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Abstract
Objective Most reports on serious infections (SI) in rheumatoid arthritis (RA) patients treated with biological disease-modifying
antirheumatic drugs (bDMARDs) are from the USA andWestern Europe. Data from other regions are largely missing. We report
data from South American countries with different backgrounds and health-care systems but similar registries.
Methods Wemerged 2010–2016 data from two registries, BIOBADABRASIL (Brazil) and BIOBADASAR (Argentina), which
share the same protocol, online platform and datamonitoring process. Patients with active RAwere includedwhen they began the
first bDMARD or a conventional synthetic DMARD (csDMARD, control group). The SI incidence rate (IR) per 1000 patient/
years and adjusted IR ratio (aIRR) were estimated for bDMARDs and csDMARDs.
Results Datawere analysed for 3717RApatientswith an exposure of 13,380 patient/years. The 2591patients treatedwith bDMARDs (64%
tumour necrosis factor-α inhibitors (TNFi)) had a follow-up of 9300 years, and the 1126 treated with csDMARDs had an exposure of 4081
patient/years. TheSI IRwas 30.54 (CI 27.18–34.30) for all bDMARDs and 5.15 (CI 3.36–7.89) for csDMARDs.The aIRRbetween the two
groupswas 2.03 ([1.05, 3.9] p=0.034) for the first 6months of treatment but subsequently increased to 8.26 ([4.32, 15.76] p<0.001). The SI
IR for bDMARDs decreased over time in both registries, dropping from 36.59 (28.41–47.12) in 2012 to 7.27 (4.79–11.05) in 2016.
Conclusion While SI remains a major concern in South American patients with RA treated with bDMARDs, a favourable trend
toward a reduction was observed in the last years.

Key Points
• New comprehensive data on biologic drugs safety from international collaboration in South America.
• First proposal for national registries data merging in South America.
• Serious infections remain a major concern in RA patients treated with biologics.
• A significant reduction of serious infections in RA patients exposed to biologics was observed over a 7 years period.
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Introduction

Infections are the most frequent and concerning serious ad-
verse events related to rheumatoid arthritis (RA) treatment
with biological disease-modifying antirheumatic drugs
(bDMARDs) [1]. Substantial regional differences have been
observed, especially when epidemiology of infections and
sociodemographic profiles of populations are considered [2].
Registries increase our knowledge of drug safety profiles in
real-life settings and help to provide useful recommendations
for clinical practice. In 2009, the BIOBADAMERICA regis-
try project, open to all South and Central America countries,
was established. It focused on safety monitoring of
bDMARDs in rheumatic diseases and shared the same plat-
form used by the previously established BIOBADASER reg-
istry [3]. The Brazilian (BIOBADABRASIL) and Argentinian
(BIOBADASAR) registries are owned and sponsored by the
Brazilian Society of Rheumatology (SBR) and the
Argentinian Society of Rheumatology (SAR), respectively.
This grants independence, availability to all interested inves-
tigators, clear methodological guidelines and consistent train-
ing programs [4, 5]. Merging data of different registries is
common but hampered by clear differences in the platform
and definitions worldwide [6–8]. The common platform and
methodology in BIOBADAMERICAminimize this challenge
[3]. The purpose of this study was to present data on serious
infections (SI) and the trends over time in patients with RA
treated with bDMARDs in two South American countries
based on data collected in analogous registries.

Methods

BIOBADABRASIL and BIOBADASAR are observational,
prospective, time-unlimited, multicentre registries that share
the same virtual platform. Patients are included from 32 rheu-
matology units in Brazil and 49 in Argentina, covering almost
all of the regions in these two countries. Their identical online
protocols consist of three domains. Briefly, the first domain
covers demographics, disease characteristics, comorbidities
and infectious disease screening data. The second covers treat-
ment information like prescribed drug, treatment duration and
comedications. The third covers adverse events (AE) and their
outcomes. Protocols are available at https://biobadaser.ser.es/
biobadamerica/. Since registries are non-compulsory,
principal investigators are responsible for the decision to
include patients. The following inclusion criteria were
required: any rheumatic disease starting a treatment with the
first bDMARD (up to 3 months) or with a conventional
synthetic disease-modifying anti-rheumatic drug

