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A B S T R A C T

Background and objectives: Whether the use of tumor necrosis factor antagonists increases the risk of

infection remains a subject of open debate. Developing effective strategies of prevention and empirical

treatment entails carefully establishing the etiology and prognosis of the infections.

Patients and methods: Analysis of the Spanish registry BIOBADASER (Feb-2000 to Jan-2006), a national

drug safety registry of patients with rheumatic diseases.

Results: 907 episodes of infection occurring in 6,969 patients were analyzed. The infection incidence

observed was 53.09 cases/1,000 patients-years (CI 95% 49.69-56.66). The most frequent infections were

skin infection (12.18 cases/1,000 patients-yrs), pneumonia (5.97 cases/1,000 patients-yrs), cystitis (3.92

cases/1,000 patients-yrs), tuberculosis (3.51 cases/1,000 patients-yrs) and arthritis (3.76 cases/1,000

patients-yrs). Staphylococcus aureus, Staphylococcus epidermidis, Escherichia coli, Pseudomonas aeruginosa

and Salmonella spp. emerged as important pathogens. Varicella zoster virus and Herpes simplex virus

caused most cases of viral infections. Mucocutaneous candidiasis accounted for most fungal infections.

Mortality was increased in infected patients (log-rank test p < 0.0001). Pneumonia, sepsis, tuberculosis,

abdominal infection and endocarditis were associated with significant attributable mortality.

Conclusions: A significant number of bacterial, viral and fungal infections occurred in patients with

rheumatic diseases treated with TNF antagonists. The information of this study can illuminate clinicians

globally on how to address infection in this vulnerable group of patients.

� 2010 Elsevier España, S.L. All rights reserved.

Infecciones en pacientes tratados con antagonistas del factor de necrosis tumoral:
incidencia, etiologı́a y mortalidad en el registro BIOBADASER

R E S U M E N

Fundamento y objetivo: El aumento del riesgo de infección en la utilización de los antagonistas del factor

de necrosis tumoral (TNF) sigue siendo un tema de debate abierto. El desarrollo de estrategias eficaces de

prevención y tratamiento empı́rico implica establecer la etiologı́a y el pronóstico de las infecciones.

Pacientes y métodos: Análisis del registro español BIOBADASER (febrero 2000 a enero 2006), un registro

de terapias biológicas en pacientes con enfermedades reumáticas.

Resultados: En los 6.969 pacientes registrados a la fecha del análisis, se produjeron 907 episodios de

infección. La incidencia de infección observada fue de 53,09 casos/1.000 pacientes-año (IC 95% 49,69-

56,66). Las infecciones más frecuentes fueron las de piel (12,18 casos/1.000 pacientes-año), neumonı́a

(5,97 casos/1.000 pacientes-año), cistitis (3,92 casos/1.000 pacientes-año), tuberculosis (3,51 casos/

1.000 pacientes-año) y articulares (3,76 casos/1.000 pacientes-año). Emergen como patógenos

importantes Staphylococcus aureus, Staphylococcus epidermidis, Escherichia coli, Pseudomonas aeruginosa
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^ See Appendix A for a list of the BIOBADASER Study Group members.

0025-7753/$ – see front matter � 2010 Elsevier España, S.L. All rights reserved.

doi:10.1016/j.medcli.2010.11.032

http://dx.doi.org/10.1016/j.medcli.2010.11.032
mailto:selvahya@yahoo.es
www.elsevier.es/medicinaclinica
http://dx.doi.org/10.1016/j.medcli.2010.11.032


y Salmonella spp. El virus de la varicela zóster y el virus del herpes simple causaron la mayorı́a de los

casos de infecciones virales con germen identificable. La candidiasis mucocutánea fue la más frecuente

entre las infecciones fúngicas. La mortalidad fue mayor en los pacientes infectados (p-log-

rank < 0,0001). La aparición de una neumonı́a, sepsis, tuberculosis, infección abdominal y endocarditis

se asociaron significativamente con la mortalidad.

Conclusiones: Un número significativo de infecciones bacterianas, vı́ricas y fúngicas se produjeron en

pacientes con enfermedades reumáticas tratadas con antagonistas del TNF. La información de este

estudio puede suponer un avance para la medicina sobre cómo tratar la infección en este grupo

vulnerable de pacientes.

