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Background: TNFα inhibitors are regularly used to treat autoimmune diseases.
Tuberculosis (TB) and viral hepatitis B are considered potential infectious
complications, and screening and surveillance are therefore recommended.
Current guidelines do not take into account regional differences in endemicity of
these infections.

Methods: A systematic literature review of TB and viral hepatitis in patients receiving
TNFα-inhibitors was performed, searching in PubMed, Embase, MEDLINE andWebof
Science databases. Studies were selected against predefined eligibility criteria and
assessed using the Newcastle-Ottawa scale. The number of TB and viral hepatitis
cases/1,000 TNFα-inhibitor patients were evaluated, and regional variation
compared.

Results: 105 observational studies involving over 140,000 patients were included.
Overall, 1% of patients developed TB or viral hepatitis B. TB cases/1,000 TNFα-
inhibitor patients were 4-fold higher in Asia, Africa, and South America than in
Europe, North America, and Australasia where only 0%–0.4% of patients developed
TB. Hepatitis B cases/1,000 patients were over 15-fold higher in countries with high
prevalence (China, Taiwan, South Korea, Thailand) compared with low prevalence
(p < 0.00001) where only 0.4% of patients developed hepatitis B. Only three of
143 patients developed viral hepatitis C, and there was insufficient data to allow
regional sub-analysis.

Conclusion: TB and viral hepatitis B infections in patients treatedwith TNFα inhibitors
are largely confined to countries with high prevalence of these infections. As only 1/
2,500 patients in low prevalence countries treatedwith TNFα inhibitors develop TB or
viral hepatitis B, we suggest an individualized, risk-based approach, rather than
universal screening for all patients.
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Introduction

Dysregulated tumor necrosis factor alpha (TNFα) signaling plays a central role in the
pathogenesis of many inflammatory diseases such as rheumatoid arthritis (RA), inflammatory
bowel disease (IBD) and psoriasis (PsO) (Ettehadi et al., 1994; Olsen et al., 2007; Sands and
Kaplan, 2007; Tracey et al., 2008). Anti-TNFα biologics improve patient outcome, particularly
in those who do not respond to conventional immune suppressants (van der Heijde et al., 2005;
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Colombel et al., 2007). There are currently five approved TNFα-
inhibitor therapies: infliximab, adalimumab, golimumab, and
certolizumab pegol are monoclonal-antibody therapies, whilst
etanercept is a receptor fusion protein.

Tuberculosis (TB), hepatitis B (HBV) and hepatitis C virus (HCV)
are considered potential infectious complications of TNFα-inhibitor
therapies (Salvana and Salata, 2009). Concerns regarding TB risk
followed a 2001 study, in which 70 TB cases (0.03%) were reported in
249,131 patients receiving infliximab or etanercept, 62 from the US
and low-risk countries in Europe (Keane et al., 2001). Fifty-six percent
had extrapulmonary TB and one-quarter had disseminated TB. Fifty-
five patients had received another immunosuppressant. Subsequent
clinical-trial, post-marketing data and registry case series have
reported further cases of TB (Fischkoff, 2001; Mohan et al., 2004;
Wallis et al., 2004). It is now widely accepted that TNFα inhibitors are
associated with an increased risk of TB, although a definite causal
relationship has not been established.

Because of evidence of HBV and HCV reactivation in patients
receiving immunosuppressive therapies such as glucocorticoids and
chemotherapy (Vento et al., 2002), concerns have also been raised
regarding a risk of viral hepatitis with TNFα-inhibitor use. There have
been reported cases of HBV and HCV reactivation in TNFα-inhibitor
patients in clinical practice, although attribution of these infections to
TNFα inhibitors is circumstantial (Michel et al., 2003; Pérez-Alvarez
et al., 2011).

The implication is that expert opinion and clinical guidelines
recommend that all patients receiving TNFα inhibitors undergo
screening and monitoring for TB and viral hepatitis infections.
However, current screening guidelines do not consider regional
differences in the endemicity of these infections. Two-thirds of the
10 million new TB infections reported globally in 2020 were from only
eight countries in Asia and Africa (World Health Organization
(WHO), 2021). China and India reported some of the highest
numbers of new TB cases in 2020, an estimated 59 and 188 cases/
100,000 of the population respectively, compared to an estimated
2.4 TB cases/100,000 of the population in the United States. Western
European nations, Canada, Australia, and New Zealand also reported
a low incidence of TB (Pai et al., 2016). China (≥8%), South-East Asian
and African regions report the highest prevalence of chronic HBV
infection, whilst Europe, Western Asia, and North America report a
low prevalence of <1% (World Health Organization (WHO), 2017;
European Association for the Study of the Liver (EASL), 2018). China,
Pakistan, India, Egypt, and Russia account for half of worldwide HCV
infections, whilst only a small percentage occur in Western countries
(Manns et al., 2017).

Previous systematic reviews have reported an increased risk of TB
in patients receiving TNFα inhibitors (Ai et al., 2015; Zhang et al.,
2017), with a greater frequency of infection in Asia and South America
compared with Western Europe and North America (Sartori et al.,
2020). However, these systematic reviews were largely limited to
randomized clinical trials, restricted to patients with rheumatic
diseases and lacked real-world data. Previous systematic reviews
and meta-analyses estimate a low HBV reactivation rate (Cantini
et al., 2014; Moghoofei et al., 2018), are limited to patients with
rheumatic diseases and are outdated.

No previous systematic review has investigated interregional
differences in TB infection in TNFα-inhibitor patients across all
inflammatory diseases. There are no reports assessing the
interregional differences in both HBV and HCV infection risk in

patients treated with TNFα-inhibitor therapies. As the number of
TNFα inhibitor prescriptions increase worldwide, there is an urgent
need to understand regional-specific risks of TB and viral hepatitis
infection, allowing for an evidence base for infection screening and
surveillance. The aim of this systematic review was therefore to assess
the interregional differences in TB and viral hepatitis in patients
exposed to TNFα inhibitors using real-world data. The study
compared the frequency of these infections in TNFα-inhibitor
patients across continental subgroups, as well as subgroups
according to high or low infection prevalence in the general
population.

Materials and methods

Protocol and registration

This systematic review was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines (Page et al., 2021). The review protocol was
registered at PROSPERO (registration number: CRD42022358834).

Search strategy

A systematic search was performed for published observational
studies, including post-marketing reports, that reported the number of
cases of TB, HBV and/or HCV among patients exposed to any of the
five approved TNFα inhibitors. A systematic literature search of the
PubMed, Embase, MEDLINE and Web of Science databases was
conducted up to 23rd May 2022, using predetermined key search
terms and combinations thereof (Supplementary Appendix SA). The
database search was supplemented by screening recent existing
systematic reviews related to the topic for additional relevant
studies not identified in the literature search (Cantini et al., 2014;
Zhang et al., 2017; Sartori et al., 2020).

Eligibility criteria

Studies were included according to predefined inclusion criteria:

Participants
Patients with any rheumatic, dermatologic or inflammatory

disease exposed to any of the five approved TNFα inhibitors. No
limitation on age, length of time receiving treatment or length of
follow-up.

Interventions
Exposure to at least one TNFα inhibitor (infliximab, adalimumab,

etanercept, golimumab, certolizumab pegol), with or without
concomitant standard treatment.

Comparators
Patients not exposed to TNFα inhibitors.

Outcomes
Number of cases of TB, HBV, and/or HCV infection or

reactivation. Geographic location of study.
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Study design
Published observational studies, post-marking reports. No

limitation on location of study or date of publication.
Non-English language publications, letters, case reports, clinical

trials, meta-analyses, and abstracts were excluded. Publications which
did not state the location of the study, or did not report number of
cases of TB, HBV and/or HCV were also excluded.

Study selection

Screening was performed by NJ and then output reviewed by PDA.
Studies retrieved by the search strategy were exported to EndNote
20 and the total number of records was documented. Duplicated
studies were removed using the EndNote ‘Find Duplicates’ automated
tool, as well as manually by screening of publication title. Remaining
records were then screened by title and abstract to produce a list of
publications for full-text review, excluding unrelated and irrelevant
articles. Any publications which could not be confidently excluded by
title and abstract underwent full-text review to assess eligibility,
according to the inclusion and exclusion criteria. Following full-
text assessment for eligibility, a final list of publications for
inclusion in the systematic review was produced.

Data extraction and quality assessment

NJ performed data extraction and risk of bias evaluation. For each
included study, the following primary outcomes were extracted:
number of patients exposed to TNFα inhibitors, number of
patients who developed active TB, HBV and/or HCV (diagnosed
through any screening method recommended in the guidelines),
and geographical study location. As well as essential publication
details (date, authors, type of study), the secondary outcomes
extracted were: TNFα inhibitor(s) used, disease(s) treated, use of
concomitant treatment and prophylaxis, serological infection status
prior to TNFα-inhibitor therapy, time elapsed from exposure to
infection, management of infection and number of infection-related
deaths.

The quality of the studies was assessed for bias using the
Newcastle-Ottawa quality assessment scale for cohort studies
(Wells et al., 2000). According to the Newcastle-Ottawa scale, a
maximum score of 9 can be awarded to a study, based on
customizable categories relating to the selection of the study
groups, comparability of the groups, and ascertainment of
outcome. In this systematic review, studies with a score ≥5 were
considered to have low risk of bias. Full details of the customizations
made to the Newcastle-Ottawa scale are detailed in the Supplementary
Appendix SB.

Statistical analysis

Included studies were divided according to the infectious
complication they assessed. For each infectious complication,
studies were further organized by geographic location for subgroup
analyses. Studies were organized into subgroups by continent, as well
as into subgroups of high or low burden of the infection in the
population of the study country. The primary endpoint for each

subgroup was evaluated and expressed as number of TB, HBV, or
HCV cases/1,000 patients exposed to TNFα inhibitors. The number of
cases/1,000 patients were compared between subgroups. Statistical
comparisons between subgroups were performed using Chi-squared
test, with a 0.05 significance level (Stangroom, 2022).

Results

The results of the study selection strategy, including reasons for
exclusion, are outlined in the PRISMA flow diagram (Figure 1).
1,238 records were identified through the database search:
123 records in PubMed, 882 in Embase, 123 in MEDLINE and
110 in Web of Science. Fifty-six additional publications were
identified through screening the references of recent relevant
systematic reviews, giving a total of 1,294 records. After removal of
duplicates, 1,023 records remained and were examined by title and
abstract. 794 articles were excluded as they did not meet the inclusion
criteria. The remaining 229 articles were reviewed in full text for
eligibility.

A total of 105 articles ultimately met the inclusion criteria and
were included in the systematic review, with publication years ranging
from 2004–2022. Eighty-four included studies reported the number of
cases of TB infection or reactivation with TNFα inhibitors, 23 studies
reported the number of cases of HBV infection or reactivation, and six
studies reported the number of cases of HCV reactivation. Eight of
these studies investigated more than one infectious complication and
were included in more than one group.

Assessment of risk of bias

The risk of bias of the 105 included studies was evaluated
according to categories outlined in the Newcastle-Ottawa scale
(Wells et al., 2000) (Supplementary Appendix SB). Studies with a
score of <5 out of a maximum of nine were considered to have
potential risk of bias. A score of <5 was awarded to only four studies.
All four studies investigated TB infection with TNFα inhibitors.

