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Summary
Background: Anti-tumour necrosis factor (anti-TNF) therapy increases the risk of 
tuberculosis (TB). Given limitations of screening techniques, it remains uncertain if 
patients receiving anti-TNF in TB endemic regions should be screened for latent in-
fection with chemoprophylaxis restricted to those with proven infection, or if all pa-
tients should receive chemoprophylaxis.
Aims: To compare the incidence of active TB with infliximab (IFX) following targeted 
and universal TB chemoprophylaxis, and to determine the rates of adverse events 
(AE) related to TB chemoprophylaxis
Methods: A multi-centre retrospective cohort study was performed at 18 hospitals in 
China of 1968 adult patients with IBD receiving IFX from 2009 to 2017. TB screen-
ing prior to IFX was performed with chest X-ray and/or computed tomography [CT] 
and immune reactivity testing (interferon-γ release assay and/or tuberculin skin test). 
Patients were followed-up for a minimum of 3 months after IFX discontinuation, or 
until last hospital visit if IFX therapy was ongoing. Targeted strategy was defined as 
TB chemoprophylaxis only for patients with a positive latent TB screen, with universal 
strategy defined as TB chemoprophylaxis for all patients.
Results: Mean follow-up was 1.07 ± 0.87 years with a total follow-up of 2102 patient-
years. There were 1433 patients in the targeted and 483 patients in the universal 
TB chemoprophylaxis groups, with no significant difference in the incidence rates 
of active TB between groups (673.3 per 100 000 population per year vs 891.5 per 
100 000 population per year, P = 0.60). In the targeted group, 55/1433 patients re-
ceived TB chemoprophylaxis compared with 483/483 in the universal group, with 
significantly fewer AEs related to TB chemoprophylaxis in the targeted compared to 
the universal group (0.35% (5/1433) vs 6.8% (33/483), P < 0.05).
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1  | INTRODUC TION

Tumour necrosis factor (TNF) inhibitors have become a mainstay 
of treatment for inflammatory bowel disease (IBD) following their 
emergence over 20 years ago, and are increasingly used in countries 
such as China where tuberculosis (TB) is endemic.1 Anti-TNF thera-
pies including infliximab (IFX) act by neutralising the pro-inflamma-
tory cytokine TNF-α, which is of key pathophysiological importance 
in both ulcerative colitis (UC) and Crohn’s Disease (CD), leading to 
mucosal healing and clinical remission.2 However, TNF-α is also 
of critical importance in host control of Mycobacterium tuberculo-
sis, mediating phagocyte activation and granuloma organisation.3 
Approximately one third of the global population are infected with 
tuberculosis, although 90% have latent tuberculosis infection, de-
fined as an immune response against TB without clinical manifesta-
tions.4 It is now well established that anti-TNF therapy increases the 
risk of TB at least 3-fold, primarily through reactivation of latent TB 
infection.5 Indeed, a study in South Korea reported that the relative 
risk of TB was 30-fold higher in patients with rheumatoid arthritis 
receiving anti-TNF.6 This is of greatest concern in regions where TB 
is endemic, such as China which has the second highest number of 
active TB cases worldwide.4 Active TB infection may be associated 
with considerable morbidity and mortality.7 Consequently, careful 
consideration of strategies to reduce the risk of active TB infection 
in patients with IBD receiving anti-TNF therapy is essential.

Current guidelines state that patients with IBD should be 
screened for latent TB infection prior to starting anti-TNF therapy, 
and if detected, TB chemoprophylaxis should be prescribed to re-
duce the risk of reactivation.8-10 Most commonly, either a tubercu-
lin skin test (TST) or the more sensitive Interferon Gamma Release 
Assay (IGRA) is paired with a chest x-ray, but there is significant 
local variation in choice of screening modality.11 Importantly, the 
performance of these screening tests may be hindered by concur-
rent immunosuppressive therapies including the oral steroid pred-
nisolone, which reduce the sensitivity of both TST and IGRA.12 
Furthermore, TST lacks specificity for the pathogenic MTB strains 