� 2010 Elsevier España, S.L. Todos los derechos reservados.
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Introduction

Biological agents, including tumor necrosis factor (TNF)
antagonists, are used to control some rheumatic and autoimmune
diseases.1–4 There is evidence that some rheumatic patients exhibit
a high incidence of infectious complications.5–7 Although clinical
trials and post-market experience have demonstrated the security
of TNF antagonists,8 some cohort studies have exposed an
additionally increased risk with the use of TNF antagonists,9–11

particularly in regard to diseases caused by intracellular micro-
organism.12–17

The primary aim of this study was to characterize the incidence,
etiology and prognosis of infectious complications associated with
TNF antagonists use in rheumatic patients analyzing a registry of
adverse events (BIOBADASER). Such data could be used to dictate
prevention policies and empirical treatment recommendations
pending microbiological diagnosis.

Material and methods

Population

The BIOBADASER cohort was described in previous papers.18–20

The registry protocol and materials of BIOBADASER are available at
http://biobadaser.ser.es/biobadaser/eng/index.html and were
approved by the Ethics Review Committee (ERC) of the Hospital
Ramon y Cajal (Madrid). Essentially, BIOBADASER is a drug safety
registry started in February 2000, which monitors rheumatic
patients treated with biological agents in one hundred Spanish
health centres. For the objective of this study, only patients treated
with TNF antagonists were analysed. The information was
obtained in accordance with Spanish regulations on personal data
protection currently in force. Treatment changes and any relevant
adverse effects —including infections— observed during follow-up
were recorded.

Patients entering the registry are followed prospectively
and evaluated at the time an adverse event (AE) or a change in
the biological therapy occurs. The recorded data included
patient gender, birth date, baseline disease, diagnosis date,
treatment type, and treatment start and end dates. Recorded
items related with adverse effects included the appearance date,
type and class as per the Medical Dictionary for Regulatory
Activities (MedDRA),21 outcome, concomitant treatment and
comorbidity.

All participating centres were constantly asked to supply an
updated record of their patients in the cohort. Also, a yearly audit of
a 10% random sample was conducted in those centers with more
than 20 patients included in the database. Data of centers that did
not notify relevant data actively in the last two years detected after
random monitoring were censored at the last valid data entry. This
study was performed on those patients included in the database
until January 2006.
Tuberculosis prevention

From March 2002, patients falling in any of the following
categories were given 300 mg/d isoniazid for a minimum of 9
months in order to treat latent tuberculosis infections: (a) a history
of untreated or only partially treated tuberculosis; (b) chest X-ray
showing tuberculosis residual changes; (c) skin reaction to the
purified protein derivate (PPD) � 5 mm induration, whether
initially or in a second test performed 7-10 days after the first.
Interested readers can find further details in a previous paper19 and
in the Clinical Practice Guideline for Rheumatoid Arthritis
(GUIPCAR), which is available at the Spanish Society of Rheuma-
tology website (http://www.ser.es/practicaClinica/GUIP-
CAR_2007/Menu0_Principal.php).

Definition of infection

For the purpose of this study, infections were defined according
to the well-known criteria of the Centers for Disease Control
(CDC).22 Thus, for example, the diagnosis of dengue was based on
positive serology and a compatible clinical picture, whereas that of
brucellosis required either the isolation of Brucella spp. or positive
serology as determined by agglutination or ELISA. Infectious
mononucleosis was defined by the presence of positive heterophil
antibodies in the presence of a compatible clinical picture.
Prosthetic joint infection was defined clinically and only related
to a specific etiological agent if isolated from aspiration or biopsy,
but not from fistulae. Finally, mycobacteriosis was assumed if
mycobacteria were isolated in significant samples from patients
with a compatible clinical picture.

BIOBADASER database included relevant AE (serious and non-
serious). A infection was considered relevant when resulted in
death, was life-threatening, required inpatient hospitalisation or
resulted in prolongation of existing hospitalisation, resulted in
persistent or significant disability/incapacity, or was considered
medically important according to the treating physician.23

Statistical analysis

Time of exposure is considered from the beginning of therapy
with a TNF-antagonist to date of the last administration plus twice
the half-life of the TNF-antagonist (three days for etanercept, two
months for infliximab, and 14 days for adalimumab). Patients
were censored either at the time of their last valid entry, the date
they were lost to follow-up or that of database download,
whichever occurred first. All treatment cycles were included in
the analysis.

Continuous variables were expressed as mean with standard
deviation (sd). The infection incidence rate per 1,000 patients per
year of exposure and its 95% confidence level (95% CI) were
calculated. The time to infection was expressed as the median
month plus the 25 and 75 percentiles (P25-75) from treatment start
to infection.
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Mortality was considered attributable to infection when it was
not controlled at time of death. Kaplan-Meier survival curves and
the log-rank test were used to compare differences between
survival time in patients with a history of infection and in those
with none.

