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"... che nel principio del suo male è
facile a curare e difficile a conoscere,
ma, nel progresso del tempo, non l'av-
endo in principio conosciuta né medi-
cata, diventa facile a conoscere e diffi-
cile a curare."
from Il Principe by Nicollo Machiavel-
li (1469-1527)
("In its beginning, the malady [tubercu-
losis] is easier to cure but difficult to
detect, but later it becomes easy to de-
tect but difficult to cure")

ABSTRACT
With the expanding use of biologic ag-
ents, in particular TNF inhibitors, tu-
berculosis and other opportunistic in-
fections have become an important and
growing concern in rheumatology. Cli-
nicians using these therapies should
have an understanding of the scope of
the problem, the underlying scientific
rationale, as well as the optimal ap-
proaches to screening, monitoring and
treatment.

Introduction
The introduction of biologic agents,
particularly inhibitors of the key pro-
inflammatory cytokine tumor necrosis
factor (TNF), spawned a new therapeu-
tic era in rheumatology. These agents
have proven effective not only in con-
trolling the signs and symptoms of rheu-
matoid arthritis (RA), but also in im-
proving patients’ functional status and
attenuating structural damage. Accom-
panying the excitement regarding their
clinical efficacy in RA and other auto-
immune diseases has been caution con-
cerning potential safety issues. Because
these agents are potent modulators of
the immune response, they may adver-
sely impact host immunosurveillance,
potentially increasing susceptibility to
infection, among other sequelae. Though
patients taking inhibitors of TNF are at
increased risk for many potential path-
ogens, there has been particular concern
regarding tuberculosis (TB). 

TB, an anathema since antiquity, re-
mains a potent pestilence in the 21st cen-
tury. In recent decades, as its incidence
decreased in the developed world, TB
was considered a nearly conquered con-
tagion. However, the emergence of fac-
tors such as increasing population den-
sity and mobility, antibiotic resistance,
the HIV pandemic, and the introduc-
tion of TNF inhibitors has renewed in-
terest in this pernicious pathogen (1-3). 

Tuberculosis 
With over 8 million new cases per year
and a proclivity for latent infection, TB
infects about a third of the world’s pop-
ulation. Untreated, roughly a third of
patients with active TB die within a
year, and half die within 5 years. Due
largely to its association with HIV, TB
remains a leading infectious killer, cau-
sing 2 million deaths annually. The in-
cidence of TB varies worldwide. In
2003 the incidence of TB in the USA
was 5.1 cases per 100,000 population,
representing the smallest decline in rate
since 1992 (4). It is higher in some Eu-
ropean countries, for example, approxi-
mately 25/100,000 in Spain. In sub-Sa-
haran African populations, prevalences
near 300/100,000 population are seen
(1, 2).
The consequences of infection with
Mycobacterium tuberculosis depend
mainly upon the immunocompetence
of the host. Within 2 years of exposure,
5% of persons cannot control the infec-
tion and develop symptomatic TB.
Many of these individuals have some
defect in the integrity of their immune
system. Most commonly, TB infection
involves the lungs. Approximately 80%
of non-HIV related TB cases present
with pneumonitis. After initial lung in-
fection, TB may spread, initially to re-
gional lymph nodes and then through-
out the body. The proclivity for extra-
pulmonary spread of TB is determined
by immunocompetence. Among HIV
patients, two-thirds present with extra-
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pulmonary involvement.
In contrast to those who become symp-
tomatic, about 95% of exposed adults
are able to control the initial infection,
containing the organisms within granu-
lomas (the so-called ‘tubercles’). How-
ever, although its growth can be inhib-
ited, TB is typically not eradicated.
Sometime during their lives, approxi-
mately 10% of patients with this latent
TB infection (LTBI) experience a reac-
tivation of the previously dormant in-
fection and become symptomatic. In
areas of low endemicity, most cases of
active TB result from reactivation. Re-
activation of LTBI often occurs con-
comitant with ill health and weakened
immune function. Among HIV pa-
tients, rates of reactivation may exceed
10% each year (1). 
As will be discussed, many cases of TB
related to the use of TNF inhibitors ap-
pear to be reactivation of LTBI. Inter-
estingly, among cases of TB thought to
be due reactivation of LTBI, infection
may actually be a second primary in-
fection. In a series including both HIV
and non-HIV patients, 33% of TB cases
in previously exposed patients were
shown instead to be infection with a
different strain of TB (5). As is the case
for primary infections, manifestations
of reactivation of LTBI depend on the
competence of the immune system.