TB risk with TNFα inhibitors

Eighty-four observational studies published from 2004–2022 were
identified, in which the number of cases of TB infection or reactivation
was reported in patients receiving TNFα inhibitors. Of these
observational studies, four were post-marketing reports. Eighty of
the 84 studies reported only TB infections, whist the remaining four
reported both TB and HBV infections. The studies investigated
patients being treated for a broad range of inflammatory
conditions, most commonly RA, ankylosing spondylitis (AS),
psoriatic arthritis (PsA), PsO, ulcerative colitis (UC), and Crohn’s
disease (CD). Included studies investigated both children and adults.
Extended study characteristics are outlined in Supplementary
Appendix Table SC1.

The median number of study participants was 8,359 (range
25–16,742). A total of 138,592 patients were exposed to at least
one TNFα inhibitor. Of those exposed to TNFα inhibitors,
1,320 developed active TB (1% of patients). Ten studies reported
no cases of TB development, whilst 12% of TNFα-inhibitor exposed
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patients developed active TB in an Indian cohort (Agarwal et al.,
2018). Overall, there were 10 TB cases/1,000 TNFα-inhibitor-exposed
patients.

When considering only studies with a low risk of bias,
137,059 patients were exposed to TNFα inhibitors, of whom

1,313 developed active TB (1% of patients). Frequency of TB was
10 cases/1,000 exposed patients in studies with a low risk of bias. There
was no significant difference in the number of TB cases/1,000 patients
between low risk of bias studies and all studies included (p = 0.9), and
thus the quality of the included studies was deemed sufficient.

FIGURE 1
PRISMA flow diagram of study identification, screening, and selection for inclusion in this systematic review.
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Subgroup analysis of TB by continent

Studies which reported the number of cases of TB in TNFα-
inhibitor patients were subdivided according to continental location
for subgroup analysis. Of the 84 included studies, 52 were conducted
in Asia, 17 in Europe, seven in North America, five in South America,
two in Africa and one in Australasia (Table 1).

A total of 79,428 patients were exposed to at least one TNFα
inhibitor in ten countries in Asia, with 1,077 cases of active TB
reported (1.4% of patients). This corresponds to 14 cases/
1,000 exposed patients. Two of 52 Asian studies reported no cases
of active TB (Torii et al., 2016; Al-Sohaim et al., 2021). 38,719 patients
received TNFα inhibitors in ten countries in Europe, in whom
171 cases of active TB were reported (0.4% of patients),
corresponding to 4 cases/1,000 exposed patients. Three of
17 European studies reported no cases of active TB (Bracaglia
et al., 2012; Atteno et al., 2014; Tarkiainen et al., 2015). In North
America (United States and Canada), 18,685 patients were exposed to
at least one TNFα inhibitor. Twenty-two cases of active TB were
reported in this population (0.1% of patients), with 1 case/
1,000 exposed patients. Three of seven North American studies
reported no cases of active TB (Aggarwal et al., 2009; Rahman
et al., 2016; Rahman et al., 2020a). Of the five studies conducted in
South America, were all located in Brazil. 874 patients received TNFα
inhibitors, and 30 cases of active TB developed in this population
(3.4% of patients). This corresponds to 34 cases/1,000 exposed
patients. Both African studies took place in South Africa.
260 patients received at least one TNFα inhibitor. Twenty cases of
active TB were reported in a single study (du Toit et al., 2020), with no
cases of active TB in the other study (Pettipher et al., 2016) (7.7% of
patients). Overall, there were 77 TB cases/1,000 exposed patients
across African studies. A single study was conducted in Australasia,
across New Zealand and Australia (Lawrance et al., 2010). In this study
626 patients were exposed to TNFα inhibitors, with no cases of active
TB. The greatest number of TB cases/1,000 patients was observed in
Africa, followed by South America and Asia, whilst the lowest

numbers of TB cases/1,000 patients were observed in Australasia,
North America, and Europe (Figure 2).

When considering continental differences in the development of
active TB in TNFα-inhibitor patients, Asian, South American, and
African studies comprised the subgroup of studies performed in
continents with high TB burden, whilst European, North
American, and Australasian studies comprised the subgroup of
studies performed in continents with low TB burden. TB cases in
the high-burden continents demonstrated a combined frequency of
14 TB cases/1,000 patients, whilst combined frequency in the low-
burden continents was 3 TB cases/1,000 patients (Table 1). These data
show a statistically significant difference in frequency of TB between
studies in Asia, South America and Africa compared to Europe, North
America, and Australasia (p < .00001).

Subgroup analysis of TB by regional burden

To account for the fact that general prevalence of TB may vary
between countries within the same continent, a subgroup comparison
according to regional burden was performed. The World Health
Organization (WHO) has established a list of 30 ‘high-burden
countries’ for TB [World Health Organization (WHO), 2021].
These are the top 20 countries with the highest absolute number of
new TB cases in 2019, and the top ten countries with the highest
number of new cases/100,000 of the population in 2019 not already
included in the list, that exceed the threshold of 10,000 new cases/year.
When considering the top 30 high-burden TB countries, 28 of the
included studies took place in these regions, including studies in
Brazil, China (including Taiwan and Hong Kong), India, South
Africa, and Thailand (Table 1). There were 20 TB cases/
1,000 exposed patients in those exposed to TNFα inhibitors in
these studies, compared to 6 cases/1,000 exposed patients in the
remaining studies (Table 1). There was a statistically significant
difference in the number of TB cases/1,000 patients between
studies performed in the top 30 high-burden TB countries and

TABLE 1 Interregional differences in the frequency of TB infection in patients receiving TNFα inhibitors.

Geographic region # Studies Total patients Infected patients % Infected patients TB cases/1,000 patients p-value

World 84 138,592 1,320 1.0 10 <.00001

Asia 52 79,428 1,077 1.4 14

Europe 17 38,719 171 .4 4

N. America 7 18,685 22 .1 1

S. America 5 874 30 3.4 34

Africa 2 260 20 7.7 77

Australasia 1 626 0 .0 0

High-burden continents 59 80,562 1,127 1.4 14

Low-burden continents 25 58,030 193 .3 3 <.00001

High-burden countries 28 33,021 626 2.0 20

Remaining countries 56 105,571 644 .6 6

Statistical comparison was performed using the Chi-squared test, with a 0.05 significance level. The number of TB cases/1,000 patients was compared between distinct subgroups: studies in continents

with a high TB burden (Asia, South America, Africa) compared to continents with a low TB burden (Europe, North America, Australasia); and studies undertaken in the top 30 “high-burden

countries” for TB (Brazil, China, India, South Africa, and Thailand) versus the remainder. Taiwan and Hong Kong were considered as part of China in this analysis.

Frontiers in Pharmacology frontiersin.org05

Jahnich and Arkwright 10.3389/fphar.2023.1046306

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2023.1046306


those performed outside of these countries (p < .00001). Adding South
Korea as a high TB burden country, 42 studies took place in high-
burden regions with 19 cases TB/1,000, compared to 4 cases TB/
1,000 in low-burden countries (p < .00001).

HBV risk with TNFα inhibitors

Twenty-three observational studies published from 2009 to
2022 were identified, which reported the number of cases of HBV
infection or reactivation in patients receiving TNFα inhibitors. One of
these studies was a post-marketing report. Four studies reported both
HBV and HCV infections, and four studies reported both HBV and
TB infections. Extended study characteristics are outlined in
Supplementary Appendix Table SC2.

The median number of study participants was 845 (range
4–1,693). A total of 3,554 patients received at least one of the five

approved TNFα inhibitors. Patients were treated across a broad
spectrum of rheumatological, dermatological and inflammatory
bowel diseases, most commonly RA, AS, PsA, PsO, UC, and CD.
Forty-seven cases of active HBV were reported (1.3% of patients),
defined by the presence of previously undetectable HBV-DNA, HBV-
DNA viral load increase, or the appearance of the HBV surface
antigen, HBsAg, in serum. Eight studies reported zero cases of
active HBV, with a high of 43% of TNFα-inhibitor-exposed
patients experiencing HBV reactivation in a Taiwanese study (Cho
et al., 2012). Overall, 13 HBV cases/1,000 exposed patients occurred in
the included studies.

Subgroup analysis of HBV by continent

Studies were subdivided by continental location (Table 2). A total
of 14 studies were conducted in Asia and nine studies were conducted

FIGURE 2
Regional differences in the frequency of TB and HBV infection in TNFα-inhibitor patients. (A) Continental differences in TB frequency in TNFα-inhibitor
patients. (B) Differences in HBV frequency according to regional burden. Frequency is defined as number of cases/1000 TNFα-inhibitor patients.

TABLE 2 Interregional differences in the frequency of HBV infection in patients receiving TNFα inhibitors.

Geographic
location

# Studies Total patients Infected patients % Infected patients HBV cases/1,000 patients p-value

World 23 3,554 47 1.3 13

Asia 14 3,143 43 1.4 14 .5

Europe 9 411 4 1.0 10

High-burden regions 6 339 22 6.5 65 <.00001

Low-burden regions 16 3,024 11 .4 4

Statistical comparison was performed using the Chi-squared test, with a 0.05 significance level. The number of HBV cases/1,000 patients was compared between distinct subgroups: studies in Asia vs.

studies in Europe, and studies in countries with a high (≥8%) chronic HBV burden (Taiwan, South Korea, Thailand, China) vs. studies in countries with a low (<8%) chronic HBV burden (Italy,

France, Spain, Greece, Turkey, Japan). In the latter comparison, a study across multiple Asian countries was not included (Lee et al., 2022), and hence the sum of studies and patients in this comparison

does not equal that of all studies.
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in Europe. No studies were conducted in Africa, Australasia, or the
Americas.

3,143 patients were exposed to TNFα inhibitors in six countries in
Asia. Forty-three cases of HBV infection or reactivation were reported
in this population (1.4% of exposed patients). Two of 14 studies in Asia
reported no cases of active HBV (Sayar et al., 2020; Namba et al.,
2022). Frequency of HBV across Asian studies was 14 cases/
1,000 patients. 411 patients received TNFα inhibitors in four
countries in Europe, with four cases of HBV reported across three
studies (1% of exposed patients) (Garcia-Vidal et al., 2009;
Vassilopoulos et al., 2010; Morisco et al., 2013). The remaining six
studies reported no cases of active HBV. Frequency of HBV across
European studies was 10 cases/1,000 patients. The number of HBV
cases/1,000 exposed patients in studies performed in Europe was not
statistically significant in relation to studies performed in Asia (p = .5).

Subgroup analysis of HBV by regional burden

Studies were also subdivided into those performed in countries
with high HBV burden, defined as ≥8% prevalence of chronic HBV,
and those performed in low burden countries with <8% prevalence of
chronic HBV (Yuen et al., 2018) (Table 2). High-burden countries
included Taiwan, South Korea, Thailand, and China, whilst low-
burden countries included Italy, France, Spain, Greece, Turkey, and
Japan. A single study conducted across multiple Asian nations of
differing HBV burden was excluded from this analysis (Lee et al.,
2022). Three-hundred and thirty-nine patients were exposed to TNFα
inhibitors in high-burden countries, across six studies. Twenty-two
cases of active HBV were reported in this subgroup (6.5% of patients),
corresponding to 65 cases/1,000 patients. All six studies in high-
burden countries reported cases of HBV. 3,024 patients received TNFα
inhibitors in low-burden countries across 16 studies, with 11 cases of
active HBV reported (0.4% of patients). Half of studies in low-burden
countries reported no cases of HBV. Of the eight studies in the low-
burden subgroup which reported HBV cases, all cases were
reactivation of previous or chronic HBV infection, except for one
case in which the patient was not tested for HBc or HBs antibodies
prior to TNFα-inhibitor therapy (Ogata et al., 2016). There were
4 cases/1,000 patients in the low-burden subgroup. These data show a
significant difference in the number of HBV cases/1,000 TNFα-
inhibitor patients between countries with a high HBV burden and
countries with a low HBV burden (p < .00001) (Figure 2).