Results

Description of the studied population

BIOBADASER included 8,201 starts with TNF antagonist in 6,969
patients, 65% female, mean age 50 (sd = 14). A total of 4,459 (64%)
had rheumatoid arthritis, 896 (13%) ankylosing spondylitis, 822
(12%) psoriatic arthritis, 245 (4%) undifferentiated spondyloar-
thropathy, 212 (3%) juvenile idiopathic arthritis, and 5% other
rheumatic diseases. Infliximab was used in 4,525 (55%), etanercept
in 2,595 (32%), adalimumab in 1,081 (13%). The mean time of
exposure was 2.4 (1.6) yr, median 2.1 (P25-75: 1.0-3.6).

Incidence rate and timeline of infections

Of the 6,969 rheumatic patients in the BIOBADASER, 706 (10%)
exhibited a total 907 infections. The overall estimated infection
rate was 53.09 cases per 1,000 patient-yrs (95% CI: 49.69-56.66).
Such a rate was 85.3 cases/1,000 patient-yrs (95% CI: 72.3-100.7)
during the first 90 days of treatment and 75.5 cases/1,000 patient-
yrs (95% CI: 66.4-85.7) during the first 180 days. The median time
Table 1
Frequency, incidence, time of presentation and mortality of 907 infections reported in

Syndrome n (%) Incidence per 1,000 pa

Total reported infections 907 53.09 (49.69-56.66)

Skin and soft tissue 215 (23.7) 12.59 (10.96-14.39)

Skin 208 (96.7) 12.18 (10.58-13.95)

Soft tissue 7 (3.3) 0.41 (0.16-0.84)

Upper respiratory airways 186 (20.5) 10.89 (9.38-12.57)

Upper airways 165 (88.7) 9.66 (8.24-11.25)

Sinusitis 12 (6.5) 0.70 (0.36-1.23)

Otitis 9 (4.8) 0.53 (0.24-1.00)

Lower respiratory airways 161 (17.8) 9.48 (8.08-11.06)

Pneumonia 101 (63.0) 5.97 (4.87-7.25)

Bronchitis 60 (37.0) 3.51 (2.68-4.52)

Urinary tract 89 (9.8) 5.21 (4.18-6.41)

Cystitis 67 (75.3) 3.92 (3.04-4.98)

Pyelonephritis 19 (21.4) 1.11 (0.67-1.74)

Prostatitis 3 (3.4) 0.18 (0.04-0.51)

Osteoarticular 65 (7.2) 3.81 (2.94-4.85)

Arthritis 47 (72.3) 2.75 (2.02-3.66)

Osteomyelitis 12 (18.5) 0.70 (0.36-1.23)

Prosthetic joint infection 6 (9.2) 0.35 (0.13-0.76)

Central nervous system 6 (0.7) 0.35 (0.13-0.76)

Meningitis 4 (66.7) 0.23 (0.06-0.60)

Brain abscess 2 (33.3) 0.12 (0.01-0.42)

Miscellaneous 185 (20.4) 10.83 (9.33-12.51)

Tuberculosis 60 (32.4) 3.51 (2.68-4.52)

Gastroenteritis 30 (16.2) 1.76 (1.18-2.51)

Stomatitis 19 (10.3) 1.11 (0.67-1.74)

Oral phlegmon 17 (9.2) 1.00 (0.58-1.59)

Sepsis of unknown origin 14 (7.6) 0.76 (0.41-1.30)

Intra-abdominal 12 (6.5) 0.70 (0.36-1.23)

Genital 12 (6.5) 0.70 (0.36-1.23)

Eye 7 (3.5) 0.41 (0.16-0.84)

Hepatitis 5 (2.7) 0.29 (0.10-0.68)

Endocarditis 4 (2.2) 0.23 (0.06-0.60)

Brucellosis 2 (1.1) 0.12 (0.01-0.42)

Dengue 1 (0.5) 0.06 (0.00-0.33)

Infectious mononucleosis 1 (0.5) 0.06 (0.00-0.33)

Unknown 1 (0.5) 0.06 (0.00-0.33)
to first infection from start of the TNF antagonist was 8 months
(P25-75: 3-17). The incidence and mortality of each particular
infection is shown in table 1.

Etiology of infections

A microbiological diagnosis was obtained for 371 infections
(41%) (table 2). Bacteria were the most frequent microorganisms
(45%), which exhibited a balanced distribution between gram-
positive and gram-negative bacteria. Varicella zoster virus (VZV),
Herpes simplex virus (HSV) and Cytomegalovirus in combination
accounted for 91% of all virus isolates. Candida albicans was behind
70% of all fungal infections.

Table 3 shows the etiology of the different infections where
more than 40% of etiology was known. As it can be seen, skin
infections were caused largely by VZV and Staphylococcus aureus.

