrant clinicians to
evaluate for TB during TNF inhibitor therapy in AS patients.
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Introduction

Tumor necrosis factor (TNF) plays an important role in the
pathogenesis of ankylosing spondylitis (AS) and rheumatoid
arthritis (RA). As such, treatments aimed at antagonizing TNF
improved significantly the outcome of AS and RA [4, 6, 23, 25].
However, TNF also plays a critical role in immune defense
against infections, including tuberculosis (TB); thus, the increas-
ing use of TNF inhibitors has led to a marked increase in the
incidence of TB [27, 29]. Particularly, in TB endemic areas
including South Korea, TB incidence during TNF inhibitor use
has been estimated as considerably high [10, 17]. RA patients
usually develop TB within 1 year of beginning TNF inhibitor
treatment which often manifests as an extrapulmonary infection
[2, 5, 7, 10, 12, 14]. Data on TB incidence in AS during TNF
inhibitor use remain scarce to date.

Although AS and RA share the joints at the main site of
inflammation, they differ in several clinical features; AS primar-
ily affects axial joints with profound bone formation, whereas
RA primarily affects the small peripheral joints with bone ero-
sion [20, 24]. Furthermore, AS patients tend to be younger and
to have fewer comorbidities. AS is tightly associated with HLA-
B27, lacks disease-specific autoantibodies, and is minimally
responsive to traditional disease-modifying antirheumatic drugs
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(DMARDs) including methotrexate (MTX); the mechanism
underlying immunologic dysregulation appears to differ from
that in RA [3, 20]. Therefore, we speculate that the incidence of
TB may differ between AS and RA patients during TNF inhib-
itor therapy.

The aim of the present study was to investigate the inci-
dence and clinical characteristics of TB in AS and RA patients
receiving TNF inhibitors.

Patients and methods

Patients

We enrolled all of the AS (n =336) and RA patients (n =222)
who started anti-TNF agents (etanercept, infliximab,
adalimumab, golimumab, and certorlizumab) at our institution
between January 2001 and August 2011. Detailed medical
history was obtained by reviewing electronic medical records.
AS (n =986) and RA (n =2,932) patients who never took anti-
TNF agents during the same period were recruited as control
groups. All patients met the 1987 RA classification criteria or
the 1984 modified New York criteria for AS [1, 26]. Where a
patient was treated with two or more TNF inhibitors, the last
TNF inhibitor used before the onset of TBwas regarded as the
causative agent.

Follow-up was censored at the most recent follow-up or
death, whichever came first. The study protocol was approved
by the institutional review board of Seoul National University
Hospital.

TB diagnosis

TB infection was diagnosed according to the presence of fever,
night sweats, weight loss, anorexia, coughing, and/or hemop-
tysis in conjunction with evidence of infection by
Mycobacterium tuberculosis . Such evidence included a posi-
tive acid-fast bacillus culture, a positive TB polymerase chain
reaction result, the presence of caseating granulomas on biopsy,
and/or a clinical improvement upon anti-TB treatment. The
TB infection site was categorized as pulmonary or
extrapulmonary based on imaging and/or tissue biopsy
of the involved organs.

Latent TB infection (LTBI) was diagnosed according to the
Korean guidelines for TB: a positive TB skin test (TST) with
induration diameter ≥10 mm or a positive interferon-γ release
assay (IGRA) plus a normal chest X-ray [21]. Also, patients
with an abnormal chest radiograph such as apical fibronodular
changes and irregular linear opacities without a sign of active
infection and a history of inadequate TB treatment were
considered to have a LTBI. Of note, the status of prior
Bacille Calmette–Guérin (BCG) vaccination was not be con-
sidered when diagnosing a LTBI.

Statistical analysis

The TB incidence rate was expressed as the number of cases
per 100,000 person-years (PYs). The 95% confidence interval
(CI) was calculated by assuming that the number of TNF
inhibitor-treated patients with TB followed a Poisson distri-
bution. The incidence rate ratio was calculated by dividing the
TB incidence rate in TNF inhibitor-treated patients by that in
TNF inhibitor-naïve patients. The cumulative rates were esti-
mated using the Kaplan–Meier method, and the incidence
rates were compared using log-rank test.

