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Objective. To evaluate the causes of new cases of active tuberculosis (ATB) in patients treated with tumor necrosis factor
(TNF) antagonists included in the national registry BIOBADASER (Base de Datos de Productos Biológicos de la Sociedad
Española de Reumatologı́a) after the dissemination of recommendations to prevent reactivation of latent tuberculosis
infection (LTBI).
Methods. Incidence rate of ATB per 100,000 patient-years and 95% confidence intervals (95% CIs) were calculated in
patients entering BIOBADASER after March 2002 and were stratified by compliance with recommendations (complete or
incomplete). ATB rates in BIOBADASER were compared with the background rate and the rate in the rheumatoid
arthritis cohort EMECAR (Estudio de la Morbilidad y Expresión Clı́nica de la Artritis Reumatoide) not treated with TNF
antagonists. In addition, rates of ATB among patients treated with adalimumab, etanercept, and infliximab were
estimated and compared only for treatments started after September 2003, when all 3 drugs became fully available.
Results. Following March 2002, a total of 5,198 patients treated with a TNF antagonist were registered in BIOBADASER.
Fifteen ATB cases were noted (rate 172 per 100,000 patient-years, 95% CI 103–285). Recommendations were fully
followed in 2,655 treatments. The probability of developing ATB was 7 times higher when recommendations were not
followed (incidence rate ratio 7.09, 95% CI 1.60–64.69). Two-step tuberculosis skin test for LTBI was the major failure in
complying with recommendations.
Conclusion. New cases of ATB still occur in patients treated with all available TNF antagonists due to lack of compliance
with recommendations to prevent reactivation of LTBI. Continuous evaluation of recommendations is required to
improve clinical practice.

KEY WORDS. Infliximab; Etanercept; Adalimumab; Tuberculosis; Compliance; Guidelines.

INTRODUCTION

The use of tumor necrosis factor (TNF) antagonists is ac-
companied by an increased risk of active tuberculosis
(ATB). In February 2000, the Spanish Society of Rheuma-
tology (SER) launched an active pharmacovigilance regis-

try of patients treated with TNF antagonists for rheumatic
diseases, named BIOBADASER (Base de Datos de Produc-
tos Biológicos de la Sociedad Española de Reumatologı́a).
The risk of ATB in this registry was reported previously
(1). In February 2002, a collaborative effort between the
SER and health authorities resulted in recommendations
for the screening and treatment of patients with latent
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tuberculosis infection (LTBI) who were going to be treated
with TNF antagonists. The recommendations include 9
months of isoniazid (INH) treatment for patients falling
into one of the following categories: 1) a tuberculin skin
test (TST) result �5 mm or a 2-step TST result �5 mm (if
the first result was �5 mm); 2) a chest radiograph showing
evidence of past tuberculosis; and 3) exposure to ATB or
prior partially treated ATB. The significant impact of these
recommendations was published elsewhere (2). Following
this salient impact, new ATB cases were reported at a
much lower rate. Lack of compliance with recommenda-
tions was identified in some ATB cases, and therefore a
full investigation of all cases registered in BIOBADASER
from February 2002 to date was conducted, with special
attention to the management of ATB risk prior to initiation
of TNF antagonists.

Although the risk of ATB seems to pertain to all 3
available agents, it has been suggested that infliximab and
adalimumab carry a higher risk than etanercept. Neverthe-
less, direct comparison has never been reported. At the
time of our first report (1), all patients with ATB had been
treated with infliximab, which was accessible earlier than
etanercept and adalimumab in our setting. Interestingly,
the most recent ATB cases occur in patients treated with
all 3 antagonists.

The present guidelines for the use of TNF antagonists in
patients with rheumatoid arthritis (RA) proposed by the
SER do not include specific indications for the selection of
one antagonist over another. Therefore, indication for the
use of any TNF antagonist is based on patient and/or
physician preferences. In addition, TNF antagonists are
provided free of charge to all patients by the national
health system in Spain. We believe that the distinct risks
of ATB in this population treated with the different agents
would correspond to a head-to-head comparison rather
than a selection bias in the setting of a homogenous back-
ground and free prescription. In the present report, we
present the results of the investigation of the impact of
compliance with recommendations to prevent reactivation
of LTBI and the comparison of the risk of ATB among
patients treated with adalimumab, etanercept, and inflix-
imab. Participating investigators and centers are listed in
Appendix A.