(csDMARD, up to 3 months) with no previous exposure to
bDMARDs (internal control group). Data were updated in the
case of treatment modifications or when AE occurs. All AE
were classified according to the Medical Dictionary for
Regulatory Activities (MedDRA). Data were continuously
monitored online and in-loco at all centres by trained moni-
tors. The registry data were compared every year with the
medical records of a random sample of 20% of included pa-
tients. Data were anonymized before analysis. The ethical
committee of each centre approved this study that have been
performed in accordance with the ethical standards laid down
in the 1964 declaration of Helsinki and its later amendments.
All patients signed an informed consent document.

Study groups and definitions

BIOBADABRASIL and BIOBADASAR data were com-
bined for the purpose of this study. Patients entered from
January 1, 2010, to December 31, 2016 were included.
Only RA patients were selected for this analysis. The biolog-
ical drugs were divided into the following two groups:
tumour necrosis factor-α inhibitors (TNFi: Adalimumab,
Certolizumab, Etanercept, Golimumab and Infliximab) and
non-TNFi (abatacept, rituximab and tocilizumab). Patients ex-
posed to Tofacitinib were included in the non-TNFi group due
to the mechanism of action and because it is indicated after the
csDMARDs failure like a bDMARD.

According to the common registry standardized protocol, a
serious infectious AE was defined as a clinical event, with
infectious characteristics, that can cause death or is considered
life-threatening; that implies inpatient treatment, admittance,
or prolongation of hospitalization; or that results in persistent
or significant disability/incapacity or a congenital anomaly/
birth defect.

Statistical analysis

A comparative descriptive statistical analysis was performed
with merged data from both registries, between RA patients
treated with bDMARDs and csDMARDs. Only patients with
complete data were selected. Exposure time was considered
from the start of drug intake to the date of last administration
plus twice the drug half-life, even when a new drug was ini-
tiated immediately, or censorship (last recorded visit, drug
withdrawal, patient death, or database download, whichever
occurred first). Continuous variables are expressed as mean
and standard deviation (SD), and categorical variables are
expressed as absolute and percentage values. Student’s t and
chi-square tests were used to compare variables between
groups, especially in those with and without SI; a crude odds
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ratio (OR) and adjusted odds ratio (aOR) were estimated using
logistic regression analysis. The SI-related AE incidence rate
(IR) per 1000 patient years with 95%CI and the incidence rate
ratio (IRR) between groups were estimated using a Poisson
model. The adjusted IRR (aIRR) was calculated using con-
founding factors at baseline, such as age, disease duration,
disease activity, methotrexate (MTX) use and corticosteroid
use. The level of significance was set at 0.05.

Results

Registry populations and treatments

Data were obtained and analysed for 3717 RA patients and
4986 treatments covering a total of 13,380 patient years. The
main characteristics of the registry patients are outlined in
Table 1. Patients in BIOBADABRASIL were younger, had
slightly higher DAS28 scores and were more likely to be
smokers and to have been exposed to two or more biologics.
Table 2 shows merged data for the two registries according to
treatment group. Among bDMARDs, follow-up times were
longer for TNFi than for non-TNFi. There were statistically
significant differences in baseline characteristics between pa-
tients in bDMARDs and csDMARDs groups. The former
were older and had longer disease durations, higher DAS28
scores and concomitant corticosteroid use. Subsequent analy-
ses were therefore adjusted for these parameters, when
appropriate.

