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Abstract
Biologic disease-modifying anti-rheumatic drugs (bDMARD) have transformed the treatment paradigm of chronic autoim-
mune rheumatic diseases (ARDs), but they are often associated with adverse drug reactions. The present study evaluated 
the frequency, characteristics and type of infections, other than tuberculosis (TB), in ARD patients receiving bDMARDs. 
The multicentre, cross-sectional, retrospective, observational study was conducted across 12 centers in Karnataka, India, 
between January to August 2016. The study included patients receiving bDMARD therapy for various ARDs. Outcome 
variables considered were any infection, minor infections and major infections, other than TB. Clinical variables were 
compared between infection and no infection group, and the increase in the likelihood of infection with respect to various 
clinical variables was assessed. The study involved 209 subjects with a median (range) age of 41 (16–84) years and male 
to female ratio of 0.97:1. A total of 29 (13.88%) subjects developed infection following bDMARD therapy, out of whom a 
majority had minor infection (n = 26). The likelihood of developing any infection was noted to be more in subjects receiv-
ing anti-TNF (golimumab, P = 0.03) and those on three or more conventional synthetic (cs) DMARDs (P < 0.01). Infection 
risk was higher in patients with systemic lupus erythematosus (P = 0.04), other connective tissue disease (P < 0.01) and in 
patients with comorbidities (P = 0.13). The risk of infection was associated with the use of anti-TNF therapy and more than 
three csDMARDs, co morbidities and Adds such as systemic lupus erythematosus and connective tissue disease.
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Introduction

The introduction of biologic disease-modifying anti-rheu-
matic drugs (bDMARDs) has revolutionized the treat-
ment paradigm of chronic autoimmune rheumatic diseases 
(ARDs) like rheumatoid arthritis (RA), ankylosing spondyli-
tis (AS), undifferentiated spondyloarthropathy (unSpA), pso-
riatic arthritis (PsA), systemic lupus erythematosus (SLE) 
and other connective tissue diseases (CTD). The commonly 

used biological agents include: TNF antagonists [infliximab, 
etanercept, adalimumab, golimumab and certolizumab (not 
licensed in India)]; IL-6 receptor antagonist (tocilizumab); 
T-cell costimulatory modulator (abatacept); B-cell depletion 
therapy type 1 humanized chimeric anti-CD20 monoclonal 
antibody (rituximab and ocrelizumab); and B cell targeting 
by BAFF and April inhibitors (belimumab, tabalumab and 
atacicept) [1, 2]. Despite the therapeutic potential, the drug 
use is associated with immunological and allergic adverse 
drug reactions. The adverse drug reactions, which can be 
delayed or immediate, are caused due to the impact of drug-
induced imbalance on the immune system, cofactors and 
intermediary factors [3]. Recognizing the heterogeneity 
associated with these adverse drug reactions, Pichler has 
differentiated their clinical features into five distinct types, 
namely clinical reactions because of high cytokine levels 
(type α), hypersensitivity because of an immune reaction 
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against the biological agent (β), immune or cytokine imbal-
ance syndromes (γ), symptoms because of cross-reactivity 
(δ) and symptoms not directly affecting the immune system 
(ɛ). This classification is intended to effectively deal with 
clinical features and to identify the probable individual and 
general risk factors [4].

Infection has been reported as one of the most com-
mon adverse drug reactions noted in subjects receiving 
bDMARDs [5]. The serious bacterial infections in RA 
patients receiving bDMARDs include surgical site infec-
tion of total joint arthroplasty and respiratory (tuberculosis), 
skin, urinary tract, bone and joint infections. A systemic 
review and meta-analysis conducted by Singh et al., involv-
ing 42,330 patients with RA, has found an increase in the 
incidence of serious infections in patients on standard-dose 
and high-dose biological drugs compared to those who 
received traditional conventional synthetic (cs) DMARDs 
[6]. The literature evidence on the safety of biological agents 
is mainly based on the randomized controlled trials (RCTs), 
small observational studies and case reports [7]. Based on 
these findings, presence of co-morbidities, age > 60 years, 
and concomitant glucocorticoid use have been identified as 
some of the key factors linked to increased risk of serious 
infections [5]. However, the prevalence of severe infections 
noted in RCTs is only < 10% and the researchers are specu-
lative about the extrapolation of safety data obtained from 
trials in clinical practice. The present study evaluated the 
frequency, characteristics and type of infections, other than 
tuberculosis, in ARD patients receiving bDMARDs. It also 
studied the influence of csDMARDs, corticosteroids and 
other factors on frequency and type of infections.