due to cross-reactivity with environmental Mycobacteria and BCG 
vaccination; indeed, a number of countries with high TB burden in-
cluding China have a universal BCG vaccination policy.12-15 Patients 
may, therefore, still develop TB despite a negative screening re-
sult, either due to a false-negative test result, or following a new 
infection,16 with a recent meta-analysis of 128 studies across low, 
intermediate and high TB burden countries reporting that 73% of 
patients who developed active TB following anti-TNF therapy had 
a negative screening result.17 In addition, United Kingdom (UK) rec-
ommendations from 2005 that South Asians born outside the UK 
with Crohn’s disease requiring anti-TNF should receive 6 months 
empirical TB therapy have remained influential in many countries 
including China.18 For these reasons, together with the challenges 
of differentiating active TB from IBD, there is widespread use of em-
pirical TB therapy in patients with IBD in countries with a high inci-
dence of TB, with data from the IBD Emerging Nations’ Consortium 
recently reporting prescription rates highest in Bangladesh (32% of 
all patients with Crohn’s disease), India (25%) and Thailand (18%).19

Consequently, it remains uncertain whether in TB endemic re-
gions, all patients with IBD receiving anti-TNF therapy should re-
ceive TB chemoprophylaxis, or whether it should be restricted to 
those with proven latent TB infection. In current clinical practice in 
China, there are two TB chemoprophylaxis strategies, targeted and 
universal. In the targeted TB chemoprophylaxis strategy, patients 
found to have latent TB infection following screening receive TB 
chemoprophylaxis, starting either shortly before or at initiation of 
anti-TNF. In the universal chemoprophylaxis strategy, all patients re-
ceive TB chemoprophylaxis, regardless of TB screening result which 
in this context is primarily performed to differentiate IBD from active 
TB. For both strategies, the duration of TB chemoprophylaxis varies 
according to the drug regimen chosen in keeping with World Health 
Organization (WHO) guidelines, with 3 months of therapy when iso-
niazid is used in combination with rifampicin, and 6 months of ther-
apy when isoniazid is used alone.11 Importantly, no studies have yet 
compared the efficacy of targeted versus universal TB chemopro-
phylaxis in the prevention of active TB in patients receiving anti-TNF 
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therapy, with particular concern surrounding the potential increased 
risk of adverse events (AE) from universal chemoprophylaxis.

The primary aims of this study were to compare the incidence of 
active TB following IFX therapy, the only anti-TNF licensed for IBD in 
China during the study period, in the targeted and universal TB che-
moprophylaxis groups and to determine the rates of adverse events 
related to TB chemoprophylaxis. The secondary aims were to deter-
mine the overall incidence of active TB in patients with IBD receiving 
IFX therapy in China, and assess the efficacy of TB chemoprophy-
laxis in patients with latent TB infection receiving IFX therapy.

2  | METHODS

2.1 | Patient selection

A multi-centre retrospective cohort study was performed at 18 
academic hospitals in China, distributed throughout seven admin-
istrative regions of diverse socio-economic background, serving 
approximately 30 000 patients with IBD. Patients with IBD re-
ceiving IFX therapy were retrospectively enrolled from January 
1, 2009 to June 31, 2017. Eligible patients were at least 18 years 
old with a diagnosis of IBD according to the Chinese consensus on 
diagnosis and treatment of IBD, and had received IFX therapy.20 
For TB chemoprophylaxis, the regimens were as follows: combi-
nation isoniazid and rifampicin at a dose of 300 mg/450 mg once 
daily for 3 months or isoniazid at a dose of 300 mg once daily for 
6 months. The choice of targeted or universal chemoprophylaxis 
regimen was made by the primary treating physician, and varied 
both within and between institutions. All patients received screen-
ing for TB regardless of chemoprophylaxis strategy. Patients were 
excluded if (a) they had active TB or had discontinued TB medica-
tion less than 2 months before initiation of IFX, or (b) they had 
not completed TB screening before initiation of IFX or (c) there 
was incomplete demographic or clinical information. A group of 
patients, henceforth, referred to as the escape group, were di-
agnosed with latent TB infection following TB screening prior to 
commencement of IFX therapy but did not receive TB chemopro-
phylaxis. The study was approved by the Clinical Research Ethics 
Committee of Sir Run Run Shaw Hospital Affiliated to Zhejiang 
University School of Medicine, register number 20170116-4 with 
Institutional Review Board (IRB) approval for all hospitals involved 
in the study.