Majority of infections of the upper respiratory airways had no
confirmed etiology (157/165), but there were individual rare cases
caused by Haemophilus influenza (3/165), followed by Pseudomonas

aeruginosa (2/165). Stomatitis occurred mostly as oropharyngeal
candidiasis or herpetic stomatitis. We observed a case of Listeria

endopthalmitis in a patient with negative blood cultures at the
time of diagnosis and a case of severe VZV keratitis.

Infections of the lower respiratory airways included pneumo-
nia and bronchitis. The etiology of pneumonia was identified in
only 24% (25/101) cases. Bacterial pneumonia was caused mainly
by S. aureus (5/101) and Legionella spp. (5/101), Streptococcus
patients treated with tumor necrosis factor antagonist at BIOBADASER database

tient-yr (95% CI) Median months (P25-75) Mortality, n (%)

8 (3-17) 28 (3)

9 (3-17) 0 (0)

12 (4-22) 0 (0)

6 (3-12) 1 (1)

16 (6-22) 0 (0)

10 (5-17) 0 (0)

8 (3-21) 9 (9)

8 (5-18) 0 (0)

7 (3-17) 0 (0)

14 (8-17) 0 (0)

7 (2-12) 0 (0)

6 (2-18) 1 (2)

7 (5-14) 1 (8)

8 (5-20) 0 (0)

24 (11-33) 0 (0)

0 (0-0) 1 (50)

5 (3-18) 4 (7)

6 (2-10) 0 (0)

7 (3-9) 0 (0)

14 (4-23) 0 (0)

6 (4-12) 6 (43)

4 (4-10) 3 (25)

3 (3-9) 0 (0)

5 (3-23) 0 (0)

6 (0-28) 0 (0)

25 (2-35) 2 (50)

15 (4-26) 0 (0)

23 (23-23) 0 (0)

4 (4-4) 0 (0)

10 (10-10) 0 (0)



Table 2
Frequency, time of presentation and mortality of 371 pathogens reported at the

BIOBADASER database

Microorganism Cases (%) Median (P25–P75)

(month)

Mortality,

n (%)

Gram-positive bacteria 87 (23.5) 4 (4.6)
Staphylococcus aureus 56 (64) 7 (2-18) 2 (4)

Staphylococcus epidermidis 11 (13) 5 (2-25) 1 (10)

Streptococcus pyogenes 6 (7) 14 (13-23) 1 (20)

Listeria monocytogenes 4 (5) 17 (7-30) 0 (0)

Streptococcus pneumoniae 4 (5) 7 (1-19) 0 (0)

Streptococcus agalactiae 3 (3) 4 (3-6) 0 (0)

Streptococcus bovis 2 (2) 5 (5-5) 0 (0)

Clostridium difficile 1 (1) 0 (0-0) 0 (0)

Gram-negative bacteria 82 (22.1) 4 (4.9)
Escherichia coli 32 (39) 7 (4-14) 0 (0)

Pseudomonas aeruginosa 12 (15) 8 (3-15) 2 (20)

Salmonella spp. 10 (12) 5 (2-13) 1 (13)

Haemophilus influenzae 6 (7) 6 (3-10) 0 (0)

Legionella spp. 5 (6) 28 (6-45) 1 (25)

Proteus mirabilis 5 (6) 12 (10-23) 0 (0)

Serratia marcenses 2 (2) 38 (38-38) 0 (0)

Klebsiella pneumoniae 2 (2) 11 (1-22) 0 (0)

Brucella spp. 2 (2) 15 (4-26) 0 (0)

Citrobacter freundii 1 (1) 3 (3-3) 0 (0)

Morganella morgagni 1 (1) 0 (0)

Yersinia enterocolitica 1 (1) 16 (16-16) 0 (0)

Neisseria meningitidis 1 (1) 31 (31-31) 0 (0)

Providencia retgeri 1 (1) 0 (0)

Pseudomonas putrida 1 (1) 1 (1-1) 0 (0)

Viruses 117 (31.5) 0 (0)
Varicella zoster 80 (68) 8 (4-17) 0 (0)

Herpes simplex 22 (19) 3 (3-13) 0 (0)

Cytomegalovirus 5 (4) 8 (8-17) 0 (0)

Hepatitis C 3 (3) 17 (17-28) 0 (0)

Hepatitis B 2 (2) 0 (0-0) 0 (0)

Epstein Barr 1 (1) 4 (4-4) 0 (0)

Dengue 1 (1) 23 (23-23) 0 (0)

Pox 1 (1) 4 (4-4) 0 (0)

Papilloma 1 (1) 15 (15-15) 0 (0)

Influenzae A 1 (1) 22 (22-22) 0 (0)

Mycobacteria 60 (16.2) 4 (6.6)
Mycobacterium tuberculosis 59 (98) 5 (3-17) 4 (7)