Pulmonary manifestations are most
common, with a predilection for apical
and posterior segments, due to their
higher oxygen concentration. While
any organ can be involved with extra-
pulmonary TB, the most common sites
are lymph nodes, pleura, genitourinary
tract, bones and joints, meninges, and
peritoneum. 

Immune defense against TB
The initial response to TB infection
entails innate immunity, with ingestion
of organisms by pulmonary macropha-
ges, mediated in part via recognition of
mycobacterial constituents via toll-like
receptors (6, 7). The predominant host
defense against TB involves cell medi-
ated immunity, orchestrated by CD4+
T cells. The key processes that come
into play are cytokine mediated activa-
tion of macrophages, and cytolytic kill-
ing of infected cells. Activated macro-
phages ingest and kill bacilli utilizing
reactive oxygen intermediates and pro-
ducts of inducible nitric oxide synthase
(iNOS), such as NO and nitro tyrosine
(8,9). Granulomas, formed by organiz-
ed activated macrophages along with
lymphocytes, effectively contain or-
ganisms and prevent their spread. Cy-
tokines serving an important role in
granuloma formation and maintenance
include TNF-α, IFN-γ, IL-12, IL-15

and LT-α (6,10,11). IL-10 plays an in-
hibitory role, increasing susceptibility
to TB (12). Direct T cell cytolysis of
infected phagocytes also eliminates
bacilli and can deprive TB of an intra-
cellular sanctuary, particularly when
macrophage activating responses are
suboptimal. However, excessive cyto-
lytic responses may result in the des-
truction of normal tissue, resulting in
cavitation and damage to surrounding
parenchyma, vessels and airways. In-
deed the host response to both acute as
well as latent TB requires constant, bal-
anced immune-driven inflammation.
Insufficient responses allow spread of
infection, while excessive responses
can cause tissue destruction. 
While information concerning the role
of mediators including IL-12 and IFN-γ
in the host response to TB comes from
immunodeficient patients (13), much
evidence derives from animal studies.
Data from numerous models have
established that TNF-α plays an essen-
tial role in granuloma formation and in
control of TB (Table I) (14-20). Data
from these studies indicate that inhibi-
tion of TNF by any of a variety of ap-
proaches increases the frequency and
severity of TB infection. It has been
suggested that transmembrane forms of
TNF may be particularly important (21).
Lymphotoxin-α may also play a role in

Table I. The role of TNF in defense against TB: animal models.

Model Reference Findings

P55 TNF-R KO mice (14) Newly formed pulmonary granulomas acutely disintegrated, 
J Pathol 1999; 189: 127-37 with apoptotic cell death and neutrophil influx; mice succumbed to

infection just beyond the stage of granuloma initiation

Pentoxifylline (TNF inhibitor) (15) Treated mice had accelerated tissue damage compared to controls.
treated C57BL/6 mice Immunology 2001; 102: 248-53

TNF-α KO mice injected with (16) The number of mycobacterial colonies per unit weight of lung and 
virulent M. TB strain or avirulent BCG. Lab Invest 1999; 79: 379-86 spleen increased in KO mice

TNF-RI KO mice treated with (17) Treated mice developed fewer and smaller granulomas than controls
soluble TNF-RI J Immunol 1996;157:5022-6

Nramp1+/+ and Nramp1-/- mice (18) Nramp1 influences TNF and IL-10 levels;  macrophage survival 
treated with anti-TNFα mAb J Immunol 1999; 162: 6122-31 decreased during M.Tb infection

P55 TNF-R KI mice (19) Mice overexpressing sTNFR1 had increased sensitivity to M. 
Eur J Immunol 1997; 27: 3182-90 Tb and inhibition of granuloma formation.