2.2 | Data collection

All data were collected from medical records and, if necessary, by fol-
low-up telephone consultation. Collected data included demograph-
ics, clinical characteristics of IBD, previous and current treatment for 
IBD, duration of IFX therapy and reason for discontinuation, previ-
ous history and treatment of TB, TB screening results before IFX 
treatment (chest X-ray or computed tomography (CT), TST, IGRA), 

TB chemoprophylaxis regimen, AE while on TB chemoprophylaxis 
and the incidence of active TB and time interval to active TB after 
IFX therapy. Patients were followed-up for a minimum of 3 months 
after IFX discontinuation, or until last hospital visit if IFX therapy 
was ongoing.

2.3 | Diagnosis of latent tuberculosis

Latent TB infection was diagnosed if (a) either IGRA or TST was posi-
tive, with a normal chest X-ray or CT without symptoms of active TB 
or (b) there was evidence of previous TB infection on chest X-ray/
CT without a history of TB treatment and without symptoms of ac-
tive TB, in accordance with expert consensus.21 A positive TST result 
was defined as an induration diameter ≥10 mm after 48-72 hours, 
regional lymphangitis or vesicle formation. A positive IGRA result 
was defined as T-spot.TB test ≥6 spots.21 No patients were screened 
with the IGRA QuantiFERON-TB Gold.

2.4 | Outcome measures

Active TB was diagnosed in three clinical settings. (a) Positive MTB 
test (culture and/or polymerase chain reaction) and symptoms of ac-
tive TB infection, such as cough for greater than 14 days, weight 
loss, fever and/or night sweats. (b) Symptoms of active TB infection, 
and abnormal chest imaging, with improvement following TB treat-
ment. (c) Symptoms of active TB infection and positive histopathol-
ogy, such as caseating granuloma.22 Reactivation of TB in patients 
with latent TB infection and newly diagnosed active TB in patients 
not known to have latent TB infection were considered to be ac-
tive TB infections during IFX therapy or in the 3 months following 
the last infusion. Recording of all AE was based on data reported 
by the treating physician. Routine blood tests including full blood 
count, renal and liver function were checked prior to initiation of 
IFX, at week 2, week 4 and then 4 weekly while on IFX, or at other 
time points dictated by clinical need. Hepatotoxicity was defined as 
either transaminitis (an increase in alanine aminotransferase and/or 
aspartate aminotransferase above the laboratory upper limit of nor-
mal) or hyperbilirubinaemia (an increase in total bilirubin level above 
34.2 μmol/L, or a combination of both). The presence of any comor-
bidities including pre-existing liver, renal or respiratory disease and 
diabetes that might influence risk of AE were also recorded.

2.5 | Statistical analysis

The normal distribution of continuous variables was evaluated by 
the Kolmogorov-Smirnov test. Normally distributed data are pre-
sented as the mean ± standard deviation (SD), and non-normally dis-
tributed data are presented as the median with interquartile range 
(IQR). Categorical variables are presented as the frequency (n) with 
percentage (%). Percentages are rounded up to the nearest integer 
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where simplification assists understanding of results. To determine 
the incidence of active TB in patients with IBD receiving IFX, the 
incidence density was calculated using the following equation: inci-
dence density = number of new cases/number of patients × years 
of follow-up, as previously described with modification.23 The inci-
dence of active TB between the targeted and universal groups was 
evaluated by the conditional maximum likelihood estimate of rate 
ratio. Other outcomes between groups were evaluated by the Chi-
squared (χ2) test and Fisher’s exact test for categorical variables and 
Mann-Whitney U test for continuous variables. The median inter-
val to development of active TB between those with a negative TB 
screen and those with a positive TB screen was also evaluated by 
Mann-Whitney U test. Logistic regression was used to calculate the 
odds ratio (OR) of developing active TB in patients with latent TB in-
fection in comparison to those without latent TB infection receiving 
IFX therapy. All data were analysed using SPSS 22.0 (IBM, Armonk, 
NY, USA). A two-tailed p-value of less than 0.05 was defined as 
significant.

3  | RESULTS

3.1 | Study population

The base cohort retrospectively recruited all 2100 patients with 
IBD aged greater than 18 years who had received IFX therapy at 
18 Chinese hospitals from 2009 to 2017. Due to incomplete de-
mographic or clinical information, 132 patients were subsequently 
excluded. In summary, 1968 patients were, therefore, included to 
calculate the overall incidence of active TB. Mean follow-up was 
1.07 ± 0.87 years with a total follow-up of 2102 patient years.

