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Mycobacterium tuberculosis remains one of the major
pathogens affecting humans, infecting roughly one-third of
the population and being responsible for almost 2 million
deaths annually1. The continued presence of the disease, in
association with a global increase in drug resistant strains
and increasing coinfection with the human immunodefi-
ciency virus (HIV), resulted in the World Health
Organization declaring tuberculosis (TB) a global emer-
gency one decade ago, a situation that continues today.

Developed countries, in sharp contrast to the rest of
world, have seen a remarkable decline in TB over the past
century: the Canadian TB incidence rate, which peaked at
over 120 cases per 100,000 sixty years ago, has since
decreased to roughly 6 cases per 100,0002. While the overall
incidence has decreased, the relative proportion of active
disease occurring in foreign-born versus Canadian-born
non-aboriginals has increased substantially, illustrating the
impact of the global epidemic on industrialized nations2.

This decline in developed countries has resulted in TB
becoming a medical rarity. Frequently, the diagnosis may be
missed by healthcare providers who have little to no experi-
ence with the disease. Opportunities for preventing TB
through the treatment of latent infection may be missed
because of unfamiliarity with screening tests, at-risk popu-
lations, and preventive regimens. This lack of awareness, in
association with the development of immunosuppressive
therapies to treat a host of autoimmune disorders, may lead
to the development of TB in patients with latent infection
that may otherwise have been prevented. Indeed, cases of
active TB in patients with rheumatoid arthritis (RA) have
recently been reported, and this has brought about a renewed
interest in the relationship between the 2 diseases3.

It is generally believed that rheumatologic diseases such
as systemic lupus erythematosus and possibly RA may be
associated with an increased risk of TB4. What proportion of
this increased risk stems from the immunologic disease
itself, rather than immunosuppressive therapy, remains

largely unknown. While profound immune suppression such
as that required for organ transplantation is clearly associ-
ated with an increased risk of developing active TB, the risk
afforded by lesser degrees of immune suppression is not
well defined5. Cases of active TB occurring in patients
receiving methotrexate have been reported6 , 7; however, given
the paucity of such reports it is likely that methotrexate alone
is not a significant risk factor for the development of active
TB. There is no evidence that other immune modulating
drugs such as penicillamine and leflunomide are associated
with TB. Receiving intermittent or low-dose prednisone does
not appear to increase the risk of developing active T B ;
h o w e v e r, receiving a minimum of 15 mg of prednisone over
2–4 weeks will suppress the tuberculin reaction, and
receiving a mean prednisone dose of 15 to 20 mg/day/year
has been shown to markedly increase the risk of active TB in
a high-prevalence population8. This has led the A m e r i c a n
Thoracic Society to state that the TB risk is “increased” in
patients receiving at least this amount of prednisone or
equivalent for one month or greater9.

Recently the treatment options available for RA and
certain other autoimmune diseases have been substantially
broadened with the arrival of the tumor necrosis factor-α
(TNF-α) inhibitors etanercept and infliximab. While both
drugs have been shown in large trials to be effective in
treating RA, a growing body of data suggests that both are
associated with the development of active TB. That this
should occur is perhaps not surprising given that TNF-α is
central to the host’s ability to control TB infection. The
production of TNF-α by alveolar macrophages has been
shown to be essential in granuloma formation, chemokine
production, leukocyte recruitment, and the killing of intra-
cellular pathogens such as M. tuberculosis10. In mouse
models of TB infection, blocking TNF-α production or
inhibiting binding of TNF-α to its receptor typically results
in an increased burden of organisms, impaired granuloma
formation, and host death11-13.
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Of the 2 agents, the data associating TNF-α inhibition
and active TB are greater for infliximab. On a molecular
level, infliximab binds more avidly to both membrane-
bound and free forms of TNF-α than does etanercept14.
Infliximab has also been shown to cause drug-mediated
apoptosis of macrophages and monocytes15. The available
epidemiologic data also suggest that infliximab use is asso-
ciated with an increased risk of active TB compared to the
general population and that the proportion of extrapul-
monary cases is perhaps higher than predicted3. Finally, the
development of TB typically occurred within the first few
months of infliximab therapy3. Recent abstracts, however,
suggest that etanercept use is also associated with an
increased TB risk, with a similar proportion of extrapul-
monary cases16.

What remains unclear is the magnitude of the increased
TB risk associated with either of these agents. The case
series published to date have relied on passive surveillance,
and hence likely under-represent the true magnitude of the
association. Further, the underlying TB risk factors of T N F -α
exposed and comparator populations, such as receipt of
other immunosuppressive therapy (i.e., corticosteroids),
world region of origin, age, sex, comorbid illness, recent
contact with an active case, and the presence of TB-associ-
ated abnormalities on chest radiograph, have not been well
defined. Given that corticosteroids and patient age and sex
will confound the relationship between RA and TB, these
factors should be controlled in any comparison.