PATIENTS AND METHODS

A detailed description of BIOBADASER has been previ-
ously published (3) and is also available at http://
biobadaser.ser.es/. In brief, BIOBADASER is a registry
established in February 2000 for active long-term followup
of the safety of biologic response modifiers. The registry,
which is supported by the SER and funded, in part, by the
Spanish Medicines Agency, notes relevant adverse events
occurring during and after treatment.

BIOBADASER registers patients with rheumatic dis-
eases being treated with any of the currently approved
biologic response modifiers, and comprises �50% of this
group of patients in Spain. Patients treated with adali-
mumab, etanercept, infliximab, anakinra, and rituximab
have been included up to the present. The following data

are collected systematically: 1) patient data including sex,
date of birth, diagnosis, and date of diagnosis; 2) data on
treatment, including type, start date, and discontinuation
date together with reason for discontinuation, if applica-
ble; and 3) data regarding adverse events, such as type,
date of occurrence, outcome, comorbid conditions, and
concomitant medication. Starting March 1, 2002, when
recommendations from the SER regarding prevention of
reactivation of LTBI in patients treated with TNF antago-
nists were issued (Figure 1), results from TST, chest radio-
graph, and therapy for LTBI were also registered.

To guarantee confidentiality, BIOBADASER does not
include data that can possibly identify individual patients.
The registry protocol and materials were approved by the
Spanish Medicines Agency, and data regarding patients
are gathered according to the present official regulations
on data protection.

Incompleteness and agreement of data with patient
charts are assessed on site by annual audits of random
samples of 10% of all registered patients. A total of 665
clinical records from 82 centers were reviewed in the last
audit before the present analysis; 14% of the records con-
tained errors. All errors were corrected accordingly, yield-
ing an expected underreporting of 11% of discontinua-
tions or adverse events. Data on 12 centers that did not
report relevant data actively in the last 2 years and that
were detected after random monitoring were censored at
the last valid data entry.

For the purpose of the present analysis, full compliance
was considered when 1) INH treatment was started in
patients with a TST result �5 mm (either the first test or
the retest); 2) INH treatment was started in patients with a
chest radiograph compatible with past tuberculosis; and 3)
TST retest was performed following a negative TST result,
or chest radiograph was performed despite negative TST
and TST retest results. In all other cases, recommendations
were considered to be incompletely followed.

Recording of adverse events is done online. An ATB

Figure 1. Algorithm of recommendations of the Spanish Society
of Rheumatology to prevent active tuberculosis infection in pa-
tients to be treated with tumor necrosis factor antagonists. Shaded
areas indicate where treatment with isoniazid (INH) is recom-
mended. TST � tuberculin skin testing.
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case was considered when Mycobacterium tuberculosis
isolated from any specimen was noted in a patient with an
appropriate clinical picture. When necessary, physicians
who reported a tuberculosis case were questioned regard-
ing the clinical presentation of the patient, results of the
TST, chest radiograph status prior to starting therapy, pre-
vious treatment of LTBI, and concomitant medications at
the time of ATB infection. The incidence rate (IR) of ATB
per 100,000 patient-years and 95% confidence intervals
(95% CIs) were calculated in patients entering BIOBA-
DASER after March 2002 and were stratified by compli-

ance with recommendations (complete or incomplete).
ATB rates in BIOBADASER were compared with the rate
in Spain (4) and the rate in a previously described cohort
of patients with RA not exposed to TNF (5). In any case,
rates were compared to estimate the relative risk of ATB.
Incidence rate ratio (IRR) was calculated as IR of the ex-
posed group divided by IR of the nonexposed group. In
addition, the rate of ATB among patients treated with
adalimumab, etanercept, and infliximab was estimated
and compared only for treatments started after September
2003, when all 3 drugs became fully available.

RESULTS

A total of 5,198 patients were treated with a TNF antago-
nist after March 2002, and 3,088 were treated for the first
time after September 2003.