3.2 | Groups according to latent TB infection status

Based on the results of TB screening before the commencement 
of IFX therapy, the 1968 patients were divided into two groups, la-
tent TB infection positive (n = 166) and latent TB infection nega-
tive (n = 1802). Over two thirds of patients had both TST and IGRA 
together with either chest X-ray or CT. There were no differences 

in the combinations of screening modalities used between patients 
found to be latent TB infection positive and negative (Table 1). The 
clinical characteristics of the total study population and these two 
groups are shown in Table 2. There were no significant differences 
between the groups in age, gender, subtype of IBD, duration of IBD, 
smoking status, duration of IFX, frequency of IFX or concurrent 
therapy with oral steroids or immunomodulator (IM).

3.3 | Groups according to TB 
chemoprophylaxis strategy

Fifty-two patients were diagnosed with latent TB infection following 
TB screening prior to commencement of IFX therapy but did not re-
ceive TB chemoprophylaxis, and were therefore excluded from the 
assessment of TB chemoprophylaxis strategy but are considered later 
as an escape group. The clinical characteristics of this escape group 
are shown in Table S1. Therefore, 1916 patients with IBD receiving 
IFX were divided into two groups: targeted strategy (targeted chemo-
prophylaxis only for patients with latent TB infection) and universal 
strategy (universal chemoprophylaxis for all patients). The clinical 
characteristics of these two groups are shown in Table 3. There were 
no significant differences between the groups in age, gender, subtype 
of IBD, duration of IBD, smoking status, duration of IFX, frequency of 
IFX, concurrent therapy with oral steroids or immunomodulator, or 
comorbidities.

3.4 | Risk of active TB infection

3.4.1 | The incidence of active TB in all patients with 
IBD receiving IFX therapy

Active TB developed in 21 (1.07%) of the 1968 patients with IBD re-
ceiving IFX therapy; 19 CD patients (1.07%) and 2 UC patients (1.06%). 
The incidence rate of TB was 999.1 per 100 000 population per year 
for all patients with IBD. No significant difference was found in TB 
incidence between patients with CD or UC (P = 0.97), with incidence 
rate 978.8 per 100 000 population per year for CD and 1244.0 per 
100 000 population per year for UC. TB incidence was higher in those 

TB screening modalities
Total 
(N = 1968)

Latent TB infection 
positive (n = 166)

Latent TB infection 
negative (n = 1802)

P 
value

Chest X-ray + TST 134 (7%) 11 (7%) 123 (7%) 0.92

Chest X-ray + IGRA 240 (12%) 18 (11%) 222 (12%) 0.58

Chest X-ray + TST + 
IGRA

701 (36%) 61 (37%) 640 (36%) 0.75

Chest CT + TST 28 (1%) 2 (1%) 26 (1%) 0.80

Chest CT + IGRA 177 (9%) 15 (9%) 162 (9%) 0.98

Chest CT + TST + IGRA 688 (35%) 59 (36%) 629 (35%) 0.87

Abbreviations: CT, computed tomography; IGRA, interferon gamma release assay; n, frequency; 
TST, tuberculin skin test.

TA B L E  1   TB Screening modalities 
used in total study population, latent TB 
infection positive and latent TB infection 
negative groups
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receiving concurrent immunosuppression with oral steroids or immu-
nomodulator, although this did not reach statistical significance (789.5 
per 100 000 population per year for monotherapy vs 1317.0 for combi-
nation therapy, p = 0.34).

3.4.2 | The incidence of active TB according to 
screening result for latent TB infection

The identification of 52 patients who were diagnosed with latent TB 
infection prior to commencement of IFX therapy, but did not receive 
TB chemoprophylaxis, allowed quantification of the risk of devel-
oping active TB in this high-risk setting. These patients did not re-
ceive TB chemoprophylaxis for four reasons: (a) uncertainty among 
treating physicians over the requirement for treatment of latent TB 
infection prior to IFX therapy, 39% (20/52 patients); (b) patient re-
fusal, 29% (15/52); (c) positive screening result missed, 19% (10/52) 
and (d) concern from treating physician over risk of AE, 14% (7/52). 
Six of the 52 patients (12%) developed active TB. As expected, TB 
chemoprophylaxis for latent TB infection during IFX therapy sig-
nificantly reduced this risk (2.6% (3/114) of those who received TB 
chemoprophylaxis vs 12% (6/52) of those who did not receive TB 
chemoprophylaxis, χ2 = 3.92, P = 0.048). The overall incidence of 
active TB with IFX therapy was significantly higher in patients with 
latent TB infection compared to those without latent TB infection 