Atypical mycobacteria 1 (2) 38 (38-38) 0 (0)

Fungi 23 (6.2) 1 (4.3)
Candida albicans 16 (70) 7 (2-10) 0 (0)

Aspergillus fumigatus 4 (17) 31 (31-31) 1 (33)

Malassezia furfur 2 (9) 11 (7-14) 0 (0)

Pitirosporum ovale 1 (4) 30 (30-30) 0 (0)

Parasites 2 (0.5) 0 (0)
Leishmania spp. 2 (100) 16 (16-16) 0 (0)

This table shows only the pathogens that were reported or identified by the

investigators. Not all infections were microbiologically diagnosed.
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pneumoniae (3/101) and P. aeruginosa (2/101). Viral pneumonia
was caused mainly by Cytomegalovirus (3/101), and fungal
pneumonia by Aspergillus fumigates (4/101). Finally, bronchitis
was most often due to gram-negative bacteria (particularly
P. aeruginosa and H. Influenza [6/60]).

Cystitis was caused mainly by Escherichia coli, Proteus mirabilis

and Klebsiella pneumoniae. Pyelonephritis was caused largely by E.

coli, S. aureus and P. mirabilis. Genital infections were of fungal (C.

albicans) or viral (HSV, Papillomavirus) origin.
There were 59 cases of tuberculosis (M. tuberculosis) and 1 of

atypical mycobacteria (Mycobacterium avium-intracelulare). The
incidence of tuberculosis was reduced by 78% by a prophylactic
treatment with isoniazid in March 2002; thus, it fell from
522 cases/105 patient-yrs (IC 95% 369-738) in March 2002 to
only 117 cases/105 patient-yrs in 2006 (IC 95% 29-470).19

All cases of arthritis and osteomyelitis were due to bacteria
(particularly S. aureus). Salmonella spp. emerged as a cause of
osteomyelitis. All prosthetic infections were due to gram-positive
bacteria (S. aureus and Staphylococcus epidermidis [2/6]).

Salmonella spp. and Cytomegalovirus emerged as causes of
gastroenteritis. Two cases of intra-abdominal infections were
caused by Listeria monocytogenes and Providencia retgeri, respec-
tively. Viral hepatitis was caused by Hepatitis C and Hepatitis B
virus.

Non-focal sepsis due to known pathogens exhibited a high
frequency and was largely due to E. coli and S. aureus. Salmonella

spp. emerged as a cause of endocarditis.

Mortality

Attributable mortality was 3% (28 cases). Mortality according to
infection and etiology is shown in tables 1 and 2. Figure 1 shows
the survival curves for the BIOBADASER cohort depending on
whether the patient presented an infection or not during follow-up
(log-rank test p < 0.0001).

Discussion

There is a debate whether TNF blockers increase the risk of
infection.11,24 Although randomized studies have shown that they
provide clinical benefits without major complications, some post-
marketing studies indicate that they could increase the risk of
infection. The overall incidence of infections in the BIOBADASER
cohort (53.09/1,000 patient-yrs) was similar to those observed in
other studies such as those of Listing et al (64/1,000 patient-yrs)9

or Dixon et al (53.20/1,000 patient-yrs).10

It is also important that, when a relevant infection occurs, it has
an impact on mortality. Based on our results, mortality was higher
among infected patients; this conclusion, however, should be
taken cautiously since our mortality analysis included all reported
«relevant infections», whether severe or mild.25 The particular
infectious syndromes associated with significant mortality
included pneumonia, sepsis, tuberculosis, abdominal infection
and endocarditis.

A potential increased risk of infection will not restrict the use of
these drugs wherever they are indicated. Consequently it seems
reasonable to develop a consensus on prevention and empiric
treatment of infections in patients treated with anti-TNF
antagonists. Accordingly, the essential objective of this study
was to describe the reported infections for developing effective
strategies on prevention and empirical treatment based on the best
scientific knowledge.

Clinicians taking care of patients treated with TNF antagonists
should be aware of skin infections. Other studies had provided
similar results.9,10,26–28 Skin infections by HSV and VZV resulted in
substantial morbidity. It would be interesting to determine the
potential efficacy of appropriate prophylactic measures. As
occurred in the general population, gram-positive microorganisms
are frequently involved in bacterial cellulitis; therefore, the
empirical therapy should be aimed at it.

As occurs in other immunosuppressed patients, stomatitis is
usually caused by Candida albicans or HSV; therefore, the clinical
observation of oral lesions should guide the treatment.