Patients and methods

The multicenter cross-sectional, retrospective observational 
study was conducted across 12 centers in Karnataka, India, 
between January 2016 to August 2016. The study recruited 
patients receiving bDMARD therapy for any type of ARDs 
on their routine visit to the center. Clinical diagnosis was 
established based on 2010 American College of Rheuma-
tology (ACR) criteria for the diagnosis of RA, systemic 
lupus international collaborating clinics/American College 
of Rheumatology (SLICC/ACR) criteria (2010) for SLE, 
Ankylosing Spondylitis International Society criteria (2010) 
for Ankylosing spondylitis, Classification Criteria for Pso-
riatic Arthritis (CASPAR) criteria for psoriatic arthritis, the 
European Spondyloarthropathy Study Group (ESSG) criteria 
(but these patients failed to fulfil ASAS and CASPAR cri-
teria) for undifferentiated spondyloarthropathy and respec-
tive criteria for diagnosis of various ARDs [8–12]. Baseline 
demographic, clinical and therapeutic data including the 
history of bDMARDs and concomitant therapy given to the 

patients were collected retrospectively from patient inter-
views and clinical records. Patients without details of initia-
tion and follow-up of bDMARD therapy for up to 2 months 
were excluded. The study was approved by the institutional 
ethics committee (IEC-CRICR/021/16 dated 19/02/2016) 
and written consent was obtained from all the recruited 
subjects to collect data from clinical records.

All the subjects underwent screening for active infections 
and latent tuberculosis (tuberculin test or QuantiFERON-
TB or both) prior to the administration of bDMARDs, as 
specified by local guidelines. The patient details considered 
were: age, gender, diagnosis, co-morbidities, and the use of 
bDMARDs, csDMARDs and steroids. Based on the diag-
noses made, the recruited subjects were grouped into six 
diagnostic groups: RA, SLE, ankylosing spondylitis, psori-
atic arthritis, undifferentiated spondyloarthropathy (unSpA) 
and patients with ARD conditions other than the above 
diagnoses. Clinical data of co-morbidities were consid-
ered as present or absent. Patients receiving single, two and 
three or above csDMARDs/immunosuppressants therapy 
were designated as single, double and three or above csD-
MARDs, respectively. Patients not on any csDMARDs were 
considered as no csDMARDs. The biosimilars and origi-
nator molecules were grouped into the same category; for 
example, original rituximab and their biosimilars belonged 
to the same class. Steroids in any form, either oral or inter-
mittent parenteral, were grouped into steroids given or not 
given. Data pertaining to bacterial, fungal and viral infec-
tions including unspecified infections (where the cause of 
infection could not be ascertained by the treating physician) 
were collected and classified as minor and major infections. 
Any bacterial infections, excluding M. tuberculosis, viral 
or unspecified infections requiring low-profile antibiotics/
antivirals without hospitalization, were considered as ‘minor 
infections’. The category ‘major infections’ included oppor-
tunistic fungal infections and bacterial, viral or unspecified 
infections requiring hospitalization. Occurrence of either 
minor or major or both infections was considered under the 
category ‘any infections’.

Statistics

The demographic and clinical variables were given as 
mean ± SD for normal continuous data, median (min–max) 
for data without normal distribution, and counts for fre-
quency data. Kolmogorov Smirnov or Shapiro–Wilk nor-
mality tests were used to evaluate distribution of the vari-
ables. Outcome variables considered were: any infections, 
minor infections and major infections. Comparison of clini-
cal variables for infection and no infection groups was per-
formed by unpaired t test for normal data, Mann–Whitney U 
test for non-normal data and Chi square or Fisher’s exact test 
for frequency data. Adjusted residuals method was used to 
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interpret statistically significant chi square results. Associa-
tion analysis was performed by univariate and multivariate 
logistic regression. Variables within the cut-off P value of 
0.1 in univariate regression were considered for multivariate 
regression. Separate analysis was performed for the three 
outcome variables. The reference groups considered for 
logistic regression analysis were as follows: gender: male; 
diagnosis: RA; co-morbidities: absent; bDMARDs: rituxi-
mab; csDMARDs: single; and steroids: absent. For all other 
analyses, P < 0.05 was considered as statistically significant.