(5.4% (9/166) vs 0.7% (12/1802), OR = 8.55 [95% CI: 3.55–20.61], 
P < 0.001) (Figure 1). However, there was no significant difference 
in TB incidence between patients without latent TB infection who 
did or did not receive TB chemoprophylaxis (0.71% (3/424) vs 0.65% 
(9/1378), χ2 = 0.05, p = 0.83). Twelve patients with a negative TB 
screen developed active TB following IFX therapy (0.7% 12/1802 
of all patients with a negative screen) (Table 4). The median inter-
val to development of active TB was significantly longer in those 
with a negative TB screen when compared to those with a posi-
tive TB screen (248 days (IQR 136-492) vs 124 days (IQR 30-218), 
z = −2.203, P = 0.028) (Table S2).

4  | THE INCIDENCE OF AC TIVE TB 
ACCORDING TO TB CHEMOPROPHYL A XIS 
STR ATEGY

There was no significant difference in the incidence of active TB 
between the targeted and universal TB chemoprophylaxis groups 
(673.3 per 100 000 population per year vs 891.5 per 100 000 pop-
ulation per year, P = 0.60), or in the frequency (0.70% (10/1433) 
vs 1.04% (5/483), χ2 = 0.18, P = 0.67) (Figure 2). Importantly, 
all patients who developed active TB were subsequently cured 
with no deaths, regardless of initial screening result or use of TB 
chemoprophylaxis.

TA B L E  2   Characteristics of total study population, latent TB infection-positive and latent TB infection-negative groups

Clinical characteristics Total (N = 1968)
Latent TB infection positive 
(n = 166)

Latent TB infection negative 
(n = 1802)

P 
value

Age, years (median, IQR)
Gender

27 (21-35) 27 (24-38) 26 (21-36) 0.31

Male (n, %) 1389 (71%) 128 (77%) 1261 (70%) 0.054

Female (n, %) 579 (29%) 38 (23%) 541 (30%)

IBD subtype

CD (n, %) 1779 (90%) 149 (90%) 1630 (91%) 0.77

UC (n, %) 189 (10%) 17 (10%) 172 (10%)

Disease duration, months (median, IQR) 36.0 (10.0-72.0) 37.5 (10.5-72.5) 36.0 (10.0-72.0) 0.68

Smoking status

Never (n, %) 1792 (91%) 150 (90%) 1642 (91%) 0.10

Ex (n, %) 87 (4%) 4 (3%) 83 (5%)

Current (n, %) 89 (5%) 12 (7%) 77 (4%)

Concurrent treatment at screen

Steroids (n, %) 60 (3%) 6 (4%) 54 (3%) 0.66

Immunomodulator (n, %) 708 (36%) 56 (34%) 653 (36%) 0.53

IFX duration, months (median, IQR) 9.6 (7.1-15.1) 9.7 (7.4-15.3) 9.4 (6.9-14.0) 0.17

IFX infusions, total (median, IQR) 7 (6-10) 7 (6-10) 7 (6-9) 0.14

Concurrent treatment during IFX

Oral steroids (n, %) 4 (0.2%) 1 (0.6%) 3 (0.2%) 0.77

Immunomodulator (n, %) 1109 (56%) 95 (57%) 1014 (56%) 0.81

Abbreviations: CD, Crohn’s disease; IFX, infliximab; IBD, inflammatory bowel disease; IQR, interquartile range; n, frequency; UC, ulcerative colitis.
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4.1 | Adverse events from TB chemoprophylaxis

As expected, there were significantly fewer AE related to TB chemo-
prophylaxis in the targeted group compared to the universal group 
(0.35% (5/1433) vs 6.8% (33/483), χ2 = 78.11, P < 0.05) (Table 5). AE 
were reported more frequently in patients who received combina-
tion isoniazid and rifampicin (20% (18/90) vs isoniazid alone (3.1% 
(14/448), χ2 = 39.72, P < 0.01). However overall, AE were relatively 
uncommon and notably none led to the complete discontinuation 
of TB chemoprophylaxis. Data on drug resistance patterns to iso-
niazid and rifampicin in patients who developed active TB were not 
available.