Chi-squared test or Fisher’s exact test (for categorical var-
iables) was used to examine the risk factors associated with
TB, and Student’s t test or Mann–Whitney U test (for contin-
uous variables) was used as appropriate to compare the char-
acteristics between AS and RA groups. Risk factors identified
by univariate analyses with a significance level of p <0.20
were included in multivariate logistic regression analysis. All
statistical analyses were performed using SPSS 19.0 for
Windows (IBM SPSS Inc., Chicago, IL, USA).

Results

Patient characteristics

A total of 1,322 AS patients were identified, of whom 336
(25.4 %) received anti-TNF therapy. Of the 3,154 RA patients
identified, only 222 (7.0 %) received anti-TNF therapy
(Table 1). Compared with the RA patients, the AS patients
were younger, predominantly male, and were treated less
frequently with DMARDs and glucocorticoids. In addition,
the AS patients tended to have fewer comorbidities (Table 1).

Overall, 336 AS patients were treated with 404 anti-TNF
agents: 58 (17.3 %) patients were treated with two anti-TNF
agents or more. One hundred sixty-three (40.3 %) patients re-
ceived etanercept, 150 (37.1 %) received adalimumab, 78
(19.3 %) received infliximab, and 13 (3.2 %) received
golimumab. For the RA patients, 277 anti-TNF agents were
prescribed: 137 patients (49.5 %) received etanercept, 75
(27.1 %) received adalimumab, 50 (18.1 %) received infliximab,
10 (3.6 %) received golimumab, and 5 (1.8 %) received
certorlizumab. Forty-nine (22.1 %) patients were treated with
more than one anti-TNF agent. The median follow-up time was
31.2 months (range, 15.8–51.6) for the AS patients and
31.9 months (range, 17.4–59.8) for the RA patients.

TB incidence during TNF inhibitor treatment

Seven AS patients developed TB during 1,166.3 PYs of
follow-up, with an incidence of 600.2/100,000 PYs (95 %
CI, 241.3–1,236.6). Similarly, seven RA patients were diag-
nosed with TB during 907.2 PYs of follow-up, with an
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incidence of 711.6 per 100,000 PYs (95 % CI, 310.2–1589.9).
Of note, the incidence of TB among TNF inhibitor-naïve AS
and RA patients was 123.1/100,000 PYs and 213.2/100,000
PYs, respectively. Therefore, the use of TNF inhibitors led to a
4.9-fold (95 % CI, 1.5–15.4, p <0.001) increase in the inci-
dence of TB inAS and a 3.6-fold (95%CI 1.4–8. 1, p <0.001)
increase in RA (Table 2).

There was no difference in the cumulative incidence of TB
between AS and RA patients receiving TNF inhibitors
(p =0.519) (Fig. 1). Also, the incidence of TB did not differ
between AS (p =0.654) and RA (p =0.232) patients treated
with different TNF inhibitors. The median time between
TB infection and treatment with anti-TNF agents was
similar for AS patients and RA patients (19.4 (95 % CI,
1.9–57.8)months vs. 7.9 (95%CI, 4.0–36.1)months; p=0.406).

LTBIs were diagnosed in 104 (30.9 %) AS and in 56
(25.2 %) RA patients prior to anti-TNF commencement. In
accordance with the Korean guidelines for TB, all LTBI
patients received anti-TB medication for 6–9 months.
Despite the prescription of LTBI treatment, 3/104 (2.9 %)
AS patients with LTBI developed TB whereas none of 56
RA patients with LTBI developed TB (p =0.21).

Clinical characteristics of TB in patients treated with TNF
inhibitors

Both disease duration and comorbidities such as diabetes
mellitus, malignancy, hypertension, hospitalization, chronic
renal disease, osteoporosis, gastrectomy/peptic ulcer,
smoking, and chronic obstructive pulmonary disease were
similar between AS and RA patients (Table 3).

AS patients with TB had a lower body mass index (BMI)
than those without TB (19.9±2.6 vs. 23.6±6.4; p =0.008)
(Table 3). A low BMI (<22 kg/m2) increased the risk of TB
by 13-fold (95 % CI, 1.5–111.9) (Table 4).