Serious infection rates for bDMARDs and csDMARDs

A total of 284 SI events were reported for all bDMARDs
group in a follow-up time of 9300 years. The IRs per 1000
patient years values were 30.54 (CI 27.18–34.30) for all
bDMARDs and 31.33 (CI 27.21–36.06) for TNFi and 28.97
(CI 23.56–35.61) for non-TNFi. As for csDMARDs, 21 SI
were registered during a follow-up time of 4081 p/y, resulting
in an IR of 5.15 per 1000 patient years (CI 3.36–7.89) with a
crude IRR of 5.93 [3.81, 9.24] vs all bDMARDs and 5.17
[3.29, 8.15] when adjusted for confounding factors. Thirteen
cases of tuberculosis were registered in bDMARDs group,
resulting in an IR of 1.4 per 1000 patient years (0.81–2.41)
for all bDMARDs, 1.45 (0.76–2.79) for TNFi and 1.29 (0.48–
3.43) for non-TNFi. The incidence was higher in Brazil,
where there were eight cases (IR 1.46 (0.73–2.92)) than in
Argentina, with five cases (IR 0.63 (0.26–1.52)). No such
events were observed in either control group. Thirteen cases
of Herpes Zoster were registered as serious, resulting in IR
values of 1.4 (0.81–2.41) for all bDMARDs, 1.29 (0.65–2.58)
for TNFi and 1.61 (0.67–3.87) for non-TNFi. Notably, no
cases of Hansen’s disease (leprosy) were reported as an SI in
either registry.

Risk factors for serious infections

Table 3 shows the analysis of patient and treatment character-
istics associated with SI. Exposure to more than one
bDMARD, corticosteroid use, smoking and renal failure were

Table 1 General overview of the
rheumatoid arthritis patients
included in the analysis, including
details about BIOBADABRASIL
and BIOBADASAR populations

Total BIOBADABRASIL BIOBADASAR

Patients 3717 1499 2218

Treatments 4986 2134 2852

Patient (years) 13,380 5454 7926

Patients on all biologics 2591 1185 1406

Patients on TNFia 1897 (73) 936 (79) 961 (68)

Patients exposed to two or more biologicsa 814 (31) 419 (35) 395 (28)

Patients on csDMARDs (control group) 1126 314 812

Femalesa 3158 (85) 1291 (86) 1867 (84)

Age at baseline (years)b 52.4 (13.1) 50.9 (12.3) 53.4 (13.5)

Disease duration at baseline (years)b 8.4 (8.5) 8.7 (8.2) 8.1 (8.7)

Follow-up time (years)b 2.9 (2.1) 2.8 (2.1) 3.0 (2.0)

DAS28 at baselineb 4.9 (2.7) 5.2 (2.1) 4.8 (3.1)

Seropositivity, RF and/or aCCPa 3425 (92) 1300 (87) 2125 (96)

Smokersa 414 (11) 207 (14) 207 (9)

Diabetes mellitusa 308 (8) 170 (11) 138 (6)

DAS Disease Activity Score, RF rheumatoid factor, aCCP anti-cyclic citrullinated peptide
a Categorical variables are presented as N (%)
b Continuous variables as mean ± SD
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statistically related to SI even after adjustment for age, disease
duration and activity, and MTX use at baseline. Interestingly,
mean DAS28 scores were inversely and significantly related
with SI.

Changes over time in the incidence of serious
infections

The IR of SI was higher during the first 6 months of treat-
ment than in subsequent months. In Table 4, IR values are
shown for the treatment groups with crude and aIRR
values for the comparison between csDMARDs and
bDMARDs. The reduction of IR over time was more pro-
nounced for csDMARDs than for bDMARDs, and the
aIRR for the two groups increased from 2.03 [1.05, 3.90]
during the first 6 months to 8.26 [4.32, 15.76] in the later
study period. When the two bDMARDs groups were com-
pared, the SI IR was definitely higher for non-TNFi in the
first 6 months, and it sharply dropped during the subse-
quent treatment period.

A trend toward a reduction in SI IR over time was
noted. Figure 1 shows the annual IR from 2010 to 2016.
The trend was the same in both registries when data
were analysed separately and reflected the same general
tendency for all kinds of serious AE, not only infectious,
which were reduced from 57.97 (38.86–86.49) per 1000
patient years in 2010 to 16.86 (12.81–22.18) in 2016.
The disease duration was stable over time for newly in-
cluded patients (between 8.1 (SD 8.1) and 8.6 (SD
8.4) years).

Serious infections responsible for drug withdrawal
or death

After a mean time of 2.45 (SD 1.91) years, 44.7% of
bDMARD treatments were stopped. Serious side effects were
responsible for 25% of bDMARDs interruptions. SI were re-
sponsible for withdrawal in 11.1% of bDMARDs cases,
11.6% of TNFi and 10.2% of non-TNFi. The main cause of
bDMARDs stoppage was a lack or loss of effectiveness
(44%).