Results

Clinical records of 272 ARD patients on bDMARD therapy 
were extracted and assessed for inclusion and exclusion cri-
teria. The details of inclusion and exclusion of patients in 
the study are provided in the flow chart (Fig. 1). After exclu-
sion of patients with TB and those with inflammatory dis-
eases and incomplete drug history, 209 patients with ARDs 
were selected for the study. The median (min–max) age of 
patients was 41 (16–84) years. Among them, 103 (49.28%) 
were males and 106 (50.72%) were females. The bDMARD 
therapies administered have been described in Table 1. Six 
patients received bDMARD of two different categories: 
etanercept and tocilizumab, infliximab and etanercept, tocili-
zumab and etanercept, tocilizumab and rituximab, etanercept 
and golimumab, and infliximab and adalimumab. In these 
patients, the final bDMARD administered was considered 
for the data analysis.

A total of 29 patients developed infections after treat-
ment with bDMARDs. Most patients had minor infections 
(n = 26). The minor infections reported by the study sub-
jects included eye boils, diarrhea, furunculosis, urinary tract 
infection, unspecified infections of upper respiratory tract, 
skin and angioneurotic edema and viral infections of upper 
respiratory tract, chicken pox and herpes zoster. Major infec-
tions (n = 5) included severe cellulitis, candida, and unspeci-
fied infections requiring hospitalization. Two patients had 
both major and minor infections. One patient had minor 
infection and an infection requiring hospitalization. The 
second patient had one spell each of viral and fungal infec-
tions. In patients with infections, two patients discontinued 
bDMARDs due to the occurrence of infection as adverse 
reaction. One patient died due to pulmonary embolism; how-
ever it was not related to bDMARD therapy.

Diagnoses of the study subjects have been listed in 
Table 1. Co-occurring co-morbidities were noted in 33.49% 
(n = 70) of the study population. Hypertension, diabetes mel-
litus and ischemic heart disease were observed in 19.14% 
(n = 40) of the study subjects and 14.35% (n = 30) had other 
co-morbidities. The corresponding incidence rates noted for 
hypertension, diabetes mellitus and ischemic heart disease 

were 7.18% (n = 15), 2.87% (n = 6) and 1.9% (n = 4). Co-
occurring co-morbidities reported were: hypertension and 
diabetes mellitus (2.87%; n = 6), hypertension and ischemic 
heart disease (2.87%; n = 6), diabetes mellitus and ischemic 
heart disease (0.48%; n = 1), and all the three conditions, 
hypertension, diabetes and ischemic heart disease (0.96%; 
n = 2). The incidence of infection was higher in patients 
with diabetes mellitus (Suppl. table 1). Other co-morbid-
ities reported were: hypothyroidism, depression, anemia, 
bronchial asthma, uveitis, osteoarthritic knee, pulmonary 
thromboembolism, laryngotracheobronchitis, chronic kid-
ney disease, thyroiditis, obesity, anxiety, alcohol cirrhosis, 
oral lichen planus, bullous lesions and osteonecrosis of the 
femoral condyles.

The corresponding proportions of subjects who received 
different types of single csDMARDs/immune suppressants 
therapy were as follows: 65.29% (n = 79) methotrexate, 
16.53% (n = 20) sulfasalazine, 5.79% (n = 7) hydroxychloro-
quine, 4.13% (n = 5) azathioprine, 4.13% (n = 5) leflunomide, 
3.31% (n = 4) mycophenolate mofetil and 0.83% (n = 1) 
cyclophosphamide. Methotrexate and hydroxychloroquine 
were the commonly received double csDMARDs (38.1%; 
n = 24), followed by methotrexate and sulfasalazine (30.16%; 
n = 19), methotrexate and leflunomide (7.94%; n = 5), 
hydroxychloroquine and mycophenolate mofetil (7.94%; 
n = 5), hydroxychloroquine and azathioprine (4.76%; n = 3), 
methotrexate and tacrolimus (3.17%; n = 2), methotrexate 
and mycophenolate mofetil (1.59%; n = 1), hydroxychloro-
quine and leflunomide (1.59%; n = 1), hydroxychloroquine 
and sulfasalazine (1.59%; n = 1), hydroxychloroquine and 
tacrolimus (1.59%; n = 1), and leflunomide and tacroli-
mus (1.59%; n = 1). Patients on three or more csDMARDs 
received: methotrexate, hydroxychloroquine and lefluno-
mide (40%; n = 6); methotrexate, hydroxychloroquine and 
sulfasalazine (13.33%; n = 2); methotrexate, hydroxychloro-
quine and tacrolimus (13.33%; n = 2); hydroxychloroquine, 
leflunomide and sulfasalazine (13.33%; n = 2); methotrexate, 
leflunomide and sulfasalazine (6.67%; n = 1); methotrexate, 
hydroxychloroquine, leflunomide and sulfasalazine (6.67%; 
n = 1); and methotrexate, hydroxychloroquine, leflunomide, 
sulfasalazine and tacrolimus (6.67%; n = 1). Around 8% 
(n = 16) of the study subjects received intermittent parenteral 
administration of 160 mg methylprednisolone acetate or a 
maximum dose of 10 mg daily oral therapy.