TNF inhibitor-treated RA patients with TB were older
(65.1±3.1 vs. 51.4±12.6 years; p =0.001). Age >60 was
associated with a 15.9-fold increase in the TB risk (95 % CI,
1.8–147.6). Furthermore, for RA patients, hospitalization dur-
ing TNF inhibitor treatment was associated with a higher
incidence of TB (odds ratio (OR) 11.54, 95 % CI 2.1–64.5,
p =0.005) (Table 4). Unlike for AS patients, a low BMI was
not associated with TB in RA.

TB outcome

Extrapulmonary TB was the predominant form diagnosed in
AS and RA patients treated with TNF inhibitors. Six of the
seven AS patients (85.7 %) developed extrapulmonary TB;
the disease in five patients involved the pericardium (n =1),
larynx (n =2), or pleura (n =2); one developed a dissemi-
nated TB. Three out of the seven AS patients were
hospitalized due to TB, but all recovered well with no
long-term complications.

Of the six of seven (85.7 %) RA patients that developed
extrapulmonary TB, the disease involved the peritoneum (n=2),
pleura (n=1), and lymph node (n=1) in four patients; the other
two suffered disseminated TB. In contrast to AS, six of seven
RApatients with TB required hospitalization. Threewere treated
in the intensive care unit for respiratory failure. Two of these
patients died.

Discussion

To the best of our knowledge, this is the first study to show
that the TB incidence in AS and RA patients receiving anti-
TNF treatment is similar. While extrapulmonary TB was

Table 1 Clinical characteristics of AS and RA patients treated with TNF
inhibitors

AS (n =336) RA (n =222)

Age, years±SD 36.6±12.3 51.9±12.6*

Female (%) 64 (19.0) 192 (86.5)*

BMI, kg/m2 23.4±6.1 22.8±3.4

Median disease duration, months 69.1 84.4†

Smoking (%) 26 (7.7) 26 (11.7)

Comorbidities

Diabetes mellitus (%) 16 (4.8) 23 (10.4)†

Hypertension (%) 47 (14.0) 55 (24.8)†

Gastrectomy/peptic ulcer (%) 17 (5.1) 7 (3.2)

Chronic renal disease (%) 8 (2.4) 7 (3.2)

Malignancy (%) 8 (2.4) 11 (5.0)

Osteoporosis (%) 11(3.3) 30 (13.5)*

Hospitalization (%) 12 (3.6) 19 (8.6)†

COPD/bronchiectasis (%) 8 (2.4) 24 (10.8)*

Previous TB (%) 19 (5.7) 12 (5.4)

LTBI (%) 104 (30.9) 56 (25.2)

Glucocorticoids (%) 61 (18.2) 156 (70.3)*

DMARDs

Methotrexate (%) 84 (25.0) 165 (74.7)*

Sulfasalazine (%) 169 (50.3) 68 (30.6)*

TNF inhibitors

Etanercept (%) 163 (40.3) 137 (49.5)†

Adalimumab (%) 150 (37.1) 75 (27.1)†

Infliximab (%) 78 (19.3) 50 (18.1)

Golimumab (%) 13 (3.2) 10 (3.6)

Certorlizumab (%) 0 (0) 5 (1.8)†

AS ankylosing spondylitis, RA rheumatoid arthritis, BMI body mass
index, DMARD disease-modifying antirheumatic drug, TNF tumor ne-
crosis factor, TB tuberculosis, LTBI latent tuberculosis infection, COPD
chronic obstructive pulmonary disease

*p <0.001; †p <0.05
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prevalent in both AS and RA patients, the TB in AS appeared
to have better outcome.