5  | DISCUSSION

This is the largest study to date reporting the incidence of active TB 
in patients receiving anti-TNF therapy in a high TB burden region, 

and the first study in China in patients with IBD. In this retrospec-
tive hospital-based cohort study, the incidence of active TB was 
999.1 per 100 000 population per year. This equates to a 16-fold 
increased risk when compared to the incidence of TB in the gen-
eral population in China, most recently reported as 61 per 100 000 
population per year.4 This strikingly high incidence underlines the 
importance of implementing a robust strategy to reduce the risk of 
active TB in patients receiving anti-TNF therapy where TB is en-
demic. However, the proportion of patients found to have latent TB 
infection on screening prior to initiation of IFX was relatively low 
(8.4% 166/1968), given an estimated population prevalence of over 
25% in China.24 This reflects a number of factors beyond the known 
limitations of screening assays, including understandable reluctance 
from physicians to prescribe IFX in patients with proven latent TB 
infection, the younger age of patients and the higher socioeconomic 
status of patients typically able to afford IFX therapy. A similarly 
low proportion of patients in high TB burden regions were found to 
have latent TB infection on screening prior to initiation of anti-TNF 
therapy in a meta-analysis (10.3%).17

As expected, the risk of active TB in patients with IBD and latent 
TB infection receiving IFX was significantly higher than in patients 
without latent TB infection (OR 8.55). The use of chemoprophy-
laxis significantly reduced, but did not abolish this risk, with 2.6% 
of patients still developing active TB. Chemoprophylaxis failure may 
represent drug resistance or poor compliance, with a previous me-
ta-analysis demonstrating that both TB chemoprophylaxis regimens 
used in this study (3 months isoniazid and rifampicin, or 6 months 
isoniazid) have comparable efficacy.25 This study also highlights the 
challenges of ensuring patients who initiate anti-TNF therapy that 
receive TB chemoprophylaxis following a positive screening result 
for latent TB infection. This did not occur in 52 patients, and under-
lines the need for institution of fail-safe strategies for the follow-up 
of TB screening results, education and support of physicians who 
may be unfamiliar with the management of latent TB infection, and 
careful counselling of patients about the importance of TB chemo-
prophylaxis. Furthermore, and consistent with previous research, 
this study found that active TB may still develop in patients with 
a negative TB screen, occurring in 12 patients (0.7% 12/1802 of all 
patients with a negative screen).16,26,27 While a higher rate of active 
TB following IFX with a negative TB screen (8.8% 7/79 patients) was 
described in a study from India, this may represent higher local prev-
alence of TB, or bias in a much smaller dataset.27 Although concur-
rent immunosuppression is known to reduce screening sensitivity, 
only 2/12 patients in our study were on oral steroids and/or immu-
nomodulator at the time of the screen.12 Furthermore, the majority 
(9/12) were screened using the more sensitive IGRA, while one third 
had both a negative IGRA and TST.

Notably, the majority of patients who developed TB following 
IFX had pulmonary disease (18/21) while only three patients had ex-
trapulmonary disease. This is in contrast to previous studies which 
have reported much higher rates of extrapulmonary TB (57-91%) 
following IFX.7,16 This may reflect earlier and more aggressive inves-
tigation for active TB during IFX therapy in China, where awareness 

TA B L E  3   Characteristics of TB chemoprophylaxis groups

Clinical 
characteristics

Targeted 
strategy 
(n = 1433)

Universal strategy 
(n = 483)

P 
value

Age, years (median, 
IQR)

27 (22-36) 26 (19-33) 0.20

Gender

Male (n, %) 1010 (71%) 338 (70%) 0.83

Female (n, %) 423 (30%) 145 (30%)

IBD subtype

CD (n, %) 1305 (91%) 427 (88%) 0.09

UC (n, %) 128 (9%) 56 (12%)

Disease duration, 
months (median, 
IQR)

36.2 
(10.3-72.0)

37.3 (10.0-72.3) 0.70

Smoking status

Never 1302 (91%) 437 (91%) 0.79

Ex 67 (5%) 21 (4%)

Current 64 (4%) 25 (5%)

IFX duration, 
months (median, 
IQR)

9.7 
(7.2-15.2)

9.8 (7.8-15.5) 0.18

IFX infusions, total 
(median, IQR)

7 (6-9) 7 (6-10) 0.16

Concurrent 
treatment during 
IFX

3 (0.2%) 1(0.2%) 0.99

Oral steroids (n, %)

Immunomodulator 
(n, %)

820 (57%) 266 (55%) 0.41

Comorbidities 15 (1%) 5 (1%) 0.98

Abbreviations: CD, Crohn’s disease; IFX, infliximab; IBD, inflammatory 
bowel disease; IQR, interquartile range; n, frequency; UC, ulcerative 
colitis
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is high among treating physicians, thereby reducing delays in diag-
nosis and extrapulmonary spread. It might also be explained by dif-
ferences in the diagnosis of extrapulmonary disease, most notably 
interpretation of lymph node involvement.