A total of 197 patients were considered for comparison 
and association studies for ‘any infections’, and 12 cases 
were excluded, as there were no cases for abatacept and no 
csDMARD use. Infections were reported in 29 (14.72%) 
patients. Statistically significant difference was noted 
between infection and no infection groups for age, diagno-
sis, co-morbidities, bDMARDs and csDMARDs. Gender 
and steroid usage did not differ significantly between the 
patient groups (Table 2). Patients with infection were older 
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than those in the no infection group. The infection cases 
reported in different diagnostic groups showed greater than 
expected number of infections in other CTDs (29.16%; n = 7) 
(adj. res. 2.1) and lower number of infections in ankylosing 
spondylosis (4.17%; n = 2) (adj. res. − 2.4). Patients with 

co-morbidities showed increased infection (23.88%; n = 16) 
(adj. res. 2.6) than those without co-morbidities (10%; 
n = 13) (adj. res. − 2.6). Patients receiving golimumab had 
highest number of infection cases (50%; n = 4) (adj. res. 2.9), 
and infliximab (2.70%; n = 1) (adj. res. − 2.3) had lesser 

Eligibility criteria: Autoimmune 
disease patients who received 
bDMARD therapy (n = 272) 

Excluded: n= 63 
1) Data not available (n= 47) 
     Complete data not available – 02 
     Age - 07 
     bDMARD – 04 
     Current medication – 34 
2) Juvenile cases (n= 07) 
3) TB developed (n= 07) 
4) Inflammatory diseases (n=02) 
     Takayasu artheritis (n=1) 
     IgG4 Ocular disease (n=1) 

Recruited for comparison and 
assessment of factors influencing 

infection risk (n = 209) 

Any infections 
n = 197 

Any infection group (n=29) 
No infection group (n= 168) 

Excluded: n= 30 
1) Cases of variables with no risk 
of infection  

a) bDMARD  
- Abatacept – 02 
b) csDMARD groups 
- No csDMARD – 10 
c) Undifferentiated     
Spondyloarthropathy  – 18

Excluded: n= 100 
1) Cases of variables with no risk of 
infection 

a) bDMARD  
- Adalimumab – 24 
- Golimumab – 08 
- Remicade – 37 
- Abatacept – 02 
b) Diagnosis 
- SLE – 14 
- Psoriatic arthritis – 08 
c) csDMARD groups 
- No csDMARD – 07 

Excluded: n= 12 
1) Cases of variables with no 
risk of infection  

a) bDMARD 
- Abatacept – 02 
b) csDMARD groups 
- No csDMARD – 10

Major infections 
n = 109 

Major infection group (n=05) 
No major infection group (n= 104)

Minor infections 
n = 179 

Minor infection group (n=26) 
No minor infection group (n= 153) 

Fig. 1  Flow diagram representing screening and recruitment of subjects for assessment of infection risk in autoimmune rheumatic disease 
patients initiated on biologic disease-modifying anti-rheumatic drugs therapy
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than expected infections. The incidences of infections were 
higher in three or more csDMARDs (38.46%, n = 5) (adj. 
res. 2.5) than those on single csDMARDs (9.92%, n = 12) 
(adj. res. − 2.4). The infection percentage noted in patients 
on steroids was 30% (3/10) compared to 13.9% (26/187) in 
those not receiving steroids. However, the difference was 

not statistically significant (P = 0.17). Univariate logistic 
regression of variables showed that age, co-morbidities, 
bDMARDs and csDMARDs were significantly associated 
with infection. Diagnosis was within the cut-off P value of 
0.1 (Table 3). Gender and steroid usage with P value > 0.1 
were excluded from multivariate analysis. Multivariate 
logistic regression with age, diagnosis, co-morbidities, 
bDMARDs and csDMARDs was performed. The model 
was statistically significant with model Chi square = 37.22, 
df = 14, P < 0.01 and Nagelkerke R2 = 0.30 (Table 4). The 
corresponding increased risk of infections noted in patients 
with SLE and those with other ARDs were 10 times and 12 
times when compared to patients with RA. The risk of infec-
tion was 11 times more in patients receiving golimumab. 
Patients on three or more csDMARDs showed 10.5 times 
increased likelihood of infection than those on single csD-
MARDs. Presence of co-morbidities in patients receiving 
bDMARD therapy was associated with a non-significant 
increase in the infection risk (2 times). Age was not signifi-
cantly associated with infection risk.

