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Abstract
Objective
To investigate temporal trends in infection rates among patients with inflammatory arthritides receiving tumour
necrosis factor inhibitors (TNFi) and explore whether the incidence of infections among patients starting TNFi
treatment has changed with increasing access to TNFi.

Methods
In this nationwide matched cohort study, we extracted information on all adult biologic-naive patients with
rheumatoid arthritis, psoriatic arthritis, and spondyloarthritides initiating treatment with a TNFi from the ICEBIO
registry. Each patient was randomly matched on age, sex, and calendar time to five general population comparators.
Patients were observed for two years before and after TNFi initiation. All ICD-10 infection codes and information
on filled prescriptions were extracted from nationwide registries. The data were split into four-year periods, and
incidence rate (IR) per 1000 patient-years and IR ratios (IRR) of serious infections (SI) and prescriptions for each
period were calculated.

Results
We identified 1387 individuals initiating their first TNFi treatment in 2003-2018 and 6936 general population
comparators. The between-period IRR for SI was 048 (0.25-0.94, p=0.03) for the TNFi-treated patients in the last
period compared to the first, while it was 1.05 (0.93—1.2) for antimicrobial prescriptions. The IRR for comparators
was stable for SI but increased for antimicrobial prescriptions (1.2 (1.1-1.3)).

Conclusion
The study found that the IRR of serious infections associated with TNFi in patients with inflammatory arthritides
has decreased over the years. The trend of diminishing SI incidence needs to be considered when analysing data
over long periods or comparing recent research to previously published data.
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Introduction

Inflammatory arthritides are a group of
diseases that mainly cause joint inflam-
mation, resulting in pain, swelling, and
stiffness. The most common systemic
inflammatory arthritides are rheuma-
toid arthritis (RA), psoriatic arthritis
(PsA), and other spondyloarthritides
(SpA). Patients with these conditions
are at a higher risk of infection, which
can be attributed to both the immune
dysregulation attributed to the disease
and the immunosuppressive treatments
used to manage it (1-5). One such treat-
ment is tumour necrosis factor inhibi-
tors (TNFi), which have revolution-
ised the management of inflammatory
arthritides over the past two decades.
However, the use of TNFi therapy has
been associated with an increased risk
of infections, which can lead to se-
vere complications and even mortal-
ity (6-13). These infections are usually
classified into serious infections (SI)
requiring hospitalisation, intravenous
antibiotics, or resulting in death, and
minor infections treated in an outpa-
tient setting. In Iceland, infections are
the third most common adverse effect
of TNFi, accounting for 10% of treat-
ment discontinuation in rheumatic pa-
tients (14). Therefore, monitoring and
reporting on the infection risk associ-
ated with TNFi therapy and identifying
trends over time is important.

The heightened risk of infections as-
sociated with TNFi in rheumatic pa-
tients is well documented (6-10, 13,
15-18). However, a potential trend of
decreasing risk of SI in TNFi-treated
rheumatic patients in recent years was
reported in a large meta-analysis by
Singh et al. (19). A similar observa-
tion was also noted in a single-centre
study from Japan (20). Several factors
could contribute to this trend, including
greater clinical experience with TNFi,
leading to improved patient selection
for treatment. Moreover, the increased
access to treatment due to the advent
of biosimilars could facilitate the treat-
ment of less severe disease. The earlier
treatment with TNFi of less severe dis-
ease would lead to reduced exposure to
glucocorticoids (GC) and conventional
synthetic disease-modifying anti-rheu-
matic drugs (csDMARDs). While the

first hypothesis is impossible to test
objectively, the others lend themselves
to analysing the available data.

We conducted a nationwide cohort
study in Iceland to examine the tempo-
ral trends in overall infection rates in
patients with inflammatory arthritides
treated with TNFi therapy compared
to the general population. We also in-
vestigated whether patients starting
therapy more recently had less disease
severity, reduced exposure to glucocor-
ticoids and csDMARDs, and whether
the number of patients beginning TNFi
treatment had increased with the intro-
duction of biosimilars.

Patients and methods

We performed a nationwide matched
cohort study of adult biologic naive
patients with RA, PsA, and other SpA
who received their first treatment epi-
sode with a TNFi from January 2003
through December 2018. Each patient
was matched on age, sex, and calendar
time to five individuals from the gener-
al population, randomly selected from
Registers Iceland, the official civil reg-
istry. Data were collected for the study
population two years before and after
TNFi treatment for the patients or their
matched reference date for the com-
parators, covering 2001 through 2020.