ATB cases after dissemination of recommendations for
screening and treatment of patients with LTBI to be
treated with TNF antagonists. TST was performed in
4,593 patients (Figure 2), and TST results were �5 mm in
1,012. Of these 1,012 patients, 950 were treated with INH.
Of 950 patients, 1 developed ATB. There was an addi-
tional ATB case among the 56 patients not treated with
INH.

TST retest was performed in 2,196 of the 3,573 patients
(Figure 2) who had a TST result �5 mm, and the TST retest
result was �5 mm in 168 patients. Of these 168 patients,
156 were treated with INH and 12 were not treated. There
was 1 case of ATB in this latter group. Among those 1,377
patients in whom retest was not performed, there were 8
ATB cases.

Chest radiograph was performed in 1,982 of the 2,022
patients with a TST retest result �5 mm (Figure 2). Chest
radiograph showed evidence of prior tuberculosis infec-
tion in 74 patients. Of these, 48 were treated with INH.
There were no cases of ATB in the 74 patients. None of the
patients with normal chest radiograph and TST test result
�5 mm developed ATB. Three cases of ATB also occurred
in 40 patients in whom chest radiograph was not per-
formed.

Eight women and 7 men with ATB (mean � SD age 54 �
15 years and 53 � 15 years, respectively) were registered

Figure 2. Compliance with Spanish Society of Rheumatology rec-
ommendations (February 2002) to prevent active tuberculosis
(ATB) with tumor necrosis factor antagonists. Cases of ATB are
shown in the shaded boxes. TST � tuberculin skin testing; INH �
isoniazid.

Table 1. Evolution of the incidence rate (IR) of active tuberculosis (ATB) per 100,000 patient-years in treatments started before
and after the issue of the recommendations*

Treatment started
Patient-
years Cases IR (95% CI)

IRR vs. general
population
(95% CI)†

IRR vs. RA not exposed
to TNF blockers

(95% CI)‡

Before March 2002 8,671 41 472 (384–642) 19 (11–32) 5.8 (2.5–15.4)
After March 2002-January 2006 8,717 15 172 (103–285) 7 (3–13) 2.4 (0.8–7.2)

100% compliance 4,546 2§ 43 (11–175) 1.8 (0.28–7.1) Undetermined¶
�100% compliance 4,170 13 311 (181–536) 13 (6–25) 4.8 (1.04–44.3)

* IRR � incidence rate ratio; 95% CI � 95% confidence interval; RA � rheumatoid arthritis; TNF � tumor necrosis factor.
† IRR compared with the rate of ATB in the general population of Spain (25 cases per 100,000 [4]).
‡ IRR compared with the rate of ATB in an RA cohort not exposed to TNF antagonists (90 per 100,000 [14]). Only patients with RA are compared.
§ In 1 case recommendations were followed but the patient did not take isoniazid properly. In another case, tuberculin skin testing and retest results
were negative, and the chest radiograph did not show lesions compatible with past tuberculosis.
¶ No cases of ATB occurred among RA patients (5,209 patient-years).
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in BIOBADASER, corresponding to a rate of 172 cases per
100,000 patients-years (95% CI 103–285). Six had active
pulmonary infection, 6 had disseminated infection, and 1
had renal infection. Five patients were hospitalized and no
patients died. The relative rate of ATB compared with the
rate in the general population and the rate in an RA cohort
not exposed to TNF antagonists is shown in Table 1. This
is an update of a previously published table (2) and in-
cludes the rate of ATB stratified by compliance with rec-
ommendations. Recommendations were followed in 2,655
treatments started after March 2002 (51.1). The probability
of developing ATB was 7 times higher when recommen-
dations were not followed (IRR 7.09, 95% CI 1.60–64.69).
The estimate of the risk difference between compliant and
noncompliant groups was 268 (95% CI 88–448).

INH treatment was administered to a total of 1,292 pa-
tients and 16 had a relevant elevation of liver enzymes
leading to discontinuation of the drug. No hospital admis-
sions or deaths secondary to liver toxicity were communi-
cated.

ATB cases by TNF antagonist after September 2003. A
brief description of the patients starting TNF therapy for
the first time after September 2003 stratified by TNF an-
tagonists is shown in Table 2, and the rate of ATB in these
patients stratified by TNF antagonists is shown in Table 3.
There was not a significant difference in the rate of all 3
biologic agents. The statistical power for 2-sample com-
parison to detect differences between infliximab (highest
incidence rate) and etanercept (lowest incidence rate) was
0.2264.