Based on the minor infection status, the patients 
(n = 179) were grouped as minor infection group (n = 26) 
and no minor infection (n = 153) group. Patients with 
unSpA, abatacept and no csDMARD groups did not 
develop minor infections and these groups were excluded 
from comparison and association studies (Fig. 1). Signifi-
cant differences in diagnosis, co-morbidities, biologic and 
csDMARDs were noted on comparison of minor infec-
tion and no minor infection groups (Suppl. table 2). Age, 
diagnosis, co-morbidities, bDMARDs and csDMARDs 
were within P < 0.1 cut-off in univariate logistic analysis 
for inclusion in multivariate logistic regression (Suppl. 
table 3). Multivariate logistic regression showed statisti-
cally significant association between diagnosis and minor 
infections (Suppl. table 4). The increased likelihood of 
minor infections noted in patients with other ARDs, SLE 
and PsA were 11 times, 8.4 times and 4 times, respec-
tively, when compared to RA patients. Patients with anky-
losing spondylosis were 40% less likely to have minor 
infections than RA patients. The point estimates of SLE, 
PsA and ankylosing spondylosis disease groups did not 
achieve statistical significance. Patients receiving goli-
mumab demonstrated 13 times increased likelihood of 
minor infections than those on rituximab. Tocilizumab 
and etanercept bDMARDs demonstrated two times more 
non-significant increase in the likelihood of minor infec-
tions. Patients receiving adalimumab and infliximab were 
27% and 19% less likely to develop minor infections than 
rituximab receiving group respectively. Patients receiv-
ing three or more csDMARDs were eight times more 
likely to have minor infection than those on single csD-
MARDs. Those on double csDMARDs had 2.5 times 
increased likelihood of minor infection. Patients with 

Table 1  Characteristics of autoimmune rheumatic disease patients 
receiving biologic disease-modifying anti-rheumatic drugs therapy

bDMARDs biological disease modifying anti-rheumatic drugs, csD-
MARDS conventional synthetic disease modifying anti-rheumatic 
drugs
a Data represented as median (min–max) or counts (percentage)
b Other autoimmune diseases—scleroderma, systemic sclerosis, 
Sjogren’s syndrome, polymyositis, dermatomyositis, mixed connec-
tive tissue diseases, chronic inflammatory demyelinating polyneu-
ropathy, microscopic polyangiitis, inflammatory polyarthritis, eosino-
philic granulomatosis with polyangiitis (Churg–Strauss syndrome), 
granulomatosis with polyangiitis (Wegener’s granulomatosis) and 
adult-onset Still’s disease
c Six patients received two bDMARDs

Variables Descriptivea

Sample size 209
Age 41 (16–84)
Gender
 Male 103 (49.28)
 Female 106 (50.72)

Diagnosis
 Rheumatoid arthritis 81 (38.76)
 Systemic lupus erythematosus 14 (6.7)
 Ankylosing spondylitis 49 (23.44)
 Psoriatic arthritis 17 (8.13)
 Undifferentiated spondyloarthropathy 18 (8.61)
 Othersb 30 (14.35)

Co-morbidities
 Absent 139 (66.51)
 Present 70 (33.49)

bDMARDsc

 Rituximab and biosimilars 59 (28.23)
 Adalimumab and biosimilars 24 (11.48)
 Etanercept and biosimilars 62 (29.67)
 Golimumab 8 (3.83)
 Infliximab and biosimilars 37 (17.7)
 Tocilizumab 17 (8.13)
 Abatacept 2 (0.96)

csDMARDS
 Single 121 (57.89)
 Double 63 (30.14)
 Three or more 15 (7.18)
 None 10 (4.78)

Steroids
 Not given 193 (92.34)
 Given 16 (7.66)
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co-morbidities showed two times increased risk for minor 
infection than those without co-morbidities. Age was not 
associated with minor infections in patients receiving 
bDMARDs.