The similar TB incidence in AS and RA patients during
anti-TNF treatment was surprising, since AS patients were
generally younger, had fewer comorbidity, and took immuno-
suppressants infrequently. Indeed, the TB incidence in the
TNF inhibitor-naïve AS patients appeared to be lower com-
pared to TNF inhibitor-naïve RA patients (123/100,000 PYs
vs. 213/100,000 PYs; p =0.146). TNF inhibitors tended to
increase the TB risk in AS to a greater extent than in RA
(OR, 4.87 vs. 3.61; p =0.637). This suggests that anti-TNF
therapy can outweigh conventional risk factors of TB in AS
and RA. This is in contrast to a previous report that anti-TNF
agents did not increase the incidence of TB infection in AS
patients in Korea [15]. The discrepancy arose mainly from a
relatively high incidence rate of TB in TNF inhibitor-naïve
patients (308/100,000 PY) in the prior study as compared with
123/100,000 PY in our study. In the prior study, TB was
diagnosed based on the presence of typical symptoms of TB
and compatible radiologic findings in the absence of

microbiologic evidence or treatment response. Further, the
number of AS patients who took MTX or glucocorticoids
was much higher, possibly contributing to the discrepancy in
the TB rates between both studies.

In this study, extrapulmonary manifestation was the domi-
nant form of TB disease during TNF inhibitor treatment (diag-
nosed in 85.7 % of TNF inhibitor-treated AS and RA patients),
as compared to <20 % or less observed in the general popula-
tion [2, 14, 19, 22, 28]. Extrapulmonary TB is associated with a
decrease in the production of interferon-γ, TNF, interleukin
(IL)-10, and IL-6 by macrophages infected with mycobacteria;
therefore, inhibiting TNF likely contributes to systemic spread-
ing of mycobacteria to cause extrapulmonary infection [8]. The
symptoms of extrapulmonary TB are less “typical,” delaying
diagnosis and treatment [11]; therefore, patients with symptoms
of any infection during anti-TNF treatment should be screened
for a TB infection.

After adjusting for age and sex, a low BMI (<22 kg/m2)
was found to be an independent risk factor for TB in AS
patients, consistent with a previous report showing poor nu-
tritional status as a risk factor for TB [18]. For RA patients,
age >60 years and hospitalization were both associated with
TB infection, suggesting that general health status has an
effect on susceptibility to TB.

The TB outcome was good in AS: only three of seven
patients needed inpatient treatment compared with six of
seven RA patients. Two RA patients died from progressive
pulmonary TB whereas all AS patients recovered without
long-term consequences. Those findings need careful inter-
pretation considering the low TB incidences in this study.
However, it is tempting to speculate that the TB severity
may be influenced by underlying comorbidities and concom-
itant immunosuppressive use whereas TB susceptibility is
predominantly affected by anti-TNF treatment.

The temporal relationship between the onset of TB
and the start of TNF inhibitor treatment and frequent
extrapulmonary manifestations during TNF inhibitor
treatment emphasizes the critical role of TNF in the
defense against TB infection. Although reactivation of
latent TB may be a main cause of treatment-associated
infections, a new primary extrapulmonary TB infection in
TNF-depleted host is still possible especially in endemic areas
[9, 12, 13].

Table 2 Incidence of tuberculo-
sis in TNF inhibitor-treated or
untreated AS and RA patients

AS ankylosing spondylitis, RA
rheumatoid arthritis

†p <0.001
a Per 100,000 person-years

AS RA p value

Anti-TNF agent-naive, incidence
ratea (95 % CI)

123.1 213.2 0.146
(531–242.5) (156.1–284.4)

Anti-TNF agent-treated, incidence
ratesa (95 % CI)

600.2 771.6 0.637
(241.3–1,236.6) (310.2–1,589.9)

Incidence rate ratios (95 % CI) 4.87 3.61 0.637
(1.50–15.39†) (1.38–8.07†)

Fig. 1 The cumulative incidence of TB during TNF inhibitor treatment.
The cumulative incidence of TB did not differ between AS and RA
patients receiving TNF inhibitor treatment (p =0.519; log-rank test)
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Our study has several limitations. First, as a tertiary
referral center, patients with higher disease activity
might be enrolled in the present study, leading to a
selection bias. Therefore, generalization of the present
findings should be with caution. Second, as a retrospec-
tive study, the ascertainment of the clinical information
could be incomplete. As example, the status of prior
BCG vaccination could not be evaluated when diagnos-
ing LTBI. This is important since up to two thirds of the
population received the vaccination as a child in Korea, and
vaccination can give a false-positive TST, leading to a higher

estimate of LTBI in the study [16]. However, since all data on
RA and AS patients were retrieved in the same manner, the
findings comparing the AS and RA cohort should be credible.
Third, as a single center experience, the cohort size was
relatively small with risk of over- or underestimation of inci-
dence of TB and its outcomes during TNF inhibitor treatment.
The findings of the present study need confirmation in a
larger cohort, for example in the form of a population-
based study.