The interval to active TB infection was significantly longer in pa-
tients with a negative initial screen, with two cases occurring at least 
3 years after commencement of IFX therapy, although most (9/12) 
occurred in the first year. Importantly, the delayed development of 
active TB in some cases may represent new TB infection, rather than 
re-activation of latent TB infection. Our finding that universal TB 
chemoprophylaxis at initiation of IFX therapy did not reduce sub-
sequent incidence of active TB further supports the importance of 
new TB infection in this setting. Indeed, a very recent meta-analysis 
has demonstrated that the risk of active TB following anti-TNF ther-
apy is critically dependent upon local TB burden, yet the proportion 
of patients who tested positive for latent TB infection was similar 
between low and high TB burden countries.17 Thus, physicians must 
be aware of the need for careful monitoring for symptoms and signs 

of active TB in all patients receiving anti-TNF therapy, regardless of 
the TB screening result or the use of TB chemoprophylaxis.

This leads to the critical question of how best to reduce the 
risk of active TB in patients receiving anti-TNF therapy where TB 
is endemic. Importantly, this study found no difference in efficacy 
between targeted and universal chemoprophylaxis strategies. 
Adverse events related to TB chemoprophylaxis were, however, 
significantly less frequent in the targeted group. AE were reported 
in 5.6% of patients receiving universal chemoprophylaxis, with the 
most significant, hepatotoxicity, occurring in 2.1%. Hepatotoxicity 
is a major adverse effect of isoniazid and increases markedly with 
age. The relatively high incidence of hepatotoxicity in our cohort, 
which had a median age below 35 is notable, with an incidence 
of just 0.2% in this younger age group reported by a systematic 
review.28 In our study, hepatotoxicity was reported by the treat-
ing physician, and therefore the higher incidence may represent 
variation in definition, or it may represent the effect of concurrent 
therapy for IBD, such as thiopurines or methotrexate. Remarkably, 

F I G U R E  1   Analysis of the incidence 
of active TB in the latent TB infection and 
no latent TB infection groups with IFX 
therapy

IBD patients
receiving IFX
therapy
(n = 1968)

Latent TB
infection positive
(n = 166)

IBD, inflammatory bowel disease; IFX, infliximab; TB, tuberculosis

Latent TB
infection negative
(n = 1802)

TB chemoprophylaxis
(n = 424)

No TB chemoprophylaxis
(n = 1378)

No TB chemoprophylaxis
(n = 52)

Active TB (n = 3)

No active TB (n = 111)

Active TB (n = 6)

No active TB (n = 46)

Active TB (n = 3)

No active TB (n = 421)

Active TB (n = 9)

No active TB (n = 1369)

TB chemoprophylaxis
(n = 114)

TA B L E  4   Characteristics of patients with a negative TB screen who developed active TB following IFX therapy

Age, years/Gender TST IGRA
Chest 
X-ray

Chest 
CT

Steroids/
IM

Universal TB 
chemoprophylaxis Site of TB

Interval to TB 
infection, months

46/M (-) (-) (-) (-) No ND Lung 8.6

25/F ND (-) (-) ND No ND Lung 10.1

42/M (-) (-) (-) ND IM INH Lung 48.3

29/F (-) ND (-) ND No INH Lung 4.7

29/M ND (-) (-) (-) No ND Lung, CNS 3.8

19/M (-) (-) (-) ND No ND Lung 4.4

23/M ND (-) (-) (-) No ND Lung 4.9

37/M ND (-) (-) ND Both ND Lung 10.2

25/M ND (-) (-) ND No INH + RFP Lung 7.7

24/M (-) ND (-) ND No ND Lung 36.4

20/M (-) (-) ND (-) No ND Lung, 
peritoneum

18.2

25/M (-) ND (-) ND No ND Lung 2.3
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no AE led to complete discontinuation of TB chemoprophylaxis, 
which may in part be explained by the younger age of our cohort, 
with increasing age and co-morbidities established risk factors for 
intolerance of chemoprophylaxis.29 The use of universal chemo-
prophylaxis may also theoretically increase the risk of drug resis-
tance, and is associated with the need for additional blood tests 
and follow-up to monitor for AE. Given that universal chemopro-
phylaxis does not significantly reduce the incidence of active TB, 
this study suggests that targeted chemoprophylaxis may be the 