Mice treated with an anti-TNF mAb (20) Treated mice developed fatal reactivation of M. TB
Infect Immun 2001; 69: 1847-55

KO: knock out; mAb: monoclonal antibody; BCG: Bacillus-Calmette-Guérin; KI: knock in.
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controlling mycobacterial infection (22,
23). In summary, the breadth of animal
data defining a key role for TNF in host
defense against TB provides biologic
plausibility for the potential association
between the use of TNF inhibitors and
TB in patients.
In addition to CD4+ and CD8+ T cells,
natural killer (NK) T cells and gamma-
delta T cells that utilize non-classical
MHC molecules such as CD1 to recog-
nize glycolipid mycobacterial antigens,
may also play a role in host defense
against TB (6). Other factors may be
important in tuberculosis susceptibility.
The capacity to respond to mycobacte-
rial antigens is known to be partly in-
heritable (24). The natural resistance-
associated macrophage protein 1 gene
(Nramp; now designated SlC11A1) in-
fluences the immune response to intra-
cellular organisms including TB. In
mice, polymorphisms in Nramp1 are
correlated with infection, and this may
also be relevant in humans (25). An
association between class I MHC anti-
gen expression and TB prevalence has
also been reported (26). 
The possible role of genetic predisposi-
tion to TB associated with TNF inhibi-
tor treatment remains to be determined.
Interestingly, nicotine exposure may al-
so affect susceptibility to TB. It has re-
cently been shown that simulation of the
α7 subunit of the acetylcholine recep-
tor can inhibit the release of macrophage
TNFα and attenuate inflammatory re-
sponses. Nicotine is a potent stimulator
of this receptor. Cigarette smoking may

therefore increase susceptibility to TB,
which may be relevant to patients treat-
ed with TNF inhibitors (27).

Infectious agents
TB and TNF inhibitors
Prior to the availability of TNF inhibi-
tors, cases of TB had occasionally been
observed in patients with RA and other
autoimmune conditions (28, 29). The
effects of immune changes inherent to
the disease or of various anti-rheumatic
treatments, as far as contributing to the
development of TB, have not been ful-
ly defined. Corticosteroids, when used
chronically at doses larger than 15 mg
of prednisone a day, do increase the
risk of developing TB (29). Important
to the consideration of the risk of TB
associated with TNF inhibitors is the
extent to which RA patients may be at
any greater risk for developing TB. This
remains uncertain. In 2000, the rate of
TB in the general USA population was
5.8/100,000 (30). In a cohort of more
than 10,000 RA patients in the USA
prior to the introduction of TNF inhibi-
tors, the incidence of TB was estimated
to be 6.2/100,000 (31). While this ap-
proximates the rate in the general popu-
lation, it is based on a single case, and
is therefore potentially tenuous. 
In a cohort of 788 RA patients from
Spain, also prior to the introduction of
TNF inhibitors, 7 cases of TB were id-
entified, yielding an incidence of 134/
100,000 (32). After adjusting for age and
sex, this gave about a 4-fold excess risk
for RA patients as compared to the gen-

eral Spanish population, whose inci-
dence during that time was estimated to
be 22.7/100,000. The extent to which
RA patients have an excess risk of TB
may depend on the prevalence of the
disease in the community, among other
factors. 
Following the introduction of the TNF
inhibitors, increasing numbers of cases
of TB were reported (33, 34). The vast
majority of these reports came not from
clinical trial data but from pharmaco-
vigilance, highlighting the importance
of post-approval safety data collection
(35). The prevalence of TB, particular-
ly with infliximab use, appears to ex-
ceed that of both the general population
and of RA patients. For example, among
RA patients treated with infliximab in
the USA, the prevalence of TB has been
estimated to range from 24.4/ 100,000
(based on cases reported to the FDA as
of May 2001; reference 37) to 52.5/
100,000 (based upon a survey of RA pa-
tients from January 2000 to June 2002;
reference 31). In Spain, analysis of data
from 1,540 RA patients treated with
TNF inhibitors (86% infliximab) re-
vealed 17 cases of tuberculosis among
patients treated with infliximab (36).
This represented a risk ratio of 11.7 to
19.9 (2001, 2000 respectively) compar-
ed with RA patients not receiving such
treatment, and a risk ratio of 53 to 90
(2001, 2000 respectively) compared with
the overall Spanish population. These
data led to regulatory changes in the
package inserts for TNF inhibitors,
highlighting the potential association
and defining the need for consideration
of TB and for appropriate screening. 
The prevalence of TB among RA pa-
tients treated with etanercept approxi-
mates that of the general population,
and appears to be less than that for in-
fliximab (Table II). This suggests that
there may be differences in the risk of
TB with these two agents. For adalimu-
mab, the availability of data solely
from clinical trials and the fact that its
development program was later than
the other agents precludes comparisons
regarding TB incidence. For all agents,
the rates of TB are higher outside the
USA even though the overall use of
each product has been mainly in the
USA. This suggests that the prevalence

Table II. M. tuberculosis in RA patients treated with TNF antagonists+.