Data sources

Patients with inflammatory arthritides
treated with bDMARD:Ss in Iceland are
registered in the nationwide Icelandic
Registry of Biologic Treatment (ICE-
BIO). ICEBIO presently possesses
information on over 98% of these pa-
tients, encompassing comprehensive
patient characteristics, disease activity
scores, and treatment details. Entries
are done near treatment initiation, at six
months, and then annually. The Icelan-
dic Directorate of Health operates the
Icelandic Hospital Discharge Register
(IHDR) and the Icelandic Prescrip-
tion Medicines Register IPMR). Both
are nationwide registers. The THDR
contains all hospital admissions from
1999 and outpatient visits from 2011.
The IPMR covers nearly all filled pre-
scriptions beginning in 2002, with de-
creased coverage before that year (21).
From the THDR, we extracted infor-
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mation on all hospital admissions and
outpatient visits with an International
Classification of Diseases 10th revi-
sion (ICD 10) code for infection (Ta-
ble 1) occurring within two years be-
fore and after treatment initiation with
TNFi. From the IPMR, we extracted
prescription data for antimicrobials
for all individuals in the study for two
years before and two years after initiat-
ing the first TNFi treatment. Each pre-
scription contained information about
the date the prescription was filled at
the pharmacy, the Anatomical Thera-
peutic Chemical Classification System
(ATC) code, and the dose and adminis-
tration form. All prescription medica-
tions with ATC codes starting with JO1
(antibiotics), JO2 (antimycotics), JOS
(antivirals) and ATC codes PO1ABO1
(metronidazole, antibiotic), HO02AB
(glucocorticoids) and LO4AX03 &
LO1BAO (methotrexate) were included
in the study. Prescriptions with ACT
codes JO4 (antimycobacterial), JOSAR
(anti-HIV) and JOSAP (anti-hepatitis-
C) were excluded. Antimicrobial and
glucocorticoid use was further quan-
tified by Defined Daily Doses (DDD)
as specified by the World Health Or-
ganisation (WHO) at the time of data
extraction in October 2021 (22). WHO
defines DDD for medication as the av-
erage daily maintenance dose for its
main indication in adults.

Exposure

Patients were considered exposed af-
ter the recorded date of the initiation
of TNFi therapy. Patients and matched
comparators were observed for two
years before and after this index date
or up to 30 days after treatment discon-
tinuation, whichever came first.

Outcomes

The primary outcome was the occur-
rence of an SI, defined as a hospitalisa-
tion with an ICD-10 diagnosis for in-
fection, a filled prescription for intrave-
nous (I'V) antibiotics, or treatment with
intravenous antibiotics as an outpatient
in the hospital. Multiple events occur-
ring within 30 days were considered a
single event. The number of prescrip-
tions for antimicrobial agents was ana-
lysed as a secondary outcome.
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Table I. ICD-10 codes used to identify infections.

A00-A99

B00-B99

G00-G07

H44.0,H44.1, H60.1, H60.2, H66.0, H70
133.0

J00-J06, J09-J18,J09-018, J20.0-J22, 136, J39.0, J44.0, J85,J86
K35,K61.0- K61.4,K63.0,K63.1,K65.0- K65.3,K65.8, K65.9,K68.1,K75.0, K81, K83.0

L00, L02,L03,L05.0

MO0, M01.0, M65.0, M65.1,M71.0, M71.1, M86

N10.0,N30.0,N34.0,N39,N70.0,N71.1,N72,N73,N75.1

085,086.0,091

T80.2,T81.4,T82.6,T82.7, T83.5,T83.6, T84.5,T84.6, T84.7, T85.7

International classification of diseases 10th revision (ICD 10) codes for infections extracted from the

Icelandic Hospital Discharge Register.

The primary and secondary outcomes
were measured by counting the SI
events and prescriptions per individual.
These counts were used to calculate the
incidence rate ratios between the peri-
ods before and after starting a TNFi, to
compare the rates between patients and
the matched comparison cohort, and to
analyse further based on demographics,
disease activity, and the year of treat-
ment start.