HCV reactivation risk with TNFα inhibitors

Six studies were identified which reported the number of cases of
HCV reactivation in patients receiving TNFα inhibitors, of which four
studies also reported HBV infections. The median number of study
participants was 31 (range 6–67), with publication years ranging from
2010 to 2015. Extended study characteristics are outlined in the
Supplementary Appendix Table SC3.

A total of 143 participants received therapy with at least one TNFα
inhibitor, namely adalimumab, etanercept and/or infliximab. None of
the six studies treated patients with golimumab or certolizumab pegol.
Inflammatory conditions treated were RA, AS, PsA, CD, and PsO. One
study did not report age or gender distribution for the TNFα-inhibitor
exposed cohort, however in the remaining studies 52% of patients were

female. Of the total patients exposed to TNFα inhibitors, three cases of
HCV reactivation were reported (2.1% of patients), defined by an
increase in HCV viral load. Two cases were reported in a single
Spanish study (Navarro et al., 2013) and the remaining case was
reported in an Italian study (Caporali et al., 2010). All cases of
reactivation occurred in HCV positive patients. Overall, there were
21 HCV cases/1,000 patients.

Studies were subdivided according to continent. Five of the six
studies were conducted in Europe, of which four were conducted in
Italy. One study was conduction in Asia (Taiwan). Due to the limited
number of studies and regional distribution, we were unable to
perform subgroup statistical analysis between regions in the HCV
group.

Discussion

This is the first systematic review to focus on global regional
differences in the risk of TB, HBV and HCV in patients treated with
TNFα inhibitors, increasing the number of studies reviewed from 52 in
a previous rheumatic disease-restricted review (Sartori et al., 2020) to
84 studies by placing no limitation on patient disease. Furthermore,
observational, and post-marketing reports were included to focus the
review on real-world outcomes.

This study found that the number of TB cases/1,000 TNFα-
inhibitor patients was 4-fold higher in Asia, South America, and
Africa (14/1,000) compared with Europe, North America, and
Australasia (3/1,000). The findings expand upon a recent
systematic review, which reported a higher frequency of TB among
patients with rheumatic diseases receiving TNFα inhibitors in Asia
(13/1,000) and South America (12/1,000) compared with Europe (6/
1,000) and North America (4/1,000) (Sartori et al., 2020). The
continental differences in TB frequency in TNFα-inhibitor patients
observed in this systematic review also correlate with differences in TB
burden in the general population (World Health Organization
(WHO), 2021). The present study identified a particularly low TB
burden in North America and Australasia, with no reported TB cases
in TNFα-inhibitor patients in Australasia. Of those who developed TB
in North America, several of the cases could be accounted for by the
presence of additional risk factors, such as a history of TB exposure.
One North American study found that TNFα-inhibitor patients who
developed TB were less likely to be ethnically white or non-Hispanic
and more likely to have co-morbidities such as diabetes or chronic
renal disease (Winthrop et al., 2013). This highlights that in low-
burden continents, TB risk in patients receiving TNFα inhibitors
appears to be influenced by pre-existing risk factors.

A 3-fold higher frequency of TB was observed in patients receiving
TNFα inhibitors in WHO-defined high-burden TB countries (19/
1,000) compared with other regions (6/1,000). This may be explained
by the fact that 86% of new TB cases in 2020 could be accounted for by
the top 30 high-burden countries (World Health Organization
(WHO), 2021), suggesting that TB risk in TNFα-inhibitor patients
correlates with TB burden. The findings suggest that regional
prevalence is a key factor determining risk of TB in TNFα-
inhibitor patients. It is important to note, however, that some
included studies performed in high-burden countries and
continents reported no cases of TB in TNFα-inhibitor patients.
This may be attributable to the use of prophylaxis. Previous studies
have demonstrated that prophylaxis with standard anti-TB
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medication before or during TNFα-inhibitor therapy prevents TB
reactivation (Carmona et al., 2005). However, due to incomplete
reporting of these measures in the included studies, the present
study was unable to assess the impact of prophylaxis on TB outcomes.

This was also the first systematic review to explore the
interregional differences in HBV risk in TNFα-inhibitor patients.
There was no significant difference in the frequency of HBV
infection in TNFα-inhibitor patients in Asia compared with
Europe. Given that continental differences in HBV burden are
reported in the general population, with WHO South-East-Asian
and Western-Pacific regions reporting a higher prevalence of
chronic HBV in the general population compared with Europe
(World Health Organization (WHO), 2017), this was an
unexpected finding, but can possibly be explained by weak
evidence supporting an association of HBV reactivation with TNFα
inhibitors. Studies which have analyzed the association of TNFα
inhibitors with HBV have yielded inconsistent results (Pérez-
Alvarez et al., 2011), with existing systematic reviews reporting an
overall low HBV reactivation rate in TNFα-inhibitor patients (Cantini
et al., 2014; Moghoofei et al., 2018). This is reflective of the ambiguous
role of TNFα in HBV viral clearance. TNFα is thought to play a role in
the apoptosis of HBV-infected cells and in the inhibition of viral
replication (Watashi et al., 2013). However, without contribution from
other crucial mediators such as IFNƴ, IL1-β and cytotoxic CD8+ T
lymphocytes (Yang et al., 2010), it is unlikely that TNFα alone can
achieve these effects. The attributability of HBV reactivation to TNFα
inhibition is therefore not certain.

When comparing the number HBV cases/1,000 TNFα-inhibitor
patients according to general burden of chronic HBV by country, a
>15-fold higher frequency of HBV was observed in TNFα-inhibitor
patients treated in high-burden countries (65/1,000) compared with
low-burden countries (4/1,000). This highlights the importance of
considering regional differences in burden when determining HBV
risk in TNFα-inhibitor patients. According to a 2018 report, general
prevalence of chronic HBV infection varies between regions of Europe
(European Association for the Study of the Liver (EASL), 2018).
Whilst Western Europe has an estimated chronic HBV prevalence
of <1%, estimated prevalence is far higher in Eastern Europe at <5%,
with prevalence as high as 8% in Uzbekistan. Regional differences are
similarly seen across Asia, where chronic HBV prevalence in Japan is
estimated at <2%, compared to >8% in China (Yuen et al., 2018). HBV
risk in TNFα-inhibitor patients thus appears to correlate with chronic
HBV regional, rather than continental, differences in prevalence. This
is also supported by the fact that most reports of HBV in the low-
burden subgroup were cases of reactivation of previous or chronic
HBV infection. Most of these patients were also treated with
concomitant immunosuppressive therapies, including methotrexate
and azathioprine. This observation is in keeping with a previous study,
which reported an association of HBV reactivation with combined
immunosuppressive therapy in IBD patients (Loras et al., 2010). The
use of concomitant immunotherapy is therefore a possible factor
influencing the risk of HBV reactivation in patients treated with
TNFα inhibitors in low-prevalence areas.

There have been no systematic reviews which have investigated
the interregional differences in risk of HCV with TNFα inhibitors.
Due to the low number of study patients (143) identified and a lack
of global distribution of these studies, it was not possible to perform
subgroup analysis to determine regional differences in HCV
infection in TNFα-inhibitor patients. However, all reports of

HCV in the present study were cases of reactivation in patients
with concomitant HCV infection, highlighting that underlying
prevalence may influence HCV risk in TNFα-inhibitor patients.

There are several limitations to this study. Only five small
studies with equal spread across the globe were conducted in
children (1 United States, 2 Europe, 1 Turkey and 1 Taiwan
with 17–73 patients each). Thus, age is also unlikely to be a
significant confounding factor causing the observed regional
differences in this study. Ethnicity, social and health risk
factors, and length of follow-up were often not detailed and
therefore it not possible to determine if they had any
confounding effect on the infection risk. TNFα inhibitors are
routinely added to steroids or immune suppressant drugs no
matter which region of the world patients live. Whether
immune suppressants add to the burden of TB and/or viral
hepatitis over and above any effect of TNFα inhibitors,
particularly in high prevalence countries, cannot be answered by
this systematic review. However, the observation that patients
living in countries with low burden have very low rates of TB
and viral hepatitis is unlikely to be significantly confounded by
immune suppressants, and the key take home messages of this
paper therefore remain unchanged. There were few studies treating
patients with golimumab or certolizumab pegol. There were a low
number of studies in some regions increasing the risk of reporting
bias. For example, only one study in the TB group was conducted in
Australasia and all South American studies were performed in
Brazil. This was particularly limiting in studies investigating cases
of HCV in TNFα-inhibitor patients, and thus we were unable to
determine interregional differences in the HCV group. There is a
need for more studies investigating HCV risk with TNFα-inhibitor
therapies across diverse regional populations.

Clinicians considering treating patients with TNFα inhibitors
should benefit from the improved understanding of the regional
differences in frequency of active TB and HBV in TNFα-inhibitor
patients described in this systematic review, in the screening
decision-making process. According to the UK National
Screening Committee, for a screening program to be effective a
disease being screened for should be relatively common, and
screening should lead to improved health outcomes and be
reasonable in cost (National Screening Committee and U.K.,
2003). Whilst it may be beneficial to universally screen TNFα-
inhibitor patients in high-burden regions where risk of TB or HBV
are 3%–8%, in regions where TB and HBV are uncommon and only
one patient will be picked up out of 2,500 patients treated with
TNFα inhibitors, a universal screening program does not appear to
meet these criteria. In this regard, it is worth remembering that the
original 2001 report of 70 cases of TB (Keane et al., 2001), although
seeming a lot, was only 0.03% of the total patients treated with
TNFα biologics, or 1 TB patient detected for every 3,333 screened.
Given that cases of TB and HBV in regions with a low burden of
these infections in the present study were often accounted for by
the presence of additional risk factors, such co-morbidities and
concomitant treatment, a shift towards an individualized, risk-
factor based screening approach should be considered as an
alternative to universal screening in these areas.

In summary, TB and HBV risk in TNFα-inhibitor patients
correlates with infection burden in the general population,
highlighting regional TB and HBV burden as a risk factor for these
infections in patients receiving TNFα inhibitors. An improved

Frontiers in Pharmacology frontiersin.org08

Jahnich and Arkwright 10.3389/fphar.2023.1046306

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2023.1046306


understanding of regional differences in infection risk should help to
streamline screening of TNFα-inhibitor patients in low-burden areas.
Studies providing details of co-morbidities, vaccination status,
ethnicity, social and health risk factors, and foreign travel, are
required to home in further on cofounding factors which influence
infection risk with TNFα inhibitors.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary Material, further inquiries can be directed
to the corresponding author.