Sixteen deaths related to SI were registered. Of these, 15
occurred in the bDMARDs group, and 1 occurred in the con-
trol group, resulting in IR values of 1.29 (0.73–2.27) and 0.25
(0.03–1.74) per 1000 patient years, respectively, and an IRR
of 5.3 (0.68–40.5).

Discussion

In this paper, we report data on SI in a large cohort of RA
patients exposed to biological DMARDs in South America.
Data from this area of the world are scarce, and this is the first
time a multinational project has provided comprehensive in-
formation based on an extensive follow-up period covering
more than 13,000 patient years. The method used to merge
data from two national biological drug safety registries was
based on a well-defined common methodological framework
[3]. Descriptive analyses of patients from Brazil and
Argentina showed some baseline differences that help to un-
derstand the starting point of this study.

Table 2 Descriptive analysis of all 3717 rheumatoid arthritis patients according to treatment group

All bDMARDs TNFi Non-TNFi csDMARDs p value*

Patients N (% of 3717) 2591 (70%) 1897 (51%) 694 (19%) 1126 (30%)

Treatments 3784 2484 1300 1202

Patient (years) 9300 6323 2977 4081

Females, N (%) 2205 (85%) 1618 (85%) 587 (85%) 953 (85%) 0.715

Age at baseline (years, mean ± SD) 52.8 (12.8) 52.4 (12.8) 53.9 (12.9) 51.5 (13.7) 0.0037

Disease duration at baseline (years, mean ± SD) 10.1 (8.5) 9.9 (8.2) 10.7 (9.0) 4.3 (7.2) < 0.001

Follow-up time (years, mean ± SD) 2.7 (2) 2.8 (2) 2.6 (2) 3.5 (2.1) < 0.001

DAS28 at baseline (mean ± SD) 5.1 (2.3) 5.1 (1.7) 5.2 (3.3) 4.7 (3.6) < 0.001

Seropositivity, RF and/or aCCP, N (%) 2386 (92) 1722 (91) 664 (96) 1039 (92) 0.847

Methotrexate and/or leflunomide 2124 (82) 1606 (85) 518 (75) 1013 (90) < 0.001

Corticosteroids at baseline 1513 (58) 1137 (60) 376 (54) 594 (53) 0.001

Smoker, N (%) 296 (11) 207 (11) 89 (13) 118 (10) 0.741

Diabetes Mellitus, N (%) 225 (9) 163 (9) 62 (9) 83 (7) 0.21

DAS Disease Activity Score, RF rheumatoid factor, aCCP anti-cyclic citrullinated peptide

*p value for all bDMARDs vs csDMARDs
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In the bDMARDs group, almost two-thirds of the follow-
up years consisted of patients on TNFi. This reflected the
marketing timeline for biological agents in South America.
Most patients in the csDMARDs, our control group, were on
MTX and/or LEF, with 10% on hydroxychloroquine,
sulfasalazine, or azathioprine. Based on a previous analysis
of BIOBADABRASIL data and South America treatment
practices, we estimate that approximately one third of the
csDMARDs group had been exposed to a combination of
MTX and LEF during the follow-up period [9], in accordance
with national guidelines (i.e., before a bDMARD is indicated,
a csDMARDs combination should be tried) [10, 11].

According to our data, SI remain a major concern in RA
patients exposed to bDMARDs. The global IR (30.54 for
1000 patient years) was similar for TNFi and non-TNFi and
comparable to that found in most other registries, including
BIOBADASER (31 (28–34)) which adopts the same method-
ology [12, 13]. The crude IRR vs csDMARDs was almost 6.
Even our overall aIRR of 5.17 was higher than that reported in
most observational studies published in the last 10 years (the
majority of which were below 2 and have ranged from 0.9 to
1.8) [1]. However, in some countries, the aIRR is clearly
higher, including 2.4 (1.1–5.1) in Japan, 2.7 (1.1–6.3) in
Colombia and 6.9 (3.1–15.4) in Greece, indicating the exis-
tence of regional differences [14–16]. These differences could
be related to patient factors, such as comorbidities, steroid use
and dosages, or to control group particularities. In our parallel
csDMARDs group, the overall SI IR was as low as 5.15 for
1000 patient years but was 18.9 for the first 6 months of
treatment. In this group of patients, Listing et al. reported an
IR of 23, while Dixon et al. reported an IR of 41.4 for 1000

patient years [17, 18]. Interestingly, while the IR of SI in-
creased over time in the British Society for Rheumatology
Biologics Register (BSRBR) csDMARDs patients, we found
that it clearly decreased [19].