Based on the status of major infections, patients (n = 109) 
were classified as major infection (n = 5) and no major 
infection (n = 104) groups. However, the analysis of major 

infections could not be performed, as the number of patients 
with major infections was only 5 and the sample size was 
small to obtain reliable estimates.

Table 2  Comparison of 
demographic and clinical 
variables with infection groups 
in autoimmune rheumatic 
disease patients receiving 
biologic disease-modifying anti-
rheumatic drugs

bDMARDs biological disease-modifying anti-rheumatic drugs, csDMARDS conventional synthetic disease-
modifying anti-rheumatic drugs
a Data represented as median (min–max) or counts (percentage)
b Mann–Whitney U test for data without normal distribution and chi square or Fisher’s exact test for counts 
data
c Post hoc analysis of statistically significant results by adjusted residuals (adj. res.) showed greater than 
expected number of infections in other CTDs (adj. res. 2.1) and lower number of infections in ankylosing 
spondylosis (adj. res. − 2.4) in diagnosis
d More number of infections in patients with co-morbidities (adj. res. 2.6) than those without (adj. res. 
− 2.6)
e Increased infections than expected in patients receiving golimumab (adj. res. 2.9) and less than expected 
infections in infliximab bDMARDs (adj. res. − 2.3)
f Increased number of infections in three or more csDMARDs (adj. res. 2.5) than those on single csD-
MARDs (adj. res. − 2.4)

Variablesa No infection Any infection P  valueb

Sample size 168 29
Age 39 (18–84) 48 (21–72) 0.04
Gender
 Male 88 (88) 12 (12) 0.27
 Female 80 (82.5) 17 (17.5)

Diagnosisc

 Rheumatoid arthritis 66 (84.6) 12 (15.4) 0.02
 Systemic lupus erythematosus 9 (75) 3 (25)
 Ankylosing spondylitis 46 (95.8) 2 (4.2)
 Psoriatic arthritis 13 (76.5) 4 (23.5)
 Undifferentiated spondyloarthropathy 17 (94.4) 1 (5.6)
 Others 17 (70.8) 7 (29.2)

Co-morbiditiesd

 Absent 117 (90) 13 (10) < 0.01
 Present 51 (76.1) 16 (23.9)

bDMARDse

 Rituximab and biosimilars 40 (80) 10 (20) < 0.01
 Adalimumab and biosimilars 22 (95.7) 1 (4.3)
 Etanercept and biosimilars 54 (87.1) 8 (12.9)
 Golimumab 4 (50) 4 (50)
 Infliximab and biosimilars 36 (97.3) 1 (2.7)
 Tocilizumab 12 (70.6) 5 (29.4)

csDMARDSf

 Single 109 (90.1) 12 (9.9) 0.02
 Double 51 (81) 12 (19)
 Three or more 8 (61.5) 5 (38.5)

Steroids
 Not given 161 (86.1) 26 (13.9) 0.17
 Given 7 (70) 3 (30)
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Discussion

The present study was a conjoint effort by rheumatologists 
across Karnataka to aggregate Indian data from different 
centers pertaining to the prescribing patterns and the inci-
dence of infections encountered during bDMARDs use in 
routine clinical practice. Approximately 14% of the patient 
developed infections other than TB. SLE and CTD patients 
on bDMARDs had higher incidence of infections compared 
to those with other ARDs. The infection was more related 
to the disease rather than the bDMARDs used. The AS had 
least infection considering the younger age of the subjects. 
Use of more than three csDMARDs and presence of co-mor-
bidity like diabetes had increased the incidence of infections.

Infection has been identified as the second most com-
mon cause for death in RA subjects (23%) from India [13]. 
There are studies reporting the increased susceptibility to 
infections of RA patients compared to non-RA patients. 

A population-based study by Doran et al. has concluded 
that the increased frequency of infection in RA patients 
could be due to immunosuppressive effects of the disease 
itself or the agents used for the treatment. The researchers 
have also identified soft tissues, joints, skin and the res-
piratory tract as the sites with highest risk for infections 
[14]. A review by Jasvinder Singh has also reported the 
association between RA disease activity and increased risk 
of serious infections. The study has suggested that, apart 
from the bDMARD use, the older age, history of serious 
infections and glucocorticoid dose may influence the risk 
of serious infections [15]. In concurrence with these find-
ings, the present study noted increased risk of infection 
associated with steroid use, but not with the age. The dis-
similarities noted on comparison of the present study with 
that of Jasvinder Singh, which considered only RA, could 
be due to the consideration of all the ARDs together and 
subjects with lower mean age.