Author contributions

PA conceived the project. NJ performed screening, data
extraction, risk of bias evaluation and analysis. The manuscript
was written by NJ and then reviewed by PA. Both authors agreed
the final version.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fphar.2023.1046306/
full#supplementary-material

References

Acar, M., Sütçü, M., Aktürk, H., Hançerli-Torun, S., Erol, O. B., Salman, N., et al. (2017).
Tuberculosis screening in pediatric patients receiving TNF-alpha inhibitor therapy. Turk
J. Pediatr. 59 (5), 503–510. doi:10.24953/turkjped.2017.05.001

Agarwal, A., Kedia, S., Jain, S., Gupta, V., Bopanna, S., Yadav, D. P., et al. (2018). High
risk of tuberculosis during infliximab therapy despite tuberculosis screening in
inflammatory bowel disease patients in India. Intest. Res. 16 (4), 588–598. doi:10.5217/
ir.2018.00023

Aggarwal, R., Manadan, A. M., Poliyedath, A., Sequeira, W., and Block, J. A. (2009).
Safety of etanercept in patients at high risk for mycobacterial tuberculosis infections.
J. Rheumatol. 36 (5), 914–917. doi:10.3899/jrheum.081041

Ai, J-W., Zhang, S., Ruan, Q-L., Yu, Y-Q., Zhang, B-Y., Liu, Q-H., et al. (2015). The risk
of tuberculosis in patients with rheumatoid arthritis treated with tumor necrosis factor-α
antagonist: A metaanalysis of both randomized controlled trials and registry/cohort
studies. J. rheumatology 42 (12), 2229–2237. doi:10.3899/jrheum.150057

Al-Sohaim, A., Bawazir, A. S., Al-Turki, T., Alsafi, E. O., Al-Roqy, A., Layqah, L., et al.
(2021). The risk of tuberculosis infection in 410 Saudi patients receiving adalimumab
therapy. Ann. Saudi Med. 41 (5), 285–292. doi:10.5144/0256-4947.2021.285

Alawneh, K. M., Ayesh, M. H., Khassawneh, B. Y., Saadeh, S. S., Smadi, M., and
Bashaireh, K. (2014). Anti-TNF therapy in Jordan: A focus on severe infections and
tuberculosis. Biol. Targets Ther. 8, 193–198. doi:10.2147/BTT.S59574

Arguder, E., Yanik Ustuner, G., Ekici, R., Kilic, H., Erten, S., and Karalezli, A. (2020).
Tuberculosis risk in patients with rheumatologic disease treated with biologic drugs.
Tuberk. Toraks 68 (3), 236–244. doi:10.5578/tt.69967

Atteno, M., Costa, L., Matarese, A., Caso, F., Del Puente, A., Cantarini, L., et al. (2014).
The use of TNF-alpha blockers in psoriatic arthritis patients with latent tuberculosis
infection. Clin. Rheumatol. 33 (4), 543–547. doi:10.1007/s10067-014-2536-z

Borekci, S., Atahan, E., Demir Yilmaz, D., Mazıcan, N., Duman, B., Ozguler, Y., et al.
(2015). Factors affecting the tuberculosis risk in patients receiving anti-tumor necrosis
factor-α treatment. Respiration 90 (3), 191–198. doi:10.1159/000434684

Bracaglia, C., Buonuomo, P. S., Tozzi, A. E., Pardeo, M., Nicolai, R., Campana, A., et al.
(2012). Safety and efficacy of etanercept in a cohort of patients with juvenile idiopathic
arthritis under 4 years of age. J. Rheumatol. 39 (6), 1287–1290. doi:10.3899/jrheum.111555

Byun, J. M., Lee, C. K., Rhee, S. Y., Kim, H. J., Im, J. P., Park, D. I., et al. (2015). Risks for
opportunistic tuberculosis infection in a cohort of 873 patients with inflammatory bowel
disease receiving a tumor necrosis factor-α inhibitor. Scand. J. Gastroenterol. 50 (3),
312–320. doi:10.3109/00365521.2014.1000960

Cagatay, T., Aydin, M., Sunmez, S., Cagatay, P., Gulbaran, Z., Gul, A., et al. (2010).
Follow-up results of 702 patients receiving tumor necrosis factor-α antagonists and
evaluation of risk of tuberculosis. Rheumatol. Int. 30 (11), 1459–1463. doi:10.1007/
s00296-009-1170-6

Cantini, F., Boccia, S., Goletti, D., Iannone, F., Leoncini, E., Panic, N., et al. (2014). HBV
reactivation in patients treated with antitumor necrosis factor-alpha (TNF-α) agents for
rheumatic and dermatologic conditions: A systematic review and meta-analysis. Int.
J. Rheumatol. 2014, 926836. doi:10.1155/2014/926836

Caporali, R., Bobbio-Pallavicini, F., Atzeni, F., Sakellariou, G., Caprioli, M., Montecucco,
C., et al. (2010). Safety of tumor necrosis factor α blockers in Hepatitis B virus occult
carriers (Hepatitis B surface antigen negative/anti–Hepatitis B core antigen positive) with
rheumatic diseases. Arthritis Care Res. 62 (6), 749–754. doi:10.1002/acr.20130

Carmona, L., Gómez-Reino, J. J., Rodríguez-Valverde, V., Montero, D., Pascual-Gómez,
E., Mola, E. M., et al. (2005). Effectiveness of recommendations to prevent reactivation of
latent tuberculosis infection in patients treated with tumor necrosis factor antagonists.
Arthritis Rheum. 52 (6), 1766–1772. doi:10.1002/art.21043

Chan, M. J., Wen, Y. H., Huang, Y. B., Chuang, H. Y., Tain, Y. L., Lily Wang, Y. C., et al.
(2018). Risk of tuberculosis comparison in new users of antitumour necrosis factor-alpha
and with existing disease-modifying antirheumatic drug therapy. J. Clin. Pharm. Ther. 43
(2), 256–264. doi:10.1111/jcpt.12644

Charpin, C., Guis, S., Colson, P., Borentain, P., Mattéi, J-P., Alcaraz, P., et al. (2009).
Safety of TNF-blocking agents in rheumatic patients with serology suggesting past
Hepatitis B state: Results from a cohort of 21 patients. Arthritis Res. Ther. 11 (6),
1799–R185. doi:10.1186/ar2868

Chiu, H. Y., Hsueh, P. R., and Tsai, T. F. (2011). Clinical experience of QuantiFERON(®)
-TB Gold testing in patients with psoriasis treated with tumour necrosis factor blockers in
Taiwan. Br. J. Dermatol 164 (3), 553–559. doi:10.1111/j.1365-2133.2010.10137.x

Chiu, Y. M., Lang, H. C., Lin, H. Y., Yang, M. T., Fang, C. H., Yang, Y. W., et al. (2014).
Risk of tuberculosis, serious infection and lymphoma with disease-modifying biologic
drugs in rheumatoid arthritis patients in Taiwan. Int. J. Rheum. Dis. 17 (3), 9–19. doi:10.
1111/1756-185X.12539

Chiu, Y. M., Tang, C. H., Hung, S. T., Yang, Y. W., Fang, C. H., and Lin, H. Y. (2017). A
real-world risk analysis of biological treatment (adalimumab and etanercept) in a country
with a high prevalence of tuberculosis and chronic liver disease: A nationwide population-
based study. Scand. J. Rheumatology 46 (3), 236–240. doi:10.1080/03009742.2016.1202318

Cho, Y. T., Chen, C. H., Chiu, H. Y., and Tsai, T. F. (2012). Use of anti-tumor necrosis
factor-α therapy in Hepatitis B virus carriers with psoriasis or psoriatic arthritis: A case
series in taiwan. Taiwan. J. Dermatology 39 (3), 269–273. doi:10.1111/j.1346-8138.2011.
01434.x

Chung, S-J., Kim, J. K., Park, M-C., Park, Y-B., and Lee, S-K. (2009). Reactivation of
Hepatitis B viral infection in inactive HBsAg carriers following anti-tumor necrosis factor-
α therapy. J. rheumatology 36 (11), 2416–2420. doi:10.3899/jrheum.081324

Ciang, N. C. O., Chan, S. C.W., Lau, C. S., Chiu, E. T. F., and Chung, H. Y. (2020). Risk of
tuberculosis in patients with spondyloarthritis: Data from a centralized electronic database
in Hong Kong. BMC Musculoskelet. Disord. 21 (1), 832. (no pagination). doi:10.1186/
s12891-020-03855-5

Colombel, J. F., Sandborn, W. J., Rutgeerts, P., Enns, R., Hanauer, S. B., Panaccione, R.,
et al. (2007). Adalimumab for maintenance of clinical response and remission in patients
with Crohn’s disease: The CHARM trial. Gastroenterology 132 (1), 52–65. doi:10.1053/j.
gastro.2006.11.041

Costa, L., Caso, F., Atteno, M., Giannitti, C., Spadaro, A., Ramonda, R., et al. (2014).
Long-term safety of anti-TNF-alpha in PsA patients with concomitant HCV infection: A

Frontiers in Pharmacology frontiersin.org09

Jahnich and Arkwright 10.3389/fphar.2023.1046306

https://www.frontiersin.org/articles/10.3389/fphar.2023.1046306/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2023.1046306/full#supplementary-material
https://doi.org/10.24953/turkjped.2017.05.001
https://doi.org/10.5217/ir.2018.00023
https://doi.org/10.5217/ir.2018.00023
https://doi.org/10.3899/jrheum.081041
https://doi.org/10.3899/jrheum.150057
https://doi.org/10.5144/0256-4947.2021.285
https://doi.org/10.2147/BTT.S59574
https://doi.org/10.5578/tt.69967
https://doi.org/10.1007/s10067-014-2536-z
https://doi.org/10.1159/000434684
https://doi.org/10.3899/jrheum.111555
https://doi.org/10.3109/00365521.2014.1000960
https://doi.org/10.1007/s00296-009-1170-6
https://doi.org/10.1007/s00296-009-1170-6
https://doi.org/10.1155/2014/926836
https://doi.org/10.1002/acr.20130
https://doi.org/10.1002/art.21043
https://doi.org/10.1111/jcpt.12644
https://doi.org/10.1186/ar2868
https://doi.org/10.1111/j.1365-2133.2010.10137.x
https://doi.org/10.1111/1756-185X.12539
https://doi.org/10.1111/1756-185X.12539
https://doi.org/10.1080/03009742.2016.1202318
https://doi.org/10.1111/j.1346-8138.2011.01434.x
https://doi.org/10.1111/j.1346-8138.2011.01434.x
https://doi.org/10.3899/jrheum.081324
https://doi.org/10.1186/s12891-020-03855-5
https://doi.org/10.1186/s12891-020-03855-5
https://doi.org/10.1053/j.gastro.2006.11.041
https://doi.org/10.1053/j.gastro.2006.11.041
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2023.1046306


retrospective observational multicenter study on 15 patients. Clin. Rheumatol. 33 (2),
273–276. doi:10.1007/s10067-013-2378-0

Delabaye, I., and De Keyser, F. (2010). 74-week follow-up of safety of infliximab in
patients with refractory rheumatoid arthritis. Arthritis Res. Ther. 12 (3), R121. doi:10.1186/
ar3058

Dixon, W. G., Hyrich, K. L., Watson, K. D., Lunt, M., Galloway, J., Ustianowski, A., et al.
(2010). Drug-specific risk of tuberculosis in patients with rheumatoid arthritis treated with
anti-TNF therapy: Results from the British Society for Rheumatology Biologics Register
(BSRBR). Ann. Rheum. Dis. 69 (3), 522–528. doi:10.1136/ard.2009.118935

du Toit, T., Esterhuizen, T. M., Tiffin, N., Abulfathi, A. A., Reuter, H., and Decloedt, E.
H. (2020). Incident tuberculosis disease in patients receiving biologic therapies in the
Western Cape, South Africa from 2007 to 2018. BMC Infect. Dis. 20 (1), 900. doi:10.1186/
s12879-020-05624-0

Elbek, O., Uyar, M., AydIn, N., Borekci, S., Bayram, N., Bayram, H., et al. (2009).
Increased risk of tuberculosis in patients treated with antitumor necrosis factor alpha. Clin.
Rheumatol. 28 (4), 421–426. doi:10.1007/s10067-008-1067-x

Ergun, T., Seckin, D., Baskan Bulbul, E., Onsun, N., Ozgen, Z., Unalan, P., et al. (2015).
The risk of tuberculosis in patients with psoriasis treated with anti-tumor necrosis factor
agents. Int. J. Dermatology 54 (5), 594–599. doi:10.1111/ijd.12628

Ettehadi, P., Greaves, M., Wallach, D., Aderka, D., and Camp, R. (1994). Elevated
tumour necrosis factor-alpha (TNF-alpha) biological activity in psoriatic skin lesions. Clin.
Exp. Immunol. 96 (1), 146–151. doi:10.1111/j.1365-2249.1994.tb06244.x

European Association for the Study of the Liver (EASL) (2018). EASL-HEPAHEALTH
project report: Risk factors and the burden of liver disease in Europe and selected central
asian countries.