In South America, tuberculosis remains an endemic disease
with an incidence of 41 (35–47)/100,000 in Brazil and 25 (22–
29)/100,000 in Argentina [20]. It was therefore expected a tuber-
culosis IR for all bDMARDs higher in Brazil (1.46/1000) than in
Argentina (0.63), and the overall IR of 1.4/1000 found in this
study reflects the background risk in our countries [21]. No such
events were observed in our control group on csDMARDs. It is
important to consider that only cases who met the definition for
SI are included in this analysis. For that reason, the total number
of cases of tuberculosis could actually have been higher. In a
previous paper on tuberculosis in RA patients included in
BIOBADABRASIL through 2013, the incidence was 2.87/
1000 in the TNFi group, and 1 event was observed in the control
group. That control patient was not included in the present anal-
ysis because the patient’s condition was not classified as a SI
[22]. Two cases of pulmonary tuberculosis were identified in
the BIOBADASAR control group, but again, these were classi-
fied as not serious, and both achieved recovery [unpublished
data]. Notwithstanding, in a single centre study performed in
Brazil, the incidence of active tuberculosis in RA patients ex-
posed to TNFi was lower than that in our study (0.37/1000),
suggesting that in large countries with endemic tuberculosis, re-
gional differences need to be considered [23]. Another mycobac-
terial disease that is still endemic in various South America areas
is Hansen disease [24]. Single case reports have suggested a
possible association between hanseniasis and exposure to TNFi
[4, 25]. Interestingly, no cases of Hansen disease classified as a SI

Table 3 Risk factors associated with serious infections in patients treated with bDMARDs

Without SI With SI OR (CI 95%) p value* aOR (95%CI) p value*

Patients (N) 2400 191

Age at first bDMARD, baseline years, mean (SD) 52.8 (12.8) 53.2 (12.9) 1.00 (0.99–1.01) 0.681 1.01 (0.99–1.02) 0.096

Female, N (%) 2043 (85) 162 (84.5) 0.98 (0.65–1.47) 0.908 1.04 (0.68–1.59) 0.865

Disease duration, years, mean (SD) 10 (8.5) 10.7 (8.1) 1.01 (0.99–1.03) 0.300

Exposed to 1 b DMARD, N (%) 1691 (70) 86 (45) ref < 0.001 ref < 0.001

Exposed to 2 or more bDMARDs, N (%) 709 (30) 105 (55) 2.91 (2.16–3.92) 2.98 (2.19–4.05)

csDMARD concomitant use, N (%) 2053 (85.5) 164 (85.9) 1.03 (0.67–1.57) 0.903

Corticosteroid concomitant use, N (%) 1370 (57) 143 (75) 2.24 (1.60–3.14) < 0.001 2.14 (1.52–3.03) < 0.001

DAS28 at baseline, mean (SD) 5.2 (2.3) 4.8 (1.6) 0.89 (0.82–0.97) 0.009 0.84 (0.76–0.92) < 0.001

Smoker, N (%) 262 (11) 34 (18) 1.75 (1.18–2.58) 0.008 1.58 (1.05–2.38) 0.028

Diabetes mellitus, N (%) 204 (8.5) 21 (11) 1.34 (0.82–2.13) 0.246

Previous cancer, N (%) 41 (1.7) 3 (1.8) 0.91 (0.28–2.98) 0.882

Pulmonary chronic disease, N (%) 48 (2) 5 (2.6) 1.31 (0.52–3.34) 0.567

Renal failure, N (%) 10 (0.4) 3 (1.6) 3.80 (1.04–13-91) 0.03

OR crude odds ratio, aOR adjusted odds ratio

*p value for comparison between patients with and without incident serious infection
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have been reported in either registry. According to the literature,
the absolute risk of a Herpes Zoster episode occurring in a patient
treated with a TNFi is 11.9/1000 patient years, and 4.9–20.9% of
such episodes are classified as serious [26]. In our series, we
found a crude IR of Zoster infections classified as serious of
1.29/1000 patient years, which appears to be in agreement with
previously reported data [24]. The IR was higher in the non-
TNFi group (1.61) [27].