DISCUSSION

In the present study, we investigated the impact of adher-
ence to recommendations on preventing reactivation of
LTBI and compared the risk of ATB among patients treated

with adalimumab, etanercept, and infliximab. We found
that lack of compliance with local recommendations—in
our setting issued in March 2002 by the SER—was associ-
ated with new cases of ATB.

We gathered our data from a voluntary registry, a type of
registry faced with certain limitations. To be reliable, data
must be of high quality (6). The quality of our database is
ensured by a clear definition of its purpose, an optimized
number of variables, and an easy method of data collection
that allows consistency checks. In situ and online audits of
collected data disclose 14% incompleteness, predicted in
a voluntary event-based registry (7). Considering this 14%
incompleteness in our analysis, the lowest IR for the non-
compliant group would be 268.1 (95% CI 149.1–481.8)
and the highest IR for the compliant group would be 50.1
(95% CI 13.7–183.6). These would produce an IRR of
developing ATB for the noncompliant group of 5.346 (95%
CI 1.29–22.21). To improve clinical practice based on sci-
entific evidence, the source of the problem to imple-
mentation of guidelines or recommendations has to be
identified (8). Implementation failures commonly relate to
factors extrinsic to the guidelines; however, intrinsic fac-
tors contribute as well (9–11). In a previous study, we
estimated that in roughly 20% of patients in BIOBA-
DASER, the physician failed to follow recommendations
to manage LTBI, and we wondered about the future impact
of this setback on the rate of new ATB (2). A straightfor-
ward explanation was not identified, although we believed
that the increasing surplus of work represented for these
new therapies was at play. In our study, TST 2-step testing
for LTBI appeared to be the major barrier to complying
with recommendations that have been shown to be effec-
tive. Interestingly, low compliance with guidelines to pre-
vent ATB among patients with human immunodeficiency
virus infection has also been reported, owing also to the
low proportion of persons undergoing a TST (12). Ambi-
guity or softly supported evidences are among the intrinsic
reasons that contribute to failure to follow recommenda-
tions, and this may be the case regarding the recommen-
dations for TST. In schoolchildren, BCG vaccination does
not interfere with diagnostic TST, and TST is a useful tool
in assessing the risk of tuberculosis infection (13–15). Fur-
thermore, the effect of BCG vaccination on positive TST in
adults ages �30 years is probably negligible (16). Also, in
countries with a high prevalence of tuberculosis, positive
TST response and positive retest in adults is caused by
latent tuberculosis rather than previous vaccination (17).
All in all, TST and TST retest seem to be valuable tools for

Table 2. Description of patients treated with tumor necrosis factor antagonists after September 2003*

Infliximab Etanercept Adalimumab

No cases
(n � 1,137)

ATB cases
(n � 5)

No cases
(n � 1,336)

ATB cases
(n � 2)

No cases
(n � 615)

ATB cases
(n � 1)

Age, mean � SD years 49 � 14 68 � 7 51 � 14 48 � 7 54 � 13 59
Men, no. (%) 534 (47) 3 (40) 537 (40) 2 (100) 140 (23) 1
Rheumatoid arthritis, no. (%) 453 (40) 4 (80) 670 (50) 1 (50) 542 (88) 1
Time to develop ATB from treatment start 1.2–8.7 months �2.5 months 1 year, 2 months

* ATB � active tuberculosis.

Table 3. Incidence rate (IR) of active tuberculosis
stratified by tumor necrosis factor (TNF) antagonist after

September 2003*

TNF antagonist Patient-years Cases
IR per 100,000

(95% CI)

Infliximab 1,303 5 383 (159–921)
Etanercept 1,740 2 114 (28–459)
Adalimumab 565 1 176 (24–1,254)

* 95% CI � 95% confidence interval.
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evaluation of tuberculosis in countries with a high preva-
lence rate of ATB. In 8% of the patients in whom 2-step
testing was performed following a negative TST result, the
second test result was positive. In a population such as
ours, with a high background annual rate (25 per 100,000),
this may represent a true prior exposure to Mycobacterium
infection rather than vaccination. Nevertheless, this as-
sumption may be questioned and may hamper our recom-
mendations. Cost-effective alternatives to TST in selected
populations are the interferon-� release assays (18). How-
ever, these tests have not been validated in populations
that are immune compromised by the disease itself or by
medications, as is the case in RA. Validation of this test is
critical in RA and other chronic inflammatory diseases.