optimal strategy in regions where TB is endemic. However, we em-
phasise that a robust system of TB screening must be in place, and 
recognise the challenges and associated costs of this. Only a sin-
gle study has previously addressed the question of TB chemopro-
phylaxis during anti-TNF therapy following a negative TB screen. 
Pooled data from trials of certolizumab in rheumatoid arthritis, 
psoriasis, psoriatic arthritis and axial spondyloarthritis suggested 
that isoniazid chemoprophylaxis in patients with a negative TST 
did not significantly reduce the incidence of TB, but the numbers 

F I G U R E  2   Analysis of active TB infection in the two TB chemoprophylaxis strategy groups with IFX therapy

IBD patients receiving IFX therapy
(n = 1968)

Patients in the two TB chemoprophylaxis groups
(n = 1916)

Targeted TB chemoprophylaxis
(n = 1433)

Universal TB chemoprophylaxis
(n = 483)

Escape group: Patients with latent TB infection
who did not receive TB chemoprophylaxis

(n = 52)

Active TB No active TB
(n = 6) (n = 46)

No active TB
(n = 478)

Active TB
(n = 5)

No active TB
(n = 1423)

Active TB
(n = 10)

IBD, inflammatory bowel disease; IFX, infliximab; TB, tuberculosis

Variable
Targeted strategy 
(n = 1433)

Universal strategy 
(n = 483)

P 
value

Patients with latent TB-positive 
screen

55 59

Chemoprophylaxis (n) 55 483

INH 6 months (n, %) 43 (78%) 405 (84%) 0.29

INH + RFP 3 months (n, %) 12 (22%) 78 (16%)

Patients with AE (n, %) 5 (0.4%) 27 (5.6%) <0.05

Frequency of AE (n, %) 5 (0.4%) 33 (6.8%) <0.05

Type of AE (n, %)

Hepatotoxicity 1 (0.1%) 10 (2.1%) <0.05

Skin rash 1 (0.1%) 5 (1.0%) <0.05

Gastrointestinal symptoms 3 (0.2%) 14 (2.9%) <0.05

Dizziness 0 2 (0.4%)

Arthralgia 0` 2 (0.4%)

Patients with ≥ 2 types of AE 
(n, %)

0 6 (1.2%)

AE leading to discontinuation (n) 0 0

Abbreviations: AE, adverse events; INH, isoniazid; LTBI n, frequency; RFP, rifampicin.

TA B L E  5   Frequency of AE with TB 
chemoprophylaxis in the targeted and 
universal strategy groups
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were small, with just one patient developing active TB following 
chemoprophylaxis.30

The present study has some important limitations. Firstly, there 
was no healthy age-matched control group, and thus the relative risk 
of active TB during IFX therapy can only be estimated using pop-
ulation data from the WHO. Secondly, IFX was the only anti-TNF 
therapy assessed, although studies suggest the risk of developing 
active TB is similar with adalimumab.31 Thirdly, one must be cautious 
in extrapolating the data to other diseases where anti-TNF therapy 
is used, as it appears that the treatment indication may modulate the 
risk of developing active TB. For example, the risk of active TB in 
rheumatoid arthritis is significantly increased independently of an-
ti-TNF therapy.31 Finally, we acknowledge the potential risk of bias 
in the physician selection of targeted or universal TB chemoprophy-
laxis in this retrospective study, but highlight that differing practice 
across China has predominantly been shaped by variance in the 
adoption of historical guidelines, and not by perceived risk of TB.18

In conclusion, this is the largest study to date assessing TB 
chemoprophylaxis strategies in patients receiving anti-TNF ther-
apy where TB is endemic. Universal chemoprophylaxis was not 
associated with a reduced risk of active TB when compared to a 
targeted chemoprophylaxis strategy, and AE were more common. 
This supports the use of targeted TB chemoprophylaxis when an-
ti-TNF therapy is initiated in TB endemic regions. With increasing 
use of anti-TNF therapy in countries such as China and India, which 
carry the greatest burden of TB in the world, this study provides 
a valuable resource to guide preventive strategies. It may also aid 
decision making when treating high-risk groups, such as migrants 
from endemic regions, in countries where the overall incidence of 
TB is lower.
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