Etanercept Infliximab Adalimumab*

Approximate no. of pts. treated 150,000 200,000 2500

Approximate pt-yrs of exposure 230,000 230,000 4900

TB Reports 38 172 13

Distribution: Use of agents
USA 90% 64% 60%
Outside USA 10% 36% 40%

Distribution: TB cases
USA 20 (52%) 55 (32%) 3 (23%)
Outside USA 18 (48%) 117 (68%) 10 (67%)

Time to onset of TB 1 to 22 mos. 75% by 6 weeks: 3 to 8 months
(median 11.2) 97% by 7 months

Extra-pulmonary / miliary 50% 45% 40%
involvement

+Data through 4th quarter 2002; *all data for adalimumab is from clinical trials.

             



of TB in the general population impacts
any association with the use of TNF
inhibitors.
With infliximab and adalimumab, the
majority of cases were noted relatively
soon after the initiation of therapy (Ta-
ble II). This suggests that most cases
represent reactivation of LTBI, although
some primary infections did occur.
With etanercept, there was a more vari-
able time interval preceding cases.
Interestingly, although the rate of TB
varied among agents, TB cases associ-
ated with all agents have been associat-
ed with a substantial and similar inci-
dence of extrapulmonary TB. The ob-
served rate of about 50% far exceeds
the approximate 18% incidence seen in
the non-HIV general population (38).
This suggests either a generalizable
effect of all TNF inhibitors or a charac-
teristic of altered immune function in
this patient population. In one series of
33 patients with various rheumatic con-
ditions who developed TB, none of
whom were taking TNF inhibitors,
66% of patients developed extrapulmo-
nary diseases (39). However, in another
series of TB cases among RA patients
from Spain, 5 of 7 (71%) patients had
pulmonary disease; 1 had pleural and 1
had gastrointestinal tract involvement
(32). The effects of the modulations in
immune function inherent in autoim-
mune diseases and those related to
treatments remain to be fully defined. 
Although explanations underlying any
differential association with TB among
the TNF inhibitors have not been iden-
tified, there are several potential contri-
butors. Factors unrelated to mecha-
nism, such as differences in the popula-
tions of patients receiving each agent
(e.g. country of origin, age, concomi-
tant medications, comorbidity) may
have contributed. From a mechanistic
standpoint there are several distinctions
among the TNF inhibitors. Interesting-
ly, while all agents have been shown to
have comparable efficacy in controlling
the signs and symptoms of RA, they
appear to be variable in efficacy in oth-
er conditions. For example, infliximab
is effective as a treatment for Crohn’s
disease, a condition in which etaner-
cept was ineffective. Adalimumab is
presently being studied in this condi-

tion. Thus, the differences in mechan-
isms described below may be relevant
to some aspects of efficacy as well as
toxicity. 
While all of the 3 approved macro-
molecule TNF inhibitors have volumes
of distribution consistent with intravas-
cular dissemination, there are pharma-
cokinetic differences. Infliximab, which
is administered intravenously, has a
large peak followed by a steady state
serum concentration; the subcutane-
ously administered agents do not have
this initial peak. Both monoclonal anti-
bodies target TNF-α specifically, where-
as the soluble receptor construct binds
both TNF-α as well as the related cyto-
kine LT-α (previously known as TNF-
β). While all agents bind TNF-α with
high affinity, the avidity of the antibod-
ies may be higher than that of the solu-
ble receptor, leading to more long last-
ing inhibition. Also, the antibodies are
very effective at binding both mem-
brane bound and soluble forms of TNF,
whereas the soluble receptor binds the
soluble form better. (40). Ex vivo stud-
ies have suggested differential immu-
nologic effects between infliximab and
etanercept. 
Assessment of stimulated T cells from
ankylosing spondylitis patients showed
that infliximab treatment resulted in a
significant decrease in cells positive for
intracellular TNF-α and IFN-γ, where-
as etanercept treatment resulted in a
significant increase in these cytokines
(41, 42). In vitro, anti-TNF antibodies
better utilize effector mechanisms rela-
ted to Fc receptor interaction, including
complement mediated lysis of TNF
over-expressing target cells, as com-
pared to soluble receptor constructs.
While this does not appear to be a rele-
vant mechanism in vivo, induction of
apoptosis in the gut and in T cells and
monocytes from patients with Crohn’s
disease has been demonstrated with in-
fliximab treatment (43,44). Interesting-
ly, although cellular infiltration in the
rheumatoid synovium is reduced with
infliximab treatment, this does not re-
late to the induction of apoptosis (45).
The involvement of any of these differ-
ences in mechanisms as regards poten-
tial association with TB remains specu-
lative at present. 