Favalli, E. G., Desiati, F., Atzeni, F., Sarzi-Puttini, P., Caporali, R., Pallavicini, F. B., et al.
(2009). Serious infections during anti-TNFalpha treatment in rheumatoid arthritis
patients. Autoimmun. Rev. 8 (3), 266–273. doi:10.1016/j.autrev.2008.11.002

Fidan, S., Capkin, E., Arica, D. A., Durak, S., and Okatan, I. E. (2021). Risk of Hepatitis B
reactivation in patients receiving anti-tumor necrosis factor-alpha therapy. Int. J. Rheum.
Dis. 24 (2), 254–259. doi:10.1111/1756-185X.14034

Fischkoff. S (Editor) (2001). “Preliminary analysis of phase I and II safety data from the
adalimumab (D2E7) clinical trials program,”in Advances in targeted therapies meeting
(Nassau, Bahamas).

Fortes, F. M. L., Sorte, N. B., Mariano, V. D., Andrade, L. D., Oliveira, F. A., Santos, M. C.
A., et al. (2020). Active tuberculosis in inflammatory bowel disease patients under
treatment from an endemic area in Latin America. World J. Gastroenterol. 26 (44),
6993–7004. doi:10.3748/wjg.v26.i44.6993

Garcia-Vidal, C., Rodríguez-Fernández, S., Teijón, S., Esteve, M., Rodríguez-Carballeira,
M., Lacasa, J. M., et al. (2009). Risk factors for opportunistic infections in infliximab-
treated patients: The importance of screening in prevention. Eur. J. Clin. Microbiol. Infect.
Dis. 28 (4), 331–337. doi:10.1007/s10096-008-0628-x

Garziera, G., Morsch, A. L. B., Otesbelgue, F., Staub, F. L., Palominos, P. E., Brenol, C. V.,
et al. (2017). Latent tuberculosis infection and tuberculosis in patients with rheumatic
diseases treated with anti-tumor necrosis factor agents. Clin. Rheumatol. 36 (8),
1891–1896. doi:10.1007/s10067-017-3714-6

Giardina, A. R., Ferraro, D., Ciccia, F., Ferrante, A., Di Stefano, R., Craxì, A., et al. (2013).
No detection of occult HBV-dna in patients with various rheumatic diseases treated with
anti-TNF agents: A two-year prospective study. Clin. Exp. Rheumatol. 31 (1), 25–30.

Gomes, C. M., Terreri, M. T., Moraes-Pinto, M. I., Barbosa, C., Machado, N. P., Melo, M.
R., et al. (2015). Incidence of active mycobacterial infections in Brazilian patients with
chronic inflammatory arthritis and negative evaluation for latent tuberculosis infection at
baseline-a longitudinal analysis after using TNFa blockers. Mem. Inst. Oswaldo Cruz 110
(7), 921–928. doi:10.1590/0074-02760150235

He, D., Bai, F., Zhang, S., Jiang, T., Shen, J., Zhu, Q., et al. (2013). High incidence of
tuberculosis infection in rheumatic diseases and impact for chemoprophylactic prevention
of tuberculosis activation during biologics therapy. Clin. Vaccine Immunol. 20 (6),
842–847. doi:10.1128/CVI.00049-13

Hong, S. N., Kim, H. J., Kim, K. H., Han, S. J., Ahn, I. M., and Ahn, H. S. (2017). Risk of
incident Mycobacterium tuberculosis infection in patients with inflammatory bowel
disease: A nationwide population-based study in South Korea. Alimentary Pharmacol.
Ther. 45 (2), 253–263. doi:10.1111/apt.13851

Hsin, Y. C., Zhuang, L. Z., Yeh, K. W., Chang, C. W., Horng, J. T., and Huang, J. L.
(2015). Risk of tuberculosis in children with juvenile idiopathic arthritis: A nationwide
population-based study in taiwan. PLoS ONE Electron. Resour. 10 (6), e0128768. doi:10.
1371/journal.pone.0128768

Jo, K. W., Hong, Y., Jung, Y. J., Yoo, B., Lee, C. K., Kim, Y. G., et al. (2013). Incidence of
tuberculosis among anti-tumor necrosis factor users in patients with a previous history of
tuberculosis. Respir. Med. 107 (11), 1797–1802. doi:10.1016/j.rmed.2013.08.011

Jung, S. M., Ju, J. H., Park, M. S., Kwok, S. K., Park, K. S., Kim, H. Y., et al. (2015). Risk of
tuberculosis in patients treated with anti-tumor necrosis factor therapy: A nationwide
study in South Korea, a country with an intermediate tuberculosis burden. Int. J. Rheum.
Dis. 18 (3), 323–330. doi:10.1111/1756-185X.12530

Jung, Y. J., Woo, H. I., Jeon, K., Koh, W. J., Jang, D. K., Cha, H. S., et al. (2015). The
significance of sensitive interferon gamma release assays for diagnosis of latent
tuberculosis infection in patients receiving tumor necrosis factor-α antagonist therapy.
PLoS One 10 (10), e0141033. (no pagination). doi:10.1371/journal.pone.0141033

Kaptan, Y., Suner, A., Tas, M. N., Oksel, F., Aksu, K., and Sayiner, A. (2021).
Tuberculosis despite latent infection screening and treatment in patients receiving
TNF inhibitor therapy. Clin. Rheumatol. 40 (9), 3783–3788. doi:10.1007/s10067-021-
05697-5

Ke, W. M., Chen, L. S., Parng, I. M., Chen, W. W., and On, A. W. F. (2013). Risk of
tuberculosis in rheumatoid arthritis patients on tumour necrosis factor-alpha inhibitor
treatment in Taiwan. Int. J. Tuberc. Lung Dis. 17 (12), 1590–1595. doi:10.5588/ijtld.13.
0368

Keane, J., Gershon, S., Wise, R. P., Mirabile-Levens, E., Kasznica, J., Schwieterman, W.
D., et al. (2001). Tuberculosis associated with infliximab, a tumor necrosis factor alpha-
neutralizing agent. N. Engl. J. Med. 345 (15), 1098–1104. doi:10.1056/NEJMoa011110

Kim, E. M., Uhm, W. S., Bae, S. C., Yoo, D. H., and Kim, T. H. (2011). Incidence of
tuberculosis among Korean patients with ankylosing spondylitis who are taking tumor
necrosis factor blockers. J. Rheumatol. 38 (10), 2218–2223. doi:10.3899/jrheum.110373

Kim, E. S., Song, G. A., Cho, K. B., Park, K. S., Kim, K. O., Jang, B. I., et al. (2015).
Significant risk and associated factors of active tuberculosis infection in Korean patients
with inflammatory bowel disease using anti-TNF agents. World J. Gastroenterol. 21 (11),
3308–3316. doi:10.3748/wjg.v21.i11.3308

Kim, H. W., Park, J. K., Yang, J. A., Yoon, Y. I., Lee, E. Y., Song, Y. W., et al. (2014).
Comparison of tuberculosis incidence in ankylosing spondylitis and rheumatoid arthritis
during tumor necrosis factor inhibitor treatment in an intermediate burden area. Clin.
Rheumatol. 33 (9), 1307–1312. doi:10.1007/s10067-013-2387-z

Kisacik, B., Pamuk, O. N., Onat, A. M., Erer, S. B., Hatemi, G., Ozguler, Y., et al. (2016).
Characteristics predicting tuberculosis risk under tumor necrosis factor-α inhibitors:
Report from a large multicenter cohort with high background prevalence.
J. Rheumatol. 43 (3), 524–529. doi:10.3899/jrheum.150177

Klein, M., Jarosova, K., Forejtova, S., Becvar, R., Sedova, L., Pavelka, K., et al. (2013).
Quantiferon TB gold and tuberculin skin tests for the detection of latent tuberculosis
infection in patients treated with tumour necrosis factor alpha blocking agents. Clin.
Exp. Rheumatol. 31 (1), 111–117.

Kwon, M., Sung, M., Kwon, Y. J., Song, Y. G., Lee, S. W., Park, M. C., et al. (2014). Active
tuberculosis risk with tumor necrosis factor inhibitors after treating latent tuberculosis.
J. Clin. Rheumatol. 20 (2), 68–73. doi:10.1097/RHU.0000000000000074

Lan, J. L., Chen, Y. M., Hsieh, T. Y., Chen, Y. H., Hsieh, C. W., Chen, D. Y., et al. (2011).
Kinetics of viral loads and risk of Hepatitis B virus reactivation in Hepatitis B core
antibody-positive rheumatoid arthritis patients undergoing anti-tumour necrosis factor
alpha therapy. Ann. Rheum. Dis. 70 (10), 1719–1725. doi:10.1136/ard.2010.148783

Lawrance, I. C., Radford-Smith, G. L., Bampton, P. A., Andrews, J. M., Tan, P. K., Croft,
A., et al. (2010). Serious infections in patients with inflammatory bowel disease receiving
anti-tumor-necrosis-factor-alpha therapy: An Australian and New Zealand experience.
J. Gastroenterology Hepatology Aust. 25 (11), 1732–1738. doi:10.1111/j.1440-1746.2010.
06407.x

Lee, C. K., Wong, S. H. V., Lui, G., Tang, W., Tam, L. S., Ip, M., et al. (2018). A
prospective study to monitor for tuberculosis during anti-tumour necrosis factor therapy
in patients with inflammatory bowel disease and immune-mediated inflammatory
diseases. J. Crohn’s Colitis 12 (8), 954–962. doi:10.1093/ecco-jcc/jjy057

Lee, J. M., Wei, S. C., Lee, K. M., Ye, B. D., Mao, R., Kim, H. S., et al. (2022). Clinical
course of hepatitis B viral infection in patients undergoing anti-tumor necrosis factor alpha
therapy for inflammatory bowel disease. Gut Liver 16 (3), 396–403. doi:10.5009/gnl210081