Pneumonia is a very important complication since it was
related with a relevant mortality (9%) that could be reduced by an
early and appropriate empirical treatment. As occurs with the rest
of infections in this study, the fact that we have not applied the
same prospective protocol to diagnose all cases of pneumonia,
identifying the etiology in only 23% of cases, may restrict our
conclusions. The microorganisms that were identified as cause of
pneumonia were typical of immunocompromised patients (parti-
cularly S. aureus, Legionella spp., S. pneumoniae, P. aeruginosa,
Cytomegalovirus and A. fumigatus). This confirms that pneumonia



Table 3
Known etiology (> 40%) of reported infections at BIOBADASER database

Infections, n (%) Skin Mouth Cystitis Pyelonephritis Genital Arthritis Bone Gastroenteritis Sepsis Meningitis CNS abscess Endocarditis

Etiology: unknown 81 (38.9) 4 (21.1) 38 (56.7) 8 (42.1) 3 (25) 18 (38.3) 7 (58.3) 18 (60) 5 (38.5) 1 (25) 1 (50) 1 (25)

Etiology: known 127 (61.1) 15 (78.9) 29 (43.3) 11 (57.9) 9 (75) 29 (61.7) 5 (41.7) 12 (40) 8 (61.5) 3 (75) 1 (50) 3 (75)

Citrobacter freundii 1 (1.5)

Clostridium difficile 1 (3.3)

Escherichia coli 1 (0.5) 21 (31.3) 7 (36.8) 2 (15.4)

Klebsiella pneumoniae 2 (3)

Leishmania spp. 2 (1)

Listeria monocitogenes 1 (7.7) 1 (25)

Morganella morgagni 1 (1.5)

Neisseria meningitidis 1 (25)

Proteus mirabilis 3 (4.5) 2 (10.5)

Pseudomonas aeruginosa 2 (1) 1 (2.1) 1 (7.7)

Salmonella spp. 1 (8.3) 6 (20) 2 (50)

Serratia marcenses 1 (0.5) 1 (2.1)

Staphylococcus aureus 20 (9.6) 1 (5.3) 2 (10.5) 19 (40.4) 4 (33.3) 2 (15.4) 1 (25) 1 (50)

Staphylococcus epidermidis 2 (1) 4 (8.5) 1 (25)

Streptococcus agalactiae 2 (4.3) 1 (7.7)

Streptococcus bovis 1 (1.5) 1 (7.7)

Streptococcus pyogenes 4 (1.9) 2 (4.3)

Yersinia enterocolitica 1 (3.3)

Cytomegalovirus 2 (6.7)

Herpes simplex virus 12 (5.8) 6 (31.6) 2 (16.7) 1 (3.3)

Papilloma virus 1 (8.3)

Pox virus 1 (8.3)

Varicella zoster 78 (37.5)

Candida albicans 2 (1) 8 (42.1) 5 (41.7) 1 (3.3)

Malassezia furfur 2 (1)

Pitirosporum ovale 1 (0.5)
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Figure 1. Survival curves for patients on tumor necrosis factor antagonists as a function of whether they developed some infection during follow-up (log-rank p < 0.0001).
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constitutes a serious disease in this particular population
indicating that it should be managed as pneumonia «associated
with medical care».29–31 The policy of vaccination against S.

pneumoniae and H. influenzae should be revised.
Tuberculosis is known to be important in patients under

biological therapy.15,32,33 Our results confirm previously reported
data and suggest that it may be associated with substantial
mortality (7%). We should stress that isoniazid prophylaxis can
dramatically decrease its incidence.19,34,35 Our patients also
exhibited other opportunistic granulomatous infections such as
listeriosis, brucellosis and aspergillosis. The mechanism by which
TNF-alpha blocking can alter the granulomatous response has been
widely documented.16,17,36

In our study sepsis was related with significant mortality (43%)
stressing the need to implement the management recommenda-
tions of the Sepsis Surviving Campaign.37 The empirical treatment
should be early and both, gram-positive and gram-negative
bacteria, must be covered.

Salmonella spp. emerged as a significant pathogen. Our results
confirm the importance of intracellular bacterial infections in
patients treated with TNF antagonists.11,38,39 It flags investigators
in the field to look how immunity against these organisms might
well be influenced by TNF blockade.

We should note that S. aureus caused one-third of all bacterial
infections. The importance of this microorganism was previously
noted by other authors.40,41 In centers with high incidence of
methicillin-resistant S. aureus (MRSA) the utility of detecting nasal
carriages in order to be decolonized with nasal mupirocin and
clorhexidine washing should be explored.

In other immunosuppressed individuals such as transplanted
patients, infections appear according to a well-defined timing,
which facilitates their diagnosis and empirical treatment. This was
not observed in our patients.