The SI IRwas higher in the first 6 months for all treatments.
These analyses confirm the observations reported in previous
registry data of TNFi [19, 28–30]. During this exposure peri-
od, the aIRR for all bDMARDs vs all csDMARDs was 2.03,
which is similar [29] or lower than that observed in other
cohorts [19, 28]. Of note, the higher SI IR were reported in
the non-TNFi group. In a recent paper from the BSRBR, ri-
tuximab and tocilizumab were associated with higher SI rates
in unadjusted analysis, findings partly explicated by patient
characteristics [31]. We agree with Rutheford and colleagues
that this could reflect the usual prescription pattern for non-
TNFi in clinical practice: in most cases, they are initiated after

one or more TNFi and frequently with no wash out. In our
database, the higher SI IR for a subsequent bDMARD than for
a first bDMARDmay indirectly support this interpretation. In
the subsequent months, we observed a general reduction in SI
IR, especially for csDMARDs with an aIRR increased to 8.26
vs all bDMARDs. There was also a substantial drop from
70.15 to 19.04 per 1000 p/y in the SI IR in the non-TNFi
group. The principal explanation for why the SI IR reduced
with treatment time could be that the patients who are more
susceptible to serious adverse events are more likely to present
a SI during the first months of exposure [32]. Our data did not
allow us to investigate whether reducing corticosteroid use or
improved function were contributing factors. We did not con-
sider under-reporting after the initial months as a possible
explanation. The patient follow-up strategy remained the same
(visits every 3 months) over time. Furthermore, we considered
only SI, which are less likely to be under-reported. Regardless
of interpretation, results represent our clinical practices and
offer a valid framework to support adequate patient monitor-
ing strategies.

Table 4 Incidence rate of serious
infections in the first 6 months
and all subsequent months
according to treatment group

First 6 months Subsequent months

All bDMARDs 47.91 (38.74–59.26) 26.44 (23.01–30.38)

TNFi 36.18 (26.73–48.95) 29.83 (25.47–34.94)

Non-TNFi 70.15 (52.02–94.58) 19.04 (14.21–25.49)

First bDMARD 21.94 (13.99–34.4) 19.03 (15.56–23.27)

Subsequent bDMARD 72.69 (57.11–92.52) 41.04 (33.87–49.74)

csDMARDs 18.9 (10.47–34.13) 2.86 (1.54–5.31)

IRR:all bDMARDs vs csDMARDs 2.54 [1.35, 4.75]* 9.25 [4.90, 17.46]***

aIRR: all bDMARDsvs csDMARDs 2.03 [1.05, 3.90]** 8.26 [4.32, 15.76]***

aIRR: TNFi vs csDMARDs 1.77 [0.88, 3.58]# 9.68 [5.04, 18.60]***

aIRR: non-TNFi vs csDMARDs 2.53 [1.23, 5.17]## 5.06 [2.44, 10.48]***

Values are shown as the incidence rate for 1000 patient/years (95% confidence interval)

IRR incidence rate ratio, aIRR adjusted incidence rate ratio

*p value = 0.004; **p value = 0.034; ***p value < 0.001; # p value < 0.111; ## p value < 0.011

26.57 26.03

36.59 35.85

18.3
16.18

7.27

0

10

20

30

40

50

2009 2010 2011 2012 2013 2014 2015 2016 2017

Years of follow-up

Incidence rate for 1000 patient years(95% Cl)