In this issue of The Journal, Carmona, et al report an
increased incidence of active TB in Spanish RA patients
compared to an age and sex-matched Spanish population17.
These researchers surveyed 788 randomly selected patients
from a large cohort of Spanish patients with RAfor the pres-
ence of active TB over a one year study period. Patients
were interviewed and their medical and laboratory records
reviewed. The incidence of TB in the Spanish population
was determined from the Spanish Network of Epide-
miological Surveillance database, which records all
pulmonary and meningeal cases of TB in the country. The
mean TB incidence in the RA cohort was calculated over a
10 year period and standardized for age and sex using the
Spanish population over age 16. The incidence risk ratio of
developing TB at any site in the RAcohort was calculated at
4.13 (95% CI 2.59–6.83), while the incidence risk ratio for
pulmonary disease was 3.68 (95% CI 2.36–5.92). As this
cohort was assembled in 1998–99, this represents the inci-
dence of disease prior to the widespread use of anti-TNF-α
inhibitors. Seventy-two percent of the selected patients,
h o w e v e r, had received other disease-modifying anti-
rheumatic drugs.

These findings are more precise than those reported in a
recent American study. Wolfe, et al calculated the annual
incidence of TB in 10,782 American RA patients to be 6.2
per 100,000 per year, similar to the 6.8 per 100,000 rate

reported for the general US population18. However, only one
case was identified over the 18 month study period,
resulting in wide 95% confidence intervals (0.2 to 34.4 per
100,000), making it difficult to accurately estimate the true
incidence risk ratio.

By actively seeking out TB cases rather than relying on
passive surveillance, the error due to missed cases is likely
less significant in the Carmona study than in previous
studies. Also, the large sample size and relatively increased
tuberculosis rate in the Spanish population versus other
developed countries also allowed for a more accurate esti-
mation of risk. By not using a case-control design, however,
the researchers recognize that they were unable to control
for known TB risk factors other than age and sex. It is thus
impossible to determine the relative risk afforded by the
disease itself versus immunosuppressive therapy (i.e., corti-
costeroids). Further, their calculated rate may over-represent
the true TB incidence rate in patients with RA, as only
pulmonary and meningeal cases are reportable in Spain, yet
all types of TB were recorded in the RA patients. The
authors attempted to correct for this by assuming that 20%
of total TB cases are extrapulmonary. Using this correction,
the incidence risk rate decreased somewhat, yet remained
more than 4-fold higher than the general population.

Despite these limitations, the results presented by
Carmona, et al suggest that a typical population of patients
with RA receiving standard therapy involving different
immunosuppressive drugs, yet excluding TNF-α inhibitors,
are at increased risk for developing active TB. It is inter-
esting that the 4-fold increased risk found by these
researchers is of similar magnitude to the increased risk
attributed to infliximab and possibly etanercept in American
patients3,16. However, as stated, these studies likely underes-
timate the risk afforded by these therapies.

The results of this study suggest that the risk of devel-
oping TB in patients with RA is high enough to warrant
consideration of screening and possible therapy to prevent
TB. While it is difficult to recommend TB screening for all
RA patients, the evidence suggests that patients receiving
prolonged corticosteroids with epidemiologic risk factors
for TB are at increased risk. Such patients should be
screened for latent infection by Mantoux testing and consid-
ered for preventive therapy if positive. Preventive therapy
has been a key component of TB control programs for
almost half a century. The effectiveness of isoniazid has
been confirmed in randomized controlled trials, and can
afford up to 93% protection if complied with for 9 months
or more19. Other preventive therapies are available, and clin-
icians are referred to existing guidelines for details
regarding regimens, monitoring, and possible complications
of therapy9,19.

Patients receiving TNF-α inhibitors are likely at even
greater risk of developing TB. A significant proportion of
patients in this and other immunocompromised populations
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(i.e., HIV infected) may be anergic; however, studies of
anergy testing in HIV positive individuals to aid in the
prevention of TB have failed to show a benefit20. Given that
the relative risk of developing active TB is highest with HIV
coinfection, it is reasonable to assume that anergy testing
would also fail to provide benefit in RA patients receiving
TNF-α inhibitors. Recommendations for the interpretation
of Mantoux skin tests in patients receiving TNF-α inhibitors
have recently been published10. As the probability of anergy
increases, the decision to provide preventive therapy
becomes more reliant on epidemiologic risk factors, and
should be made in consultation with a TB specialist.

As long as a global TB epidemic exists and potent
immunosuppressive therapies are used to treat RAand other
autoimmune diseases, the threat of TB will not fade. By
considering TB prevention early in the management of
patients with RA, active disease can be avoided in the vast
majority of cases.
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