Table 3  Univariate logistic 
regression for demographic 
and clinical variables with 
infection groups in autoimmune 
rheumatic disease patients 
receiving biologic disease-
modifying anti-rheumatic drugs

bDMARDs biological disease-modifying anti-rheumatic drugs, csDMARDS conventional synthetic disease-
modifying anti-rheumatic drugs

Variables Odds ratio P value 95% Confidence 
interval (lower, 
upper)

Age 1.03 0.04 1.00, 1.05
Gender
 Male 1 – –
 Female 1.56 0.28 0.70, 3.46

Diagnosis – 0.085 –
 Rheumatoid arthritis 1 – –
 Systemic lupus erythematosus 1.83 0.41 0.43, 7.77
 Ankylosing spondylitis 0.24 0.07 0.05, 1.12
 Psoriatic arthritis 1.7 0.42 0.47, 6.08
 Undifferentiated spondyloarthropathy 0.32 0.3 0.04, 2.67
 Others 2.27 0.14 0.77, 6.63

Co-morbidities
 Absent 1 – –
 Present 2.82 0.01 1.27, 6.3

bDMARDs – 0.02 –
 Rituximab and biosimilars 1 – –
 Adalimumab and biosimilars 0.18 0.12 0.02, 1.52
 Etanercept and biosimilars 0.59 0.31 0.22, 1.64
 Golimumab 4 0.08 0.85, 18.84
 Infliximab and biosimilars 0.11 0.04 0.01, 0.91
 Tocilizumab 1.67 0.42 0.48, 5.83

csDMARDS – 0.02 –
 Single 1 – –
 Double 2.14 0.09 0.90, 5.08
 Three or more 5.68 < 0.01 1.6, 20.14

Steroids
 Not given 1 – –
 Given 2.65 0.18 0.65, 10.92



504 Rheumatology International (2019) 39:497–507

1 3

Contrasting observations have been reported by vari-
ous studies with reference to infection risk associated with 
bDMARDs use. The largest prospective study, conducted 
by the British biological registry, involving 7664 anti-TNF-
treated subjects has shown no significant increase in overall 
rate of serious infections compared to those treated with 
csDMARDs, after adjustment for baseline risk. However, 
the study has reported a fourfold increased risk of skin 
and soft tissue infections in anti-TNF-treated patients [16]. 
Similarly, a retrospective cohort study conducted by Smitten 
et al. in 24,530 patients has found only slightly increased 
risk of hospitalized infection linked to the use of biological 
DMARDs (RR = 1.21; 95% CI 1.02–1.43) [17]. The study 
has also noted that oral corticosteroid use increased the risk 
of infection (RR = 1.92; 95% CI 1.67–2.21). Corroborating 
these findings, the current study also noted a higher inci-
dence of infection in subjects using steroids; 30% of the sub-
jects receiving steroids had infection, compared to subjects 
not receiving steroids (13.9%).

Very limited studies have evaluated whether the infection 
risk associated with the bDMARDs varies among patients 
with diverse ARDs. AS patients had 40% reduced likeli-
hood of minor infection compared to RA patients. SLE and 

other CTD had increased incidence of infection. The steroid 
use was higher in subjects with SLE and other CTD, and 
this could be the additional risk factor for increased infec-
tion, in addition to the disease itself. The AS and unSpA 
had lesser risk of infection, despite being managed by anti-
TNF drugs, whereas, incidence of infections was higher in 
patients receiving anti-TNF compared to other bDMARDs.

In addition, patients with co-morbidities were found 
to have higher number of infections (23.88%) than those 
without (10%). Co-morbidities, such as hypertension, dia-
betes mellitus and ischemic heart disease, were observed in 
19.14% of the subjects. Among these conditions, the high-
est infection incidence rate was noted for diabetes mellitus. 
Similar findings were noted in the study by Quartuccio et al., 
though majority of the subjects considered were having RA 
[18].