Approach to RA patients considered
for treatment with TNF inhibitors
Screening
A recent systematic analysis defined
the benefits of screening for and treat-
ing LTBI among various populations
(46). For patients with rheumatic dis-
eases, as a result of the reports of TB in
patients treated with TNF inhibitors,
screening for LTBI prior to therapy and
maintenance of a high index of suspi-
cion for TB infection during treatment
have become the standard of care. Im-
portantly, there is data from a variety of
sources suggesting that this approach
has been successful in reducing the in-
cidence of TB among RA patients re-
ceiving TNF inhibitors (Fig.1) (36). 
The USA Centers for Disease Control
and Prevention (CDC) and the Ameri-
can Thoracic Society have recently es-
tablished guidelines on TB testing and
the treatment of LTBI (47). Although
much of the data upon which they were
based derives from HIV patients, and
although there are regional differences
in medical practice that may affect var-
ious components, these guidelines are
germane to patients for whom treat-
ment with a TNF inhibitor is being con-
sidered. The “gold standard” in the
detection of LTBI remains delayed type
hypersensitivity (DTH) testing with
purified protein derivative (PPD), a di-
agnostic test dating from the latter 19th
century. In order to exclude false nega-
tive responses, many clinicians were
trained in the use of additional antigens
as ‘positive controls’ for DTH testing.
However, because of difficulties in the
standardization of the other antigens,
potential variations in DTH responses
over time, and evidence that such test-
ing lacks utility as far as increasing the
reliability of a negative PPD or provid-
ing a rationale for treatment, anergy
testing is currently not recommended
(48). Of note, it has been demonstrated
that cutaneous anergy is more common
among RA patients than among con-
trols (37% compared to 0%), and that
anergy may correlate with some mea-
sures of disease severity (49). A recent
study from an endemic TB region dem-
onstrated far less PPD reactivity among
RA patients (20%) than among controls
(70%), unrelated to treatment or dis-
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ease activity (50). Thus, the possibility
that PPD testing may be falsely nega-
tive should be borne in mind in RA pa-
tients. 
One means by which false negative
PPD tests may be minimized is ‘boost-
er’ or ‘two-step’ testing (51). Repeated
testing 1 to 5 weeks after a negative
PPD may evoke waned recall DTH re-
sponses, and has been recommended in
some settings. However, booster test-
ing may lead to a larger number of false
positive tests, particularly for persons
previously vaccinated with Bacille Cal-
mette-Guerin (BCG) in an attempt to
prevent TB infection (52). Booster
PPD testing has not become a standard
for patients being considered for TNF
inhibitor therapy. 
Criteria for what constitutes a positive
PPD response are somewhat different
in the most recent CDC guidelines from
previous practice. Patients are stratified
according to their risk for TB based
upon comorbid conditions (47, 53). RA
patients being considered for TNF in-
hibitor therapy would probably be most
appropriately classified in the high risk
group, which includes “immunosup-

pressed patients receiving the equiva-
lent of ≥ 15 mg of prednisone per day
for ≥ 1 month” in addition to HIV pa-
tients, close contacts of active TB cas-
es, and those with CXR evidence of
past disease. For such high risk pa-
tients, induration of ≥ 5 mm is consid-
ered a positive reaction. 
Interestingly, as the use of TNF inhi-
bitors expands into other indications,
the optimal definition of a positive test
may have to be revisited. For example,
patients with psoriasis or ankylosing
spondylitis who are candidates for TNF
inhibitor treatment may be younger,
healthier, and on fewer concomitant
medications than RA patients. Lacking
data to the contrary, it would seem pru-
dent to still consider these patients as
‘high risk’ in terms of PPD interpreta-
tion. For patients with lesser risk ≥ 10
mm induration is positive, while for
“normal” individuals it is ≥15 mm. Re-
activity to PPD is not specific for My-
cobacterium tuberculosis, as it can be
seen in relation to Mycobacterium bo-
vis and various soil mycobacteria. This
raises the potential for false positive
PPD tests, an issue that is of particular