Membrane-bound TNF� seems to provide major protec-
tion against Mycobacterium infection in mice models
(19,20). The dissimilar affinity for this membrane-bound
TNF� is proposed to explain the different reported rates of
ATB among TNF antagonists in humans. Monoclonal an-
tibodies have both a higher affinity for membrane-bound
TNF and a larger risk for ATB than does etanercept (21,22).
In our study, there were cases of ATB with all 3 TNF
antagonists; however, taking into account the low power
(0.22) of our work to detect significant differences in the
rates, this issue remains unsettled. We suggest that in
populations at high risk for tuberculosis, similar precau-
tions regarding treatment of patients who are going to be
treated with all 3 available agents should be taken.

In summary, new cases of ATB still occur in patients
treated with all available TNF antagonists due to lack of
compliance with recommendations to prevent reactivation
of LTBI. Continuous evaluation of recommendations is
required to improve clinical practice.
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Study design. Gómez-Reino, Carmona.
Analysis and interpretation of data. Gómez-Reino, Carmona.
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Galeano (Hospital General San Jorge); Mónica Fernández Castro,
Carlos Isasi Zaragoza, Jose Luis Andreu Sanchez (Clinica Puerta
De Hierro); Juan Carlos Vesga Carasa, Eduardo Cuende Quintana
(Hospital Txagorritxu); Carmen Idalgo Tenorio (Hospital Virgen
de Las Nieves); Ma Angeles Matias de La Mano, Isabel Mateo
Bernardo, Patricia Carreira Delgado, Rosa González Crespo (Hos-
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Guarch, Carolina Pérez Garcı́a (Imas. Hosp. de L’Esperança y
Hospital del Mar); Javier Calvo Catalá, Cristina Campos (Hospital
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Casado, Raquel Martin Domenech (Hospital General de Elda);
Trinidad Pérez Sandoval (Hospital Virgen Blanca); Jose Raul
Noguera Pons, Francisco J. Navarro Blasco, Juan Victor Tovar
Beltran (Hospital General Universitario de Elche); Eduardo Rejón
(Hospital Universitario de Valme); Ramon Mazzucchelli, Javier
Quiros Donate, Pedro Zarco Montejo (Hospital Fundacion Alcor-
con); Manuel Rodrı́guez Gómez (Complejo Hospitalario De Ou-
rense); Eduardo Collantes Estevez, M. Carmen Castro Villegas
(Hospital Universitario Reina Sofia); Juan Carlos Cobeta Garcı́a
(Hospital General de Teruel Obispo Polanco); Santiago Benito
Urbina, J. A. López Martı́n, Jose Angel Cabezas Lefler (Complejo
Hospitalario San Millan-San Pedro); Marta Larrosa Padro, Jordi
Gratacos Masmitja, Enrique Casado (Consorci Hospitalari Del Parc