Lee, J. Y., Oh, K., Hong, H. S., Kim, K., Hong, S. W., Park, J. H., et al. (2021). Risk and
characteristics of tuberculosis after anti-tumor necrosis factor therapy for inflammatory
bowel disease: A hospital-based cohort study from Korea. BMC Gastroenterol. 21 (1), 390.
(no pagination). doi:10.1186/s12876-021-01973-5

Lee, S. K., Kim, S. Y., Kim, E. Y., Jung, J. Y., Park, M. S., Kim, Y. S., et al. (2013).
Mycobacterial infections in patients treated with tumor necrosis factor antagonists in
South Korea. Lung 191 (5), 565–571. doi:10.1007/s00408-013-9481-5

Liao, T. L., Lin, C. H., Chen, Y. M., Chang, C. L., Chen, H. H., and Chen, D. Y. (2016).
Different risk of tuberculosis and efficacy of isoniazid prophylaxis in rheumatoid arthritis
patients with biologic therapy: A nationwide retrospective cohort study in taiwan. PLoS
One 11 (4), e0153217. (no pagination). doi:10.1371/journal.pone.0153217

Lim, C. H., Chen, H. H., Chen, Y. H., Chen, D. Y., Huang, W. N., Tsai, J. J., et al. (2017).
The risk of tuberculosis disease in rheumatoid arthritis patients on biologics and targeted
therapy: A 15-year real world experience in taiwan. PLoS One 12 (6), e0178035. (no
pagination). doi:10.1371/journal.pone.0178035

Lim, C. H., Lin, C. H., Chen, D. Y., Chen, Y. M., Chao, W. C., Liao, T. L., et al. (2016).
One-year tuberculosis risk in rheumatoid arthritis patients starting their first tumor
necrosis factor inhibitor therapy from 2008 to 2012 in taiwan: A nationwide population-
based cohort study. PLoS One 11 (11), e0166339. (no pagination). doi:10.1371/journal.
pone.0166339

Lin, K. M., Cheng, T. T., Lin, J. C., and Chen, C. J. (2015). Tumor necrosis factor-α
antagonist therapy for concomitant rheumatoid arthritis and hepatitis C virus infection: A
case series study. Clin. Rheumatol. 34 (6), 1039–1046. doi:10.1007/s10067-015-2962-6

Loras, C., Gisbert, J. P., Mínguez, M., Merino, O., Bujanda, L., Saro, C., et al. (2010). Liver
dysfunction related to Hepatitis B and C in patients with inflammatory bowel disease
treated with immunosuppressive therapy. Gut 59 (10), 1340–1346. doi:10.1136/gut.2010.
208413

Manns, M. P., Buti, M., Gane, E., Pawlotsky, J. M., Razavi, H., Terrault, N., et al. (2017).
Hepatitis C virus infection. Nat. Rev. Dis. Prim. 3, 17006. doi:10.1038/nrdp.2017.6

Frontiers in Pharmacology frontiersin.org10

Jahnich and Arkwright 10.3389/fphar.2023.1046306

https://doi.org/10.1007/s10067-013-2378-0
https://doi.org/10.1186/ar3058
https://doi.org/10.1186/ar3058
https://doi.org/10.1136/ard.2009.118935
https://doi.org/10.1186/s12879-020-05624-0
https://doi.org/10.1186/s12879-020-05624-0
https://doi.org/10.1007/s10067-008-1067-x
https://doi.org/10.1111/ijd.12628
https://doi.org/10.1111/j.1365-2249.1994.tb06244.x
https://doi.org/10.1016/j.autrev.2008.11.002
https://doi.org/10.1111/1756-185X.14034
https://doi.org/10.3748/wjg.v26.i44.6993
https://doi.org/10.1007/s10096-008-0628-x
https://doi.org/10.1007/s10067-017-3714-6
https://doi.org/10.1590/0074-02760150235
https://doi.org/10.1128/CVI.00049-13
https://doi.org/10.1111/apt.13851
https://doi.org/10.1371/journal.pone.0128768
https://doi.org/10.1371/journal.pone.0128768
https://doi.org/10.1016/j.rmed.2013.08.011
https://doi.org/10.1111/1756-185X.12530
https://doi.org/10.1371/journal.pone.0141033
https://doi.org/10.1007/s10067-021-05697-5
https://doi.org/10.1007/s10067-021-05697-5
https://doi.org/10.5588/ijtld.13.0368
https://doi.org/10.5588/ijtld.13.0368
https://doi.org/10.1056/NEJMoa011110
https://doi.org/10.3899/jrheum.110373
https://doi.org/10.3748/wjg.v21.i11.3308
https://doi.org/10.1007/s10067-013-2387-z
https://doi.org/10.3899/jrheum.150177
https://doi.org/10.1097/RHU.0000000000000074
https://doi.org/10.1136/ard.2010.148783
https://doi.org/10.1111/j.1440-1746.2010.06407.x
https://doi.org/10.1111/j.1440-1746.2010.06407.x
https://doi.org/10.1093/ecco-jcc/jjy057
https://doi.org/10.5009/gnl210081
https://doi.org/10.1186/s12876-021-01973-5
https://doi.org/10.1007/s00408-013-9481-5
https://doi.org/10.1371/journal.pone.0153217
https://doi.org/10.1371/journal.pone.0178035
https://doi.org/10.1371/journal.pone.0166339
https://doi.org/10.1371/journal.pone.0166339
https://doi.org/10.1007/s10067-015-2962-6
https://doi.org/10.1136/gut.2010.208413
https://doi.org/10.1136/gut.2010.208413
https://doi.org/10.1038/nrdp.2017.6
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2023.1046306


Michel, M., Duvoux, C., Hezode, C., and Cherqui, D. (2003). Fulminant hepatitis after
infliximab in a patient with Hepatitis B virus treated for an adult onset still’s disease.
J. Rheumatol. 30 (7), 1624–1625.

Moghoofei, M., Mostafaei, S., Ashraf-Ganjouei, A., Kavosi, H., and Mahmoudi, M.
(2018). HBV reactivation in rheumatic diseases patients under therapy: A meta-analysis.
Microb. Pathog. 114, 436–443. doi:10.1016/j.micpath.2017.12.014

Mohan, A. K., Timothy, R. C., Block, J. A., Manadan, A. M., Siegel, J. N., and Braun, M.
M. (2004). Tuberculosis following the use of etanercept, a tumor necrosis factor inhibitor.
Clin. Infect. Dis. 39 (3), 295–299. doi:10.1086/421494

Mori, S. (2011). Past Hepatitis B virus infection in rheumatoid arthritis patients
receiving biological and/or nonbiological disease-modifying antirheumatic drugs. Mod.
Rheumatol. 21 (6), 621–627. doi:10.1007/s10165-011-0458-z

Morisco, F., Castiglione, F., Rispo, A., Stroffolini, T., Sansone, S., Vitale, R., et al. (2013).
Effect of immunosuppressive therapy on patients with inflammatory bowel diseases and
Hepatitis B or C virus infection. J. Viral Hepat. 20 (3), 200–208. doi:10.1111/j.1365-2893.
2012.01643.x

Nakamura, J., Nagashima, T., Nagatani, K., Yoshio, T., Iwamoto, M., and Minota, S.
(2016). Reactivation of Hepatitis B virus in rheumatoid arthritis patients treated with
biological disease-modifying antirheumatic drugs. Int. J. Rheum. Dis. 19 (5), 470–475.
doi:10.1111/1756-185X.12359

Namba, K., Kaburaki, T., Tsuruga, H., Ogawa, Y., Iwashita, E., and Goto, H. (2022).
Long-Term safety and effectiveness of adalimumab in Japanese patients with
noninfectious intermediate, posterior, or panuveitis: Post-marketing surveillance of
251 patients. Ophthalmol. Ther. 11, 1147–1161. doi:10.1007/s40123-022-00493-z

National Screening Committee, U.K. (2003). Criteria for appraising the viability,
effectiveness and appropriateness of a screening programme.

Navarro, R., Concha-Garzon, M. J., Castano, C., Casal, C., Guiu, A., and Dauden, E.
(2014). Outcome of patients with serology suggestive of past Hepatitis B virus infection
during antitumor necrosis factor therapy for psoriasis. Int. J. Dermatology 53 (7), 909–911.
doi:10.1111/ijd.12313

Navarro, R., Vilarrasa, E., Herranz, P., Puig, L., Bordas, X., Carrascosa, J. M., et al. (2013).
Safety and effectiveness of ustekinumab and antitumour necrosis factor therapy in patients
with psoriasis and chronic viral Hepatitis B or C: A retrospective, multicentre study in a
clinical setting. Br. J. Dermatol 168 (3), 609–616. doi:10.1111/bjd.12045

Nisar, M. K., Rafiq, A., and Ostor, A. J. K. (2015). Biologic therapy for inflammatory
arthritis and latent tuberculosis: Real world experience from a high prevalence area in the
United Kingdom. Clin. Rheumatol. 34 (12), 2141–2145. doi:10.1007/s10067-015-3099-3

Nobre, C. A., Callado, M. R. M., Lima, J. R. C., Gomes, K. W. P., Martiniano, G. V. M.,
and Vieira, W. P. (2012). Tuberculosis infection in rheumatic patients with infliximab
therapy: Experience with 157 patients. Rheumatol. Int. 32 (9), 2769–2775. doi:10.1007/
s00296-011-2017-5

O’Donnell, S., Murphy, S., Anwar, M. M., O’Sullivan, M., Breslin, N., O’Connor, H. J.,
et al. (2011). Safety of infliximab in 10 years of clinical practice. Eur. J. Gastroenterology
Hepatology 23 (7), 603–606. doi:10.1097/MEG.0b013e3283479125

Ogata, H., Watanabe, M., Matsui, T., Hase, H., Okayasu, M., Tsuchiya, T., et al. (2016).
Safety of adalimumab and predictors of adverse events in 1693 Japanese patients with
crohn’s disease. J. Crohns Colitis 10 (9), 1033–1041. doi:10.1093/ecco-jcc/jjw060

Ohno, S., Umebayashi, I., Matsukawa, M., Goto, T., and Yano, T. (2019). Safety and
efficacy of infliximab in the treatment of refractory uveoretinitis in behçet’s disease: A
large-scale, long-term postmarketing surveillance in Japan. Arthritis Res. Ther. 21 (1), 2.
doi:10.1186/s13075-018-1793-7

Olsen, T., Goll, R., Cui, G., Husebekk, A., Vonen, B., Birketvedt, G. S., et al. (2007).
Tissue levels of tumor necrosis factor-alpha correlates with grade of inflammation in
untreated ulcerative colitis. Scand. J. Gastroenterol. 42 (11), 1312–1320. doi:10.1080/
00365520701409035

Page, M. J., Moher, D., Bossuyt, P. M., Boutron, I., Hoffmann, T. C., Mulrow, C. D., et al.
(2021). PRISMA 2020 explanation and elaboration: Updated guidance and exemplars for
reporting systematic reviews. BMJ 372, n160. doi:10.1136/bmj.n160

Pai, M., Behr, M. A., Dowdy, D., Dheda, K., Divangahi, M., Boehme, C. C., et al. (2016).
Tuberculosis. Nat. Rev. Dis. Prim. 2, 16076. doi:10.1038/nrdp.2016.76