relevance among individuals previous-
ly vaccinated with BCG, which is de-
rived from attenuated M. bovis. BCG
vaccination can cause a positive PPD,
the size of which varies indirectly with
the time between vaccination and test-
ing. Approximately 80% of patients be-
come PPD reactive within 6 weeks of
BCG vaccination. Interestingly, how-
ever, there is no correlation between
PPD reactivity due to vaccination and
protection against developing TB in-
fection (54). By 10 years, 15-25% of
patients will still be PPD positive; this
decreases to less than 10% by 15 years
(53,55). 
As noted, repeated PPD testing can
have a booster effect among BCG reci-
pients, making the interpretation of re-
sults more difficult. BCG vaccination,
although rare in the United States, is
common worldwide, particularly in
countries with a high prevalence of TB.
Because BCG vaccination is less effec-
tive in endemic areas, this further con-
founds PPD interpretation. Given these
considerations, current recommenda-
tions call for ignoring previous BCG
exposure when interpreting PPD. This
would seem relevant for RA patients
being considered for TNF inhibitor
therapy, as most of those who are being
considered for treatment would have
received BCG many years prior. 
Some clinicians obtain a chest radio-
graph (CXR) to screen for LTBI. Al-
though evidence of prior TB infection
such as nodules and fibrotic or scarred
lesions may be observed, the CXR is
normal in most patients with LTBI,
thereby limiting its utility as a screen-
ing test (53).
Given the constraints of current testing
approaches, there has been substantial
interest in developing non-PPD based
TB specific testing. In vitro assays have
been developed, based upon specific T
cell responses to antigens present in
Mycobacterium tuberculosis but not in
soil mycobacteria or in Mycobacterium
bovis (e.g. early secretory antigen tar-
get-6; ESAT-6). Such assays, which
have received regulatory approval, may
allow the distinction between exposure
to TB versus BCG vaccination, and
therefore offer greater accuracy in
LTBI identification (56, 57). 

Fig. 1. Patient exposure to infliximab versus TB cases reported. The figure represents a 4-month mov-
ing average from February 2000 through August 2002 in the USA (data on file, Centocor). During this
time, several regulatory reports were sent to clinicians: 1) December 2000: the EMEA issued a state-
ment concerning the possible association of TB with the use of infliximab; the package insert was
changed to reflect this. 2) January 2001:The FDA issued a “Dear Doctor” letter highlighting the poten-
tial association between TB with the use of infliximab. 3) August 2001: The FDA convenes an adviso-
ry panel to address infection potentially associated with the use of TNF inhibitors. Soon after, an “ACR
Hotline” on the topic is sent to rheumatologists. A “boxed warning” was added to the infliximab pack-
age insert, and a second “Dear Doctor” letter was sent advising screening for LTBI. As expected in
pharmacovigilance, the number of cases of TB reported increased following the publicity of the topic.
Of note, more recently the number of cases of TB reported with treatment have steadily declined,
despite increasing utilization of infliximab, suggesting that appropriate screening for latent TB may be
effective.

                 



As larger numbers of patients receive
treatment with TNF inhibitors, the
issue of repeated testing for TB after
the initiation of therapy will become
increasingly important. At present,
there are no guidelines for TB testing at
regular intervals, although screening
after potential TB exposure would
seem prudent. While the effect of TNF
inhibitor therapy on PPD reactivity has
not been specifically addressed, there is
data suggesting that these agents do not
appear to inhibit DTH responses or T
cell reactivity to mitogens or recall an-
tigens (58, 59). Interestingly, there are
data suggesting that TNF inhibitor ther-
apy, by removing the inhibitory effect
of chronic TNF exposure, may actually
enhance T cell responses (60, 61). 

Treatment
In patients with a positive PPD, a CXR
is obtained to exclude the presence of
active TB. If the CXR is normal, appro-
priate treatment for LTBI is initiated
(Table III) (47, 53). The standard regi-
men suggested is isoniazid for 9
months, although alternatives may be
substituted if indicated. A relevant is-
sue for RA patients, many of whom are
on concurrent therapy with DMARDs,
particularly methotrexate, is the poten-
tial hepatotoxicity of anti-TB medica-
tions (62). After LTBI therapy is begun,
treatment with a TNF inhibitor may be
started. While some clinicians wait
days or weeks between LTBI treatment
and TNF inhibitor therapy, at present
there are no data supporting any partic-
ular interval. If the CXR shows evi-
dence of active TB, the general consen-
sus has been to withhold TNF inhibitor
therapy until completion of an ade-
quate TB treatment. In cases where
CXR has been abnormal but not sug-
gestive of active TB, it may be prudent
to collect sputum samples for culture
and possibly PCR testing to exclude
active TB. When these are negative,
TNF therapy may be initiated. Clearly,
more data on the utility of these various
approaches are needed. 
As noted, BCG vaccination has been
used as a potential means to prevent TB
infection. However, its efficacy is quite
variable, with reported rates of preven-
tion ranging from 0-85% (54, 63). The