Tauli); Ma Teresa Ruiz Jimeno, Jaime Calvo Alen (Hospital Co-
marcal Sierrallana); Ivan Ferraz Amaro, Tomas Gonzalez Garcia,
Alberto Alvarez Pio (Hospital Universitario de Canarias); Jesus
Ibañez Ruan (Policlinico Vigo, S.A. [Povisa]); Juan Jose Garcia
Borras, Inmaculada Calvo (Hospital La Fe); Elena Ciruelo Monge,
Eva Tomero Muriel, Olga Amengual (Hospital General De Sego-
via); Elena Cuesta (Hospital Virgen de La Luz); Amalia Sánchez-
Andrade Fernández (Hospital Xeral-Calde); Encarnacion Saiz
Cuenca, Jose Galvez Muñoz (Hospital General Morales Meseguer);
Montserrat Centellas (Hospital de Mataró); Jordi Fiter Aresté, Luis
Espadaler Poch (Hospital Son Dureta); Manel Pujol Busquets,
Josep Granados Duran (Hospital Mutua Terrassa); Ma Teresa
Bosque Peralta (Hospital Clı́nico Universitario Lozano Blesa); Lu-
cia Pantoja Zarza, Ma Valvanera Pinillos Aransay (Hospital del
Bierzo); Julia Garcı́a Consuegra, Rosa Merino Muñoz (Hospital
Infantil La Paz); Javier Rivera Redondo, Teresa González Hernán-
dez (Instituto Provincial de Rehabilitacion [IPR]); Vera Ortiz San-
tamarı́a (Hospital Universitari Germans Trias I Pujol); Alfredo
Buisan Aguirre, Carlos Pascual Martı́n-Gamero (Hospital Militar
Universitario Gomez Ulla); Carmen Torres, Montserrat Corteguera
Coro (Hospital Nuestra Señora de Sonsoles); Javier Alegre López,
Bonifacio Álvarez Lario, José Luis Alonso Valdivielso, Julia Fer-
nández Melón (Hospital General Yagüe); Jose Luis Cuadra, F.
Javier Paulino Tevar, Marcos Paulino Huertas (Hospital Nuestra
Señora del Carmen); Xavier Arasa Fava (Hospital de Tortosa);
Jordi del Blanco Barnusell (Hospital Sant Jaume de Calella); Anna
Martinez Cristobal, Pilar Trenor (Hospital de La Ribera); Inmacu-
lada Bañegil (Hospital de Mendaro); Angel Aragón Dı́ez (Hospital
Nuestra Señora del Prado); Angel Garcia Aparicio (Hospital Vir-
gen de La Salud); Emilia Aznar, Ricardo Gutierrez (Hospital Reina
Sofia); Maria Francisca Pina Perez (Hospital Rafael Mendez);
Miquel Angel Belmonte Serrano, Juan Beltran Fabregat, Juan Jose
Lerma (Hospital General de Castellon); Jose Manuel Rodrı́guez
Heredia, Angel Gallegos Cid, Jesús Garcia Arroba Muñoz, Miguel
Cantalejo Moreira (Hospital Universitario de Getafe); Alberto
Alonso Ruiz, Esther Uriarte Itzazelaia (Hospital de Cruces); Mau-
ricio Minguez Vega, Gaspar Panadero Tendero (Hospital San Juan
de Alicante); Miguel Angel Abad Hernandez, Maria Torresano
Andres (Hospital Virgen del Puerto); Francisco Perez Torres (Hos-
pital General de Requena); Ana Urruticoechea Arana (Hospital
Can Misses de Ibiza); Dolors Boquet Estruch (Hospital Arnau de
Vilanova); Jose Ivorra Cortes (Hospital General de Onteniente y
Lluis Alcanyis de Xátiva); Antonio Juan Mas, Inmaculada Ros
Vilamajó (Fundación Hospital Son Llàtzer); Cristina Medrano Le
Quement (Hospital Internacional Medimar); Alfonso Corrales
Martinez (Hospital Comarcal de Laredo); Jenaro Graña Gil (Hos-
pital Santa Teresa); Saul Mario Gelman Aizen (Hospital General
de Manresa); Eugenio Chamizo Carmona (Hospital General de
Merida); Gaspar Pérez Lidon, Manuel Tenorio Martı́n (Hospital
del Insalud Ceuta); Jose Carlos Rosas Gomez de Salazar, Gregorio
Santos Soler (Hospital del S. V. S. de Villajoyosa); Cristina
Hidalgo Calleja (Hospital de La Santisima Trinidad); Jaime Fer-
nandez Campillo, Rocio Gonzalez Molina (Hospital del S. V. S.
Vega Baja); Victor Eliseo Quevedo Vila (Hospital Comarcal de
Monforte); Juan Pablo Valdazo De Diego (Hospital General Virgen
de La Concha); Isabel Rotes Mas (Hospital de San Rafael); Roser
Tuneu Valls (Centre Hospitalari Manresa); Gerardo Iglesias De La
Torre (Hospital General Rio Carrion); Josep Pujol (Hospital de
Sant Pau I Santa Tecla).
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