In conclusion, the incidence of TB was comparable in
patients with AS or RA during TNF inhibitor treatment. Any

Table 3 Risk factors for TB during TNF inhibitor treatment

AS RA

TB (n =7) Non-TB (n=329) p value TB (n =7) Non-TB (n =215) p value

Age, years, mean±SD 35.9±11.0 36.6±12.4 0.865 65.1±3.1 51.4±12.6 0.001†

Female (%) 2 (28.6) 62 (18.8) 0.622 6 (85.7) 186 (86.5) 0.952

BMI, kg/m2, mean±SD 19.9±2.6 23.6±6.4 0.008† 23.9±3.3 22.8±3.4 0.398

Median disease duration, months 53.6±43.0 82.5±57.8 0.127 103.4±97.5 93.4±60.2 0.797

Comorbidities

Diabetes mellitus (%) 0 (0.0) 16 (4.9) 0.551 0 (0.0) 23 (10.7) 0.362

Hypertension (%) 1 (14.3) 46 (14.0) 0.982 3 (42.9) 52 (24.2) 0.261

Gastrectomy/peptic ulcer (%) 0 (0.0) 17 (5.2) 0.538 0 (0.0) 7 (3.3) 0.628

Chronic renal disease (%) 0 (0.0) 8 (2.4) 0.677 0 (0.0) 7 (3.3) 0.628

Malignancy (%) 0 (0.0) 8 (2.4) 0.677 0 (0.0) 11 (5.1) 0.540

Osteoporosis (%) 0 (0.0) 11 (3.3) 0.623 1(14.3) 29 (13.5) 0.952

Hospitalization (%) 0 (0.0) 12 (3.6) 0.607 4 (57.1) 15 (7.0) <0.001*

Smoking (%) 0 (0.0) 26 (7.9) 0.439 0 (0.0) 26 (12.1) 0.329

COPD/bronchiectasis (%) 0 (0.0) 8 (2.4) 0.677 1 (14.3) 23 (10.7) 0.764

Previous TB (%) 0 (0.0) 19 (5.9) 0.510 0 (0.0) 12 (5.6) 0.521

LTBI (%) 3 (42.9) 101 (30.9) 0.499 0 (0.0) 56 (26.4) 0.116

No. of DMARDs 0.7±0.5 0.8±0.7 0.503 2.0±1.0 1.8±0.9. 0.577

Methotrexate (%) 2 (28.6) 82 (24.9) 0.826 7 (100.0) 158 (73.8) 0.118

Sulfasalazine (%) 3 (42.9) 166 (50.5) 0.722 4 (57.1) 64 (29.8) 0.205

Glucocorticoids (%) 1 (14.3) 60 (18.2) 0.789 4 (57.1) 152 (70.7) 0.441

AS ankylosing spondylitis, RA rheumatoid arthritis, BMI body mass index, DMARD disease-modifying antirheumatic drug, TNF tumor necrosis factor
α, TB tuberculosis, LTBI latent tuberculosis infection

*p <0.001; †p <0.05

Table 4 Predictors of TB during
TNF inhibitor treatment

AS ankylosing spondylitis, RA
rheumatoid arthritis, OR odds ra-
tio, CI confidence interval, BMI
body mass index, TNF tumor ne-
crosis factor, TB tuberculosis

*p <0.001; †p <0.05

Variable AS RA

OR 95 % CI p value OR 95 % CI p value

Age >60 – – – 15.92 1.78–147.61 0.015†

Female gender 1.15 0.20–6.42 0.869 1.98 0.18–21.55 0.573

BMI<22 kg/m2 13.0 1.51–111.92 0.020† 1.08 0.17–6.87 0.934

Disease duration 0.987 0.96–1.00 0.198 1.00 0.99–1.01 0.690

Hospitalization – – – 11.54 2.06–64.47 0.005†
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sign of infection should alert physicians to diligently evaluate
for a TB infection while receiving TNF inhibitors.

Disclosures None.
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