efficacy of vaccination appears to be
highest in the prevention of disseminat-
ed disease in children, and lower in en-
demic areas. There are no data at pre-
sent supporting a role for BCG vacci-
nation in preventing TB among RA pa-
tients being considered for TNF inhi-
bitors. Of note, disseminated infection
with the normally innocuous M. bovis
strain used in BCG can be seen, partic-
ularly in the setting of immunosuppres-
sion (64,65). 

The risk of TB with other biologic
agents
Anakinra (recombinant IL-1 receptor
antagonist; IL-1ra), an inhibitor of IL-
1, has also been approved for the treat-
ment of RA. Many other novel immu-
nomodulatory agents are currently un-
der development. For those agents tar-
geting TNF, the above considerations
regarding TB should be relevant. For
agents targeting other inflammatory
cytokines, or other components of the
immune response, it remains to be de-
termined whether they will cause an
increased proclivity to TB. Given the
interplay of various components of the
immune system, and the role of factors
other then TNF in host defense against
TB, such a risk is certainly possible.
With anakinra, there has been one case
of TB reported with more than 19,000
patient-years of exposure (through May
2003; data on file; Amgen). Long term

pharmacovigilance data will provide
critical information regarding the risk
of TB and other opportunistic infec-
tions in patients treated with novel im-
munomodulatory agents. 

Other opportunistic infections
In addition to TB, other opportunistic
infections that have been observed
among patients treated with TNF inhi-
bitors include atypical mycobacteria,
listeriosis, histoplasmosis, aspergillo-
sis, candidiasis, coccidiomycosis, pneu-
mocystis pneumonia, and others. Con-
siderations discussed above regarding
TB are largely relevant to these other
pathogens. The most important points
for clinicians are: 1) be aware of ende-
mic infections in one’s locale, and 2)
maintain a high index of suspicion for
unusual pathogens when caring for
patients receiving TNF inhibitors. 

Summary and conclusions
Animal models demonstrating biologic
plausibility, along with pharmacovigi-
lance data concerning prevalence and
temporal association, support associa-
tions of TB with TNF inhibitor therapy
in patients with RA. There appear to be
differential risks of TB with the cur-
rently available inhibitors, although the
specific mechanisms underlying this
difference remain to be delineated.
Screening for LTBI with PPD is indi-
cated for patients being considered for
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Table III. Recommended drug regimens for treatment of latent TB infection.

Drug Interval and duration Rating* (Evidence)†

HIV- HIV+

Isoniazid Daily for 9 months A (II) A (II)
or

Twice weekly for 9 months^ B (II) B (II)

Isoniazid Daily for 6 months B (I) C (I)
or

Twice weekly for 6 months^ B (II) C (I)

Rifampin plus Daily for 2 months or B (II) A (I)
pyrazinamide twice weekly for 2-3 months^

C (II) C (I)

Rifampin Daily for 4 months B (II) B (III)

*Strength of recommendation: A=preferred; B=acceptable alternative; C=offer when A and B cannot
be given. 
†Quality of evidence: I = randomized clinical trial data; II = data from clinical trials that are not ran-
domized or were conducted in other populations; III =expert opinion. 
^directly observed therapy must be used with twice weekly dosing

             



S-132

Biologic agents and TB and opportunistic infections / J. Bieber & A. Kavanaugh

treatment, and seems to have been ef-
fective in reducing the occurrence of
TB in treated patients. However, the
large number of disseminated and atyp-
ical presentations of TB observed, the
potential for false negative screening
tests, and the possibility of acquisition
of primary TB while on therapy high-
light the need for continuous vigilance
on the part of the treating clinician for
the possibility of TB in patients treated
with these agents. Further information
regarding the optimal diagnostic and
therapeutic approaches will prove im-
portant to RA patients receiving TNF
inhibitor therapy and to their physici-
ans. 
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