Fig. 1 Change over time in the incidence rate of serious infections in patients treated with bDMARDs
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From 2010 to 2016, there was a clear decline in the SI IR in
the bDMARDs group in our registries, accompanying the IR
for overall serious adverse events. Other registries have report-
ed the same phenomenon. In the Swedish (Anti-rheumatic
Therapies in Sweden) ARTIS registry, the relative risk of hos-
pitalization for a SI for patients on a first TNFi reduced from
1.43 in the first year to 1.15 in the second and to 0.82 in
subsequent years [33]. In the Japanese RA patients on bio-
logics for long-term safety (REAL) registry, the crude IRR
for SI in patients on TNFi was 0.5 between the 2008 and
2005 groups (aHR, 0.43 (0.20–0.93)) [34]. In a 2008 review
of four registry databases, a trend for the risk of SI to decrease
over time has been confirmed [35]. Multiple explanations are
possible for this phenomenon. One is patient selection for
bDMARDs, including the so-called “depletion of suscepti-
bles” [19, 35], while increasing physician competence in iden-
tifying and treating infections and recognizing individual risk
is another. A progressive increasing awareness about vaccina-
tion relevance might also have influenced SI incidence de-
crease. Registry-related factors, including the fact that fewer
new patients are included over time, leading to progressively
higher numbers of patient/years during follow-up with rela-
tively fewer SI events, should also be considered. Because we
now treat RA earlier in the course of the disease, the shorter
disease duration in newly included bDMARDs patients over
the years could be another factor that contributes to the ob-
served drop in SI. However, in our series, the baseline disease
duration was stable over time.

Among the elements associated with SI, exposure to more
than one bDMARDs produced a higher aOR of almost 3 (p <
0.001). It was followed by corticosteroid use at baseline (2.14,
p < 0.001) and smoking (1.58, p = 0.028). Data from the
Danish DREAM registry confirmed that baseline corticoste-
roid use is a 5-year SI risk factor [34]. Interestingly, they also
found that disease activity parameters, such as pain by visual
analogue scale and tender joints by the 28-joint count, were
associated with infection risk, while in our database, baseline
DAS28 was inversely related with SI along the follow-up
(aOR 0.84, p < 0.001) [36]. That could be due, at least in part,
to a more accurate assessment and/or to a tighter control dur-
ing the first months of the follow-up. An analysis of the
Japanese REAL registry produced similar findings [14]. It is
important to remember that RA and corticosteroid use have
been identified as risk factors for SI independent of
bDMARDs [37], and they have also been associated with
the shorter survival of the first TNFi [38].

An SI resulted in the interruption of 11% of bDMARD
treatments. SI was the cause of death in fivefold more
bDMARDs than csDMARDs patients. This result is quite
different from that reported in the German Rheumatoid
Arthritis oBservation of BIologic Therapy (RABBIT) registry,
in which patients on a bDMARD at the time of an SI were
significantly less likely to develop sepsis or have a fatal

outcome than were those on a csDMARD (OR 0.56) [39].
In a population study conducted in São Paulo State in
Brazil, when RA was considered to be the underlying cause
of a death, infections were the most frequently reported fatal
events [40].

Our work has some relevant strengths. Our data are based
on multinational large registry databases that use identical
methodological frameworks. The consistency is guaranteed
by a constant monitoring process, including in situ audits of
patient records. This reduces the risk that serious AE will be
underreported. Furthermore, the control group is internal and
parallel, followed likewise by the bDMARDs group.

We understand that the main limitations of this study are
those common to all non-compulsory registry cohorts with a
possible selection bias of patients. One specific limitation of
our database is the large amount of missing data on pathogens
causative of SI, for this reason not presented in this paper. In
addition, we have scarce information regarding socio-
economic level, co-morbidities and co-medications taken by
patients. For instance, only baseline data were available for
steroid and concomitant csDMARDs use. Information on dos-
age and adherence over time would allow better exploration of
their potential influence on SI rates. Protocol data limitation
was a conscientious choice in that we agreed with the
BIOBADASER philosophy, which is to keep things simple
to improve feasibility. This was mainly because a project goal
was to involve as many investigators as possible, and investi-
gator resources are frequently limited in our continental coun-
tries. These limitations will be reduced in the future because
our registries are migrating to a new platform that will include
more mandatory follow-up data.

Conclusion

In South America, SI remain a major burden in RA patients
taking biologics, especially during the first 6months of exposure.
The trends we found over timewere favourable in that they show
a reduction in the frequency of such events over the last 7 years.
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