Pérez-Alvarez, R., Díaz-Lagares, C., García-Hernández, F., Lopez-Roses, L., Brito-Zerón,
P., Pérez-de-Lis, M., et al. (2011). Hepatitis B virus (HBV) reactivation in patients receiving
tumor necrosis factor (TNF)-targeted therapy: Analysis of 257 cases. Medicine 90 (6),
359–371. doi:10.1097/MD.0b013e3182380a76

Pettipher, C., Rudolph, R., Musenge, E., and Tikly, M. (2016). A prospective study of
anti-tumor necrosis factor therapy in South African rheumatoid arthritis patients. Int.
J. Rheum. Dis. 19 (6), 594–599. doi:10.1111/1756-185X.12299

Prignano, F., Ricceri, F., Pescitelli, L., Zanieri, F., and Lotti, T. (2011). Tumour necrosis
factor-α antagonists in patients with concurrent psoriasis and Hepatitis B or hepatitis C: A
retrospective analysis of 17 patients. Br. J. Dermatol 164 (3), 645–647. doi:10.1111/j.1365-
2133.2010.10140.x

Rahman, P., Baer, P., Keystone, E., Choquette, D., Thorne, C., Haraoui, B., et al. (2020).
Long-term effectiveness and safety of infliximab, golimumab and golimumab-IV in
rheumatoid arthritis patients from a Canadian prospective observational registry. BMC
Rheumatol. 4 (1), 46. (no pagination). doi:10.1186/s41927-020-00145-4

Rahman, P., Choquette, D., Bensen, W. G., Khraishi, M., Chow, A., Zummer, M., et al.
(2016). Biologic treatment registry across Canada (BioTRAC): A multicentre, prospective,

observational study of patients treated with infliximab for ankylosing spondylitis.
BMJ Open 6 (4), e009661. (no pagination). doi:10.1136/bmjopen-2015-009661

Rahman, P., Starr, M., Haaland, D., Bessette, L., Teo, M., Rampakakis, E., et al. (2020).
Long-term effectiveness and safety of infliximab and golimumab in ankylosing spondylitis
patients from a Canadian prospective observational registry. BMC Rheumatol. 4 (1), 56.
(no pagination. doi:10.1186/s41927-020-00158-z

Rotar, Z., Svetina, P., Tomsic, M., Hocevar, A., and Prapotnik, S. (2020). Tuberculosis
among patients treated with TNF inhibitors for rheumatoid arthritis, ankylosing
spondylitis and psoriatic arthritis in Slovenia: A cohort study. BMJ Open 10 (2),
e034356. doi:10.1136/bmjopen-2019-034356

Rutherford, A. I., Patarata, E., Subesinghe, S., Hyrich, K. L., and Galloway, J. B. (2018).
Opportunistic infections in rheumatoid arthritis patients exposed to biologic therapy:
Results from the British society for rheumatology biologics register for rheumatoid
arthritis. Rheumatology 57 (6), 997–1001. doi:10.1093/rheumatology/key023

Ryu, H. H., Lee, E. Y., Shin, K., Choi, I. A., Lee, Y. J., Yoo, B., et al. (2012). Hepatitis B
virus reactivation in rheumatoid arthritis and ankylosing spondylitis patients treated with
anti-tnfα agents: A retrospective analysis of 49 cases. Clin. Rheumatol. 31 (6), 931–936.
doi:10.1007/s10067-012-1960-1

Salvana, E. M. T., and Salata, R. A. (2009). Infectious complications associated with
monoclonal antibodies and related small molecules. Clin. Microbiol. Rev. 22 (2), 274–290.
doi:10.1128/CMR.00040-08

Samra, S. R., Habeeb, M., Halim, A. A., and Shebl, E. (2015). Tuberculosis
chemoprophylaxis in rheumatoid arthritic patients receiving tumor necrosis factor
inhibitors or conventional therapy. Egypt. J. Chest Dis. Tuberc. 64 (1), 109–113. doi:10.
1016/j.ejcdt.2014.11.027

Sanchez-Moya, A. I., and Dauden, E. (2011). Incidence of tuberculosis infection in
psoriatic patients on anti-TNF therapy: Report of a case series with 144 patients. J. Eur.
Acad. Dermatol Venereol. 25 (6), 730–733. doi:10.1111/j.1468-3083.2010.03836.x

Sands, B. E., and Kaplan, G. G. (2007). The role of TNFalpha in ulcerative colitis. J. Clin.
Pharmacol. 47 (8), 930–941. doi:10.1177/0091270007301623

Sartori, N. S., de Andrade, N. P. B., and da Silva Chakr, R. M. (2020). Incidence of
tuberculosis in patients receiving anti-TNF therapy for rheumatic diseases: A systematic
review. Clin. Rheumatol. 39 (5), 1439–1447. doi:10.1007/s10067-019-04866-x

Sayar, S., Kürbüz, K., Kahraman, R., Öztürk, O., Çalışkan, Z., Doğanay, H. L., et al.
(2020). Risk of Hepatitis B reactivation during anti-TNF therapy; evaluation of patients
with past Hepatitis B infection. Turk J. Gastroenterol. 31 (7), 522–528. doi:10.5152/tjg.
2020.19295

Seong, S. S., Choi, C. B., Woo, J. H., Bae, K. W., Joung, C. L., Uhm, W. S., et al. (2007).
Incidence of tuberculosis in Korean patients with rheumatoid arthritis (RA): Effects of RA
itself and of tumor necrosis factor blockers. J. Rheumatol. 34 (4), 706–711.

Shen, Y., Ma, H. F., Luo, D., and GuanThe, J. L. T-S. P. O. T. (2019). The T-spot.tb assay
used for screening and monitoring of latent tuberculosis infection in patients with behçet’s
disease pre- and post-anti-TNF treatment: A retrospective study. J. Chin. Med. Assoc. 82
(5), 375–380. doi:10.1097/JCMA.0000000000000071

Shimabuco, A. Y., Medeiros-Ribeiro, A. C., Miossi, R., Bonfiglioli, K. R., Moraes, J. C. B.,
Goncalves, C. R., et al. (2020). Ankylosing spondylitis and psoriatic arthritis: Revisiting
screening of latent tuberculosis infection and its follow-up during anti-tumor necrosis
factor therapy in an endemic area. Clin. (Sao Paulo, Braz. 75, e1870. doi:10.6061/clinics/
2020/e1870

Sichletidis, L., Settas, L., Spyratos, D., Chloros, D., and Patakas, D. (2006). Tuberculosis
in patients receiving anti-TNF agents despite chemoprophylaxis. Int. J. Tuberc. Lung Dis.
10 (10), 1127–1132.

Stangroom, J. (2022). Social science statistics. Available at: https://www.socscistatistics.
com/tests/chisquare/default.aspx (Accessed July 14, 2022).

Stoll, M. L., Grubbs, J. A., Beukelman, T., Mannion, M. L., Jester, T.W., Cron, R. Q., et al.
(2017). Risk of tuberculosis among Alabama children and adolescents treated with tumor
necrosis factor inhibitors: A retrospective study. Pediatr. Rheumatol. 15 (1), 79. (no
pagination). doi:10.1186/s12969-017-0207-8

Suwannalai, P., Auethavekiat, P., Udomsubpayakul, U., and Janvitayanujit, S. (2009).
The infectious profiles of anti-tumor necrosis factor agents in a Thai population: A
retrospective study a the university-based hospital. Int. J. Rheum. Dis. 12 (2), 118–124.
doi:10.1111/j.1756-185X.2009.01393.x

Takeuchi, T., Tatsuki, Y., Nogami, Y., Ishiguro, N., Tanaka, Y., Yamanaka, H., et al.
(2008). Postmarketing surveillance of the safety profile of infliximab in 5000 Japanese
patients with rheumatoid arthritis. Ann. Rheum. Dis. 67 (2), 189–194. doi:10.1136/ard.
2007.072967

Tarkiainen, M., Tynjälä, P., Vähäsalo, P., and Lahdenne, P. (2015). Occurrence of
adverse events in patients with JIA receiving biologic agents: Long-term follow-up in a
real-life setting. Rheumatology 54 (7), 1170–1176. doi:10.1093/rheumatology/keu457

Taxonera, C., Ponferrada, A., Riestra, S., Bermejo, F., Saro, C., Martin-Arranz, M. D.,
et al. (2018). Serial tuberculin skin tests improve the detection of latent tuberculosis
infection in patients with inflammatory bowel disease. J. Crohn’s Colitis 12 (11),
1270–1279. doi:10.1093/ecco-jcc/jjy104

Ting, S. W., Ting, S. Y., Lin, Y. S., Lin, M. S., and Kuo, G. (2021). Association
between different systemic therapies and the risk of tuberculosis in psoriasis patients:
A population-based study. Int. J. Clin. Pract. 75 (12), e15006. (no pagination). doi:10.
1111/ijcp.15006

Frontiers in Pharmacology frontiersin.org11

Jahnich and Arkwright 10.3389/fphar.2023.1046306

https://doi.org/10.1016/j.micpath.2017.12.014
https://doi.org/10.1086/421494
https://doi.org/10.1007/s10165-011-0458-z
https://doi.org/10.1111/j.1365-2893.2012.01643.x
https://doi.org/10.1111/j.1365-2893.2012.01643.x
https://doi.org/10.1111/1756-185X.12359
https://doi.org/10.1007/s40123-022-00493-z
https://doi.org/10.1111/ijd.12313
https://doi.org/10.1111/bjd.12045
https://doi.org/10.1007/s10067-015-3099-3
https://doi.org/10.1007/s00296-011-2017-5
https://doi.org/10.1007/s00296-011-2017-5
https://doi.org/10.1097/MEG.0b013e3283479125
https://doi.org/10.1093/ecco-jcc/jjw060
https://doi.org/10.1186/s13075-018-1793-7
https://doi.org/10.1080/00365520701409035
https://doi.org/10.1080/00365520701409035
https://doi.org/10.1136/bmj.n160
https://doi.org/10.1038/nrdp.2016.76
https://doi.org/10.1097/MD.0b013e3182380a76
https://doi.org/10.1111/1756-185X.12299
https://doi.org/10.1111/j.1365-2133.2010.10140.x
https://doi.org/10.1111/j.1365-2133.2010.10140.x
https://doi.org/10.1186/s41927-020-00145-4
https://doi.org/10.1136/bmjopen-2015-009661
https://doi.org/10.1186/s41927-020-00158-z
https://doi.org/10.1136/bmjopen-2019-034356
https://doi.org/10.1093/rheumatology/key023
https://doi.org/10.1007/s10067-012-1960-1
https://doi.org/10.1128/CMR.00040-08
https://doi.org/10.1016/j.ejcdt.2014.11.027
https://doi.org/10.1016/j.ejcdt.2014.11.027
https://doi.org/10.1111/j.1468-3083.2010.03836.x
https://doi.org/10.1177/0091270007301623
https://doi.org/10.1007/s10067-019-04866-x
https://doi.org/10.5152/tjg.2020.19295
https://doi.org/10.5152/tjg.2020.19295
https://doi.org/10.1097/JCMA.0000000000000071
https://doi.org/10.6061/clinics/2020/e1870
https://doi.org/10.6061/clinics/2020/e1870
https://www.socscistatistics.com/tests/chisquare/default.aspx
https://www.socscistatistics.com/tests/chisquare/default.aspx
https://doi.org/10.1186/s12969-017-0207-8
https://doi.org/10.1111/j.1756-185X.2009.01393.x
https://doi.org/10.1136/ard.2007.072967
https://doi.org/10.1136/ard.2007.072967
https://doi.org/10.1093/rheumatology/keu457
https://doi.org/10.1093/ecco-jcc/jjy104
https://doi.org/10.1111/ijcp.15006
https://doi.org/10.1111/ijcp.15006
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2023.1046306