Studies indicate that the associated risk of hospitalized 
infections varies across different bDMARD agents used to 
treat RA. The difference in susceptibility to adverse drug 
reactions (e.g., serious infection, malignancy and death) 
noted for these agents could be due to the difference in the 
immune system components that serve as drug targets. Yun 
et al. have concluded that the use of etanercept, infliximab 

Table 4  Multivariate logistic 
regression estimates for 
demographic and clinical 
variables with infection groups 
in autoimmune rheumatic 
disease patients receiving 
biologic disease-modifying anti-
rheumatic drugs

bDMARDs biological disease-modifying anti-rheumatic drugs, csDMARDS conventional synthetic disease-
modifying anti-rheumatic drugs
Model: Chi square = 37.22, df = 14, P < 0.01 and Nagelkerke R2 = 0.30

Variables Odds ratio P value 95% Confidence 
interval (lower, 
upper)

Age 1.02 0.25 0.99, 1.06
Diagnosis – 0.06 –
 Rheumatoid arthritis 1 – –
 Systemic lupus erythematosus 10.37 0.04 1.08, 99.47
 Ankylosing spondylitis 1.54 0.67 0.21, 11.38
 Psoriatic arthritis 4.51 0.1 0.76, 26.64
 Undifferentiated spondyloarthropathy 0.59 0.66 0.05, 6.33
 Others 12.17 < 0.01 2.17, 67.96

Co-morbidities
 Absent 1 – –
 Present 2.07 0.13 0.80, 5.32

bDMARDs – 0.12 –
 Rituximab and biosimilars 1 – –
 Adalimumab and biosimilars 0.57 0.66 0.05, 7.05
 Etanercept and biosimilars 2.21 0.34 0.44, 11.16
 Golimumab 11.4 0.03 1.27, 102.37
 Infliximab and biosimilars 0.56 0.68 0.03, 8.82
 Tocilizumab 3.41 0.15 0.64, 18.15

csDMARDS – 0.02 –
 Single 1 – –
 Double 2.41 0.11 0.81, 7.20
 Three or more 10.55 < 0.01 1.96, 56.81
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or rituximab in RA patients with prior exposure to a bio-
logic agent is linked to 1-year risk of hospitalized infec-
tion compared to the risk associated with abatacept [19]. 
The results from the Psoriasis Longitudinal Assessment 
and Registry (PSOLAR), involving 11,466 patients with 
psoriasis, have suggested that the treatment with adali-
mumab and infliximab has higher risk of serious infections 
compared to non-methotrexate and non-biologic therapies, 
whereas the present study has noted that the infection rate 
was least with infliximab treatment. This could be due to 
the consideration of only data pertaining to non-tubercular 
infections for evaluation. Generally, it has been noted that 
the tubercular infection is more in RA patients treated with 
infliximab [20]. The respective incidence rates noted in the 
PSOLAR study for ustekinumab, etanercept, adalimumab 
and infliximab were 0.83, 1.47, 1.97, and 2.49 per 100 per 
100 patient-years [21].

The present study holds greater significance, as there 
are very limited literature data from India comparing the 
risks of infections across bDMARDs with different mecha-
nisms of action. The study highlights the need of increas-
ing the awareness among both patients and primary phy-
sicians regarding the possibility of serious infection that 
may develop during the course of the treatment. The pre-
sent study evaluated various clinically relevant variables to 
improve the generalizability of results. However, the find-
ings must be interpreted in the light of several limitations. 
One of the major limitations was not collecting the data 
on duration of illness and duration of bDMARDs received 
and hence influence of these on infection risk could not 
be ascertained. The data used in the current study lacked 
detailed information on disease severity and some clinical 
factors (e.g., smoking) that may differ between treatment 
groups. The current study included real-time data from 
rheumatology clinical settings. The variability in some 
of the factors such as other CTD disease group and bio-
similars received by study subjects could have contributed 
to heterogeneity. Adult onset Still’s disease was included 
in the other CTD group as many studies have considered 
it as a disease with autoinflammatory-autoimmune con-
tinuum [22–25]. Co-morbidities were not analyzed sepa-
rately. The possibility of misclassification and residual 
confounding cannot be excluded. In addition, the number 
of major infections reported was less to perform analysis. 
The possibility of selection bias cannot be ruled out, as 
the patients not reporting infection risk for some of the 
variables were not considered for comparison and associa-
tion studies.

Further research involving larger sample size is manda-
tory to evaluate the magnitude of infection risk associated 
with diverse bDMARD agents. Such studies should also 
focus on evaluating the effect of systemic inflammation and 
diverse drug mechanisms on the risk of serious infections.

Conclusion

The study highlights the need of conducting periodic screen-
ing and close monitoring in patients receiving bDMARDs 
for any suspected infection risk. Though the present study 
reassures that the incidence of infection other than TB is 
not higher as perceived earlier, caution is advised in elderly, 
patients on anti-TNF therapy and those with SLE and CTDs. 
The putative relationship between susceptibility to infections 
and bDMARDs and the variation in risk across different 
biological agents have to be corroborated through further 
studies.
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