Our study has important limitations. It lacks internal compara-
tors for infectious disease rates. It described «relevant infections»
that include serious and less serious infections. Although we did a
great effort to reduce the underreporting, it can occur in a registry
based in case reporting. The study of the aetiology of infection did
not follow the same protocol in all patients. It was only identified in
23% of the cases. There can be differences in assessing the
underlying organisms. Infections diagnosed by clinical features –as
it is the case with Candida as causing organism of genital or oral
infections– are easily detected. Some other organisms can only be
detected with complex microbiologic studies and could be
underdetected.

In conclusion a significant number of bacterial, viral and fungal
infections occurred in patients with rheumatic diseases treated
with TNF antagonists. Clinicians taking care of these patients
should be aware of the infections reported in this study. We think
that the information of this report can illuminate clinicians
globally on how to address infection in this vulnerable group.
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Appendix A

Agustı́ Sellas, Basilio Rodrı́guez y Mireia Barceló (Ciudad
Sanitaria Vall d’Hebron); Laura Cebrián, Marı́a Montoro (Hospital
Gregorio Marañón); Dolores Montesinos (Hospital Universitario
Virgen Macarena); Eva Pérez-Pampı́n (Hospital Clı́nico Universi-
tario de Santiago); Paloma Vela (Hospital General Universitario de
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Ana Marı́a Ortiz, Eva Tomero (Hospital Universitario de La
Princesa); Paloma Abreu, Isabel Granados (Hospital Ramón y
Cajal); Francisco Javier Manero Ruiz, Chesús Beltrán, Eugenio
Giménez Úbeda, Fernando Jiménez Zorzo, Jesús Marzo, Marta
Medrano, Ángela Pecondó (Hospital Universitario Miguel Servet);
Marı́a Victoria Hernández, Raimon Sanmartı́, Juan D. Cañete
(Hospital Clinic i Provincial); Carlos Rodrı́guez Lozano, Antonio
Naranjo, Soledad Ojeda, Félix Francisco Hernández, Celia Eraus-
quin, Íñigo Rúa (Hospital de Gran Canaria Dr. Negrı́n); Inmaculada
Ureña, Marı́a Victoria Irigoyen, Laura Cano (Hospital General
Carlos Haya); Ana Cruz Valenciano, Manuel Crespo Echeverria,
Félix Cabero del Pozo (Hospital Severo Ochoa); Luis Francisco
Linares (Hospital Virgen de la Arrixaca); Rosa Roselló Pardo, Carlos
Vázquez Galeano (Hospital General San Jorge); Juan Carlos Vesga,
Eduardo Cuende (Hospital Txagorritxu); Carmen Idalgo Tenorio
(Hospital Virgen de las Nieves); Alexia de Juanes, Beatriz Joven,
Javier Garcia (Hospital 12 de Octubre); Delia Reina (Hospital de
Bellvitge Princeps D’Espanya); Manuel Fernández Prada (Hospital
General Universitario de Guadalajara); Joan Maymo Guarch (Imas.
Hospital de L’Esperança y Hospital del Mar); Javier Calvo, Cristina
Campos (Hospital General Universitario de Valencia); Isabel Ibero
Dı́az, Vega Jovani Casado, Cristina Fernández Carballido (Hospital
General de Elda); Trinidad Pérez Sandoval (Hospital Virgen
Blanca); José Raúl Noguera Pons (Hospital General Universitario
de Elche); Eduardo Rejón (Hospital Universitario de Valme);
Raquel Almodóvar (Hospital Fundación Alcorcón); Manuel
Rodrı́guez Gómez (Complejo Hospitalario de Ourense); Eduardo
Collantes Estévez, Marı́a Carmen Castro Villegas (Hospital
Universitario Reina Sofı́a); José Ángel Cabezas Lefler (Complejo
Hospitalario San Millán-San Pedro); Marta Larrosa Padro, Jordi
Gratacos Masmitja, Enrique Casado (Consorci Hospitalari del Parc
Tauli); Marı́a Teresa Ruiz Jimeno, Jaime Calvo Alen (Hospital
Comarcal Sierrallana); Marı́a Ángeles Mora (Hospital Universi-
tario de Canarias); Jesús Ibáñez Ruan (Policlı́nico Vigo, S.A.
[Povisa]); Juan José Garcı́a Borrás, Rosa Negueroles, Luisa Muñoz,
J.L. Valero, D. Ybáñez (Hospital La Fe); Eva Tomero Muriel
(Hospital General de Segovia); Amalia Sánchez-Andrade Fernán-
dez (Hospital Xeral-Calde); Encarnación Saiz Cuenca (Hospital
General Morales Meseguer); Montserrat Centellas (Hospital de
Mataró); Jordi Fiter Aresté, Luis Espadaler Poch (Hospital Son
Dureta); Lucı́a Pantoja, Marı́a Valvanera Pinillos (Hospital del
Bierzo); Julia Garcı́a Consuegra, Rosa Merino (Hospital Infantil La
Paz); Javier Rivera, Teresa González Hernández (Instituto Pro-
vincial de Rehabilitacion [IPR]); Vera Ortiz (Hospital Universitari
Germans Trias i Pujol); Carmen Torres, Montserrat Corteguera
(Hospital Nuestra Señora de Sonsoles); Javier Alegre (Hospital
General Yagüe); Xavier Arasa (Hospital de Tortosa); Jordi del
Blanco Barnusell (Hospital Sant Jaume de Calella); Anna Martı́nez
Cristóbal (Hospital de La Ribera); Inmaculada Bañegil (Hospital de
Mendaro); Ángel Garcı́a Aparicio (Hospital Virgen de la Salud);
Emilia Aznar (Hospital Reina Sofı́a); Marı́a Francisca Pina
(Hospital Rafael Méndez); Miquel Ángel Belmonte, Juan Beltrán
Fabregat (Hospital General de Castellón); Alberto Alonso Ruiz,
Esther Uriarte Itzazelaia (Hospital de Cruces); Mauricio Mı́nguez
Vega, Gaspar Panadero Tendero (Hospital San Juan de Alicante);
Miguel Ángel Abad Hernández, Marı́a Torresano (Hospital Virgen
del Puerto); Ana Urruticoechea (Hospital Can Misses de Ibiza);
José Ivorra (Hospital General de Onteniente y Lluis Alcanyis de
Xátiva); Antonio Juan Mas, Jenaro Graña (Hospital Santa Teresa);
Saul Mario Gelman Aizen (Centre Hospitalari Manresa); José
Carlos Rosas, Gregorio Santos, Raquel Martı́n (Hospital del S.V.S.
de Villajoyosa); Cristina Hidalgo (Hospital de la Santı́sima
Trinidad); Jaime Fernández Campillo, Vı́ctor Eliseo Quevedo
(Hospital Comarcal de Monforte); Isabel Rotes, Estefanı́a Moreno
(Hospital de San Rafael).
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8. Pérez Pampı́n E, Gómez-Reino Carnota JJ. Eficacia y seguridad de los tratamien-
tos antagonistas del factor de necrosis tumoral en la artritis reumatoide. Med
Clin (Barc). 2008;130:179–87.