Tong, Q., Cai, Q., de Mooij, T., Xu, X., Dai, S., Qu, W., et al. (2015). Adverse events of
anti-tumor necrosis factor alpha therapy in ankylosing spondylitis. PLoS ONE Electron.
Resour. 10 (3), e0119897. doi:10.1371/journal.pone.0119897

Torii, H., Terui, T., Matsukawa, M., Takesaki, K., Ohtsuki, M., Nakagawa, H., et al. (2016).
Safety profiles and efficacy of infliximab therapy in Japanese patients with plaque psoriasis
with or without psoriatic arthritis, pustular psoriasis or psoriatic erythroderma: Results from
the prospective post-marketing surveillance. J. Dermatology 43 (7), 767–778. doi:10.1111/
1346-8138.13214

Tracey, D., Klareskog, L., Sasso, E. H., Salfeld, J. G., and Tak, P. P. (2008). Tumor
necrosis factor antagonist mechanisms of action: A comprehensive review. Pharmacol.
Ther. 117 (2), 244–279. doi:10.1016/j.pharmthera.2007.10.001

van der Have, M., Belderbos, T. D., Fidder, H. H., Leenders, M., Dijkstra, G., Peters, C. P.,
et al. (2014). Screening prior to biological therapy in crohn’s disease: Adherence to
guidelines and prevalence of infections. Results from a multicentre retrospective study.
Dig. Liver Dis. 46 (10), 881–886. doi:10.1016/j.dld.2014.07.006

van der Heijde, D., Dijkmans, B., Geusens, P., Sieper, J., DeWoody, K., Williamson, P.,
et al. (2005). Efficacy and safety of infliximab in patients with ankylosing spondylitis:
Results of a randomized, placebo-controlled trial (ASSERT). Arthritis Rheum. 52 (2),
582–591. doi:10.1002/art.20852

Vassilopoulos, D., Apostolopoulou, A., Hadziyannis, E., Papatheodoridis, G. V.,
Manolakopoulos, S., Koskinas, J., et al. (2010). Long-term safety of anti-TNF
treatment in patients with rheumatic diseases and chronic or resolved Hepatitis B
virus infection. Ann. Rheum. Dis. 69 (7), 1352–1355. doi:10.1136/ard.2009.127233

Vento, S., Cainelli, F., and Longhi, M. S. (2002). Reactivation of replication of Hepatitis B
and C viruses after immunosuppressive therapy: An unresolved issue. lancet Oncol. 3 (6),
333–340. doi:10.1016/s1470-2045(02)00773-8

Vuyyuru, S. K., Kante, B., Kumar, P., Sahu, P., Kedia, S., Ranjan, M. K., et al. (2021). Real
world analysis on the efficacy and safety of anti-tumor necrosis factor therapy in patients
with stricturing Crohn’s disease. Sci. Rep. 11 (1), 11704. doi:10.1038/s41598-021-90660-2

Wallis, R. D., Broder, M., Wong, J., Hanson, M., and Beenhouwer, D. (2004).
Granulomatous infectious diseases associated with tumor necrosis factor antagonists.
Clin. Infect. Dis. 38 (9), 1261–1265. doi:10.1086/383317

Wang, X., Wong, S. H., Wang, X. S., Tang, W., Liu, C. Q., Niamul, G., et al. (2019). Risk
of tuberculosis in patients with immune-mediated diseases on biological therapies: A
population-based study in a tuberculosis endemic region. Rheumatology 58 (5), 803–810.
doi:10.1093/rheumatology/key364

Watanabe, A., Matsumoto, T., Igari, H., Sawa, J., Yamaguchi, Y., and Sakatani, M.
(2016). Risk of developing active tuberculosis in rheumatoid arthritis patients on
adalimumab in Japan. Int. J. Tuberc. Lung Dis. 20 (1), 101–108. doi:10.5588/ijtld.15.
0283

Watanabe, T., Fukae, J., Fukaya, S., Sawamukai, N., Isobe, M., Matsuhashi, M., et al.
(2019). Incidence and risk factors for reactivation from resolved Hepatitis B virus in
rheumatoid arthritis patients treated with biological disease-modifying
antirheumatic drugs. Int. J. Rheum. Dis. 22 (4), 574–582. doi:10.1111/1756-185X.
13401

Watashi, K., Liang, G., Iwamoto, M., Marusawa, H., Uchida, N., Daito, T., et al.
(2013). Interleukin-1 and tumor necrosis factor-α trigger restriction of Hepatitis B
virus infection via a cytidine deaminase activation-induced cytidine deaminase
(AID). J. Biol. Chem. 288 (44), 31715–31727. doi:10.1074/jbc.M113.501122

Wells, G. A., Shea, B., O’Connell, D., Peterson, J., Welch, V., Losos, M., et al. (2000). The
Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomised studies in meta-
analyses. Oxford.

Winthrop, K. L., Baxter, R., Liu, L., Varley, C. D., Curtis, J. R., Baddley, J. W., et al.
(2013). Mycobacterial diseases and antitumour necrosis factor therapy in USA. Ann.
Rheum. Dis. 72 (1), 37–42. doi:10.1136/annrheumdis-2011-200690

Wolfe, F., Michaud, K., Anderson, J., and Urbansky, K. (2004). Tuberculosis infection in
patients with rheumatoid arthritis and the effect of infliximab therapy. Arthritis &
Rheumatism. 50 (2), 372–379. doi:10.1002/art.20009

World Health Organization (WHO) (2017). Global hepatitis report 2017. Geneva,
Switzerland: Licence CC BY-NC-SA 3.0 IGO.

World Health Organization (WHO) (2021). Global tuberculosis report 2021. Licence CC
BY-NC-SA 3.0 IGO.

Yang, P. L., Althage, A., Chung, J., Maier, H., Wieland, S., Isogawa, M., et al. (2010).
Immune effectors required for Hepatitis B virus clearance. Proc. Natl. Acad. Sci. 107 (2),
798–802. doi:10.1073/pnas.0913498107

Ye, H., Zhang, X.W., Mu, R., Fang, L. K., Gu, J. R., Lin, J., et al. (2014). Anti-TNF therapy
in patients with HBV infection-analysis of 87 patients with inflammatory arthritis. Clin.
Rheumatol. 33 (1), 119–123. doi:10.1007/s10067-013-2385-1

Ye, L., Chapman, T. P., Wen, Z., Lin, L., Qiu, Y., Liu, Z., et al. (2021). Targeted versus
universal tuberculosis chemoprophylaxis in 1968 patients with inflammatory bowel
disease receiving anti-TNF therapy in a tuberculosis endemic region. Aliment.
Pharmacol. Ther. 53 (3), 390–399. doi:10.1111/apt.16130

Yoo, I. K., Choung, R. S., Hyun, J. J., Kim, S. Y., Jung, S.W., Koo, J. S., et al. (2014). Incidences
of serious infections and tuberculosis among patients receiving anti-tumor necrosis factor-alpha
therapy. Yonsei Med. J. 55 (2), 442–448. doi:10.3349/ymj.2014.55.2.442

Yoo, J. W., Jo, K. W., Kang, B. H., Kim, M. Y., Yoo, B., Lee, C. K., et al. (2014).
Mycobacterial diseases developed during anti-tumour necrosis factor-α therapy. Eur.
Respir. J. 44 (5), 1289–1295. doi:10.1183/09031936.00063514

Yuen,M-F., Chen, D-S., Dusheiko, G.M., Janssen, H. L., Lau, D. T., Locarnini, S. A., et al.
(2018). Hepatitis B virus infection. Nat. Rev. Dis. Prim. 4 (1), 18035–18120. doi:10.1038/
nrdp.2018.35

Zhang, Z., Fan, W., Yang, G., Xu, Z., Wang, J., Cheng, Q., et al. (2017). Risk of
tuberculosis in patients treated with TNF-α antagonists: A systematic review and meta-
analysis of randomised controlled trials. BMJ Open 7 (3), e012567. doi:10.1136/bmjopen-
2016-012567

Zhou, Y., He, H., Wang, P., Zhang, T., Lin, M., Wang, H., et al. (2015). Infliximab for the
treatment of Crohn’s disease: Efficacy and safety in a Chinese single-center retrospective
study. Eur. J. Gastroenterology Hepatology 27 (11), 1270–1275. doi:10.1097/MEG.
0000000000000447

Frontiers in Pharmacology frontiersin.org12

Jahnich and Arkwright 10.3389/fphar.2023.1046306

https://doi.org/10.1371/journal.pone.0119897
https://doi.org/10.1111/1346-8138.13214
https://doi.org/10.1111/1346-8138.13214
https://doi.org/10.1016/j.pharmthera.2007.10.001
https://doi.org/10.1016/j.dld.2014.07.006
https://doi.org/10.1002/art.20852
https://doi.org/10.1136/ard.2009.127233
https://doi.org/10.1016/s1470-2045(02)00773-8
https://doi.org/10.1038/s41598-021-90660-2
https://doi.org/10.1086/383317
https://doi.org/10.1093/rheumatology/key364
https://doi.org/10.5588/ijtld.15.0283
https://doi.org/10.5588/ijtld.15.0283
https://doi.org/10.1111/1756-185X.13401
https://doi.org/10.1111/1756-185X.13401
https://doi.org/10.1074/jbc.M113.501122
https://doi.org/10.1136/annrheumdis-2011-200690
https://doi.org/10.1002/art.20009
https://doi.org/10.1073/pnas.0913498107
https://doi.org/10.1007/s10067-013-2385-1
https://doi.org/10.1111/apt.16130
https://doi.org/10.3349/ymj.2014.55.2.442
https://doi.org/10.1183/09031936.00063514
https://doi.org/10.1038/nrdp.2018.35
https://doi.org/10.1038/nrdp.2018.35
https://doi.org/10.1136/bmjopen-2016-012567
https://doi.org/10.1136/bmjopen-2016-012567
https://doi.org/10.1097/MEG.0000000000000447
https://doi.org/10.1097/MEG.0000000000000447
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2023.1046306

	Regional risk of tuberculosis and viral hepatitis with tumor necrosis factor-alpha inhibitor treatment: A systematic review
	Introduction
	Materials and methods
	Protocol and registration
	Search strategy
	Eligibility criteria
	Participants
	Interventions
	Comparators
	Outcomes
	Study design

	Study selection
	Data extraction and quality assessment
	Statistical analysis

	Results
	Assessment of risk of bias
	TB risk with TNFα inhibitors
	Subgroup analysis of TB by continent
	Subgroup analysis of TB by regional burden
	HBV risk with TNFα inhibitors
	Subgroup analysis of HBV by continent
	Subgroup analysis of HBV by regional burden
	HCV reactivation risk with TNFα inhibitors

	Discussion
	Data availability statement
	Author contributions
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