9. Listing J, Strangfeld A, Kary S, Rau R, Von Hinueber U, Stoyanova-Scholz M, et al.
Infections in patients with rheumatoid arthritis treated with biologic agents.
Arthritis Rheum. 2005;52:3403–12.

10. Dixon WG, Watson K, Lunt M, Hyrich KL, Silman AJ, Symmons DP. Rates of
serious infection, including site-specific and bacterial intracellular infection, in
rheumatoid arthritis patients receiving anti-tumor necrosis factor therapy:
results from the British Society for Rheumatology Biologics Register. Arthritis
Rheum. 2006;54:2368–76.

11. Curtis JR, Patkar N, Xie A, Martin C, Allison JJ, Saag M, et al. Risk of serious
bacterial infections among rheumatoid arthritis patients exposed to tumor
necrosis factor alpha antagonists. Arthritis Rheum. 2007;56:1125–33.

12. Mohan VP, Scanga CA, Yu K, Scott HM, Tanaka KE, Tsang E, et al. Effects of tumor
necrosis factor alpha on host immune response in chronic persistent tubercu-
losis: possible role for limiting pathology. Infect Immun. 2001;69:1847–55.

13. Keane J, Remold HG, Kornfeld H. Virulent Mycobacterium tuberculosis strains
evade apoptosis of infected alveolar macrophages. J Immunol. 2000;164:2016–20.

14. Keane J, Gershon S, Wise RP, Mirabile-Levens E, Kasznica J, Schwieterman WD,
et al. Tuberculosis associated with infliximab, a tumor necrosis factor alpha-
neutralizing agent. N Engl J Med. 2001;345:1098–104.

15. Wallis RS, Broder MS, Wong JY, Hanson ME, Beenhouwer DO. Granulomatous
infectious diseases associated with tumor necrosis factor antagonists. Clin
Infect Dis. 2004;38:1261–5.

16. Furst DE, Wallis R, Broder M, Beenhouwer DO. Tumor necrosis factor antago-
nists: different kinetics and/or mechanisms of action may explain differences in
the risk for developing granulomatous infection. Semin Arthritis Rheum.
2006;36:159–67.

17. Salvana EM, Cooper GS, Salata RA. Mycobacterium other than tuberculosis
(MOTT) infection: an emerging disease in infliximab-treated patients. J Infect.
2007;55:484–7.
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