Covariables and stratification

To construct multivariable models, vari-
ables such as age, sex, date of diagnosis,
and date of TNFi treatment initiation
were used, along with disease activity
information from the start of TNFi ther-
apy, including Health Assessment Ques-
tionnaire (HAQ) scores, Disease Activ-
ity Score 28-joint count and C-reactive
protein (DAS28-CRP), methotrexate
use, and the number of prescriptions
for antibiotics and glucocorticoids. The
patient groups were divided into four-
year periods based on the year of TNFi
initiation: 2003-2006,2007-2010,2011-
2014, and 2015-2018.

Statistical analysis

The rate of SIs and antimicrobial use
was compared by period. Infection
rates (IR) between groups were com-
pared by events per 1000 patient-years
(py) calculated using the epiR package
in R, and the exact Poisson test was
used to test null hypotheses (23). Anal-
ysis of Variance (ANOVA) was used to
examine differences in patient charac-
teristics between periods. The distribu-
tion of quantitative variables was evalu-
ated visually using histograms or Q-Q

plots to determine normality. Predictors
for infections were estimated using uni-
and multivariable Poisson linear re-
gression, with the number of infection
events following TNFi as the dependent
variable. Different models were built,
treating the time of TNFi initiation as
either a categorical (four-year period)
or a linear variable (year). For the mul-
tivariable model, variables significant
in the univariable analysis will be in-
cluded along with age, time period, and
biological gender. If multiple disease
activity measures or HAQ scores were
significant in the univariable analysis,
the variable with the least missing data
would be selected for the multivariable
model. Comparable models were con-
structed for the comparators to compare
possible trends in the general popula-
tion. Missing data were handled with
multiple imputations using chain reac-
tions with the MICE package in R (24).
All calculations are shown with a 95%
confidence interval (CI) in brackets un-
less indicated otherwise. Continuous
variables are reported as means, while
categorical variables are presented as
counts and percentages. A significance
level of 0.05 was set. Given that our
primary comparisons were predefined,
no additional adjustments for multiple
comparisons were applied.

All data were anonymised before analy-
sis. Statistical analysis was performed
in RStudio (version 2022.12.0+353;
R Project for Statistical Computing,
Vienna, Austria), and data preparation
was carried out in Microsoft Excel (ver-
sion 16.69.1; Microsoft Corporation,
Washington, USA). The study protocol
was accepted by the National Bioethi-
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Table II. Patient and comparator characteristics between periods.

2003-2006 2007-2010 2011-2014 2015-2018 Overall
Patients
Number of individuals (n) 246 269 367 505 1387
Age in years, mean years (SD) 494 (12.8) 49.1 (14.0) 48.5 (14.3) 48.7 (15.0) 48.8 (14.2)
Sex Female (%) 62.2% 59.5% 56.4% 59.0% 59.0%
Years from diagnosis, mean (SD) 11.1 (10.2) 8.04 (9.11) 6.70 (8.39) 5.74 (8.06) 748 (8.98)
Diagnosis
PsA 52 (21.1%) 70 (26.0%) 123 (33.5%) 175 (34.7%) 420 (30.3%)
RA 123 (50.0%) 124 (46.1%) 153 (41.7%) 183 (36.2%) 583 (42.0%)
SpA 71 (28.9%) 75 (27.9%) 91 (24.8%) 147 (29.1%) 384 (27.7%)
HAQ at baseline, mean (SD) 0.760 (0.609) 0.956 (0.698) 1.19 (0.649) 1.12 (0.610) 1.07 (0.650)
DAS28-CRP at baseline, mean (SD) 4.25 (1.50) 4.09 (1.32) 4.32 (1.18) 4.09 (1.23) 4.18 (1.27)
Doctor VAS score at baseline, mean (SD) 582 (17.0) 57.7 (15.5) 564 (18.9) 543 (21.2) 56.1 (19.0)
DDD of GC for 2 years following TNFi, mean (SD) 85.5 (155) 91.5 (161) 76.6 (158) 80.1 (147) 824 (154)
DDD of GC for 2 years before TNFi, mean (SD) 114 (164) 126 (195) 102 (178) 134 (208) 120 (191)
Comparators
Number of individuals (n) 1227 1349 1833 2527 6936
Age, mean years (SD) 494 (12.8) 48.8 (14.3) 485 (14.2) 48.5 (15.1) 48.7 (14.3)
Sex, Female (%) 62.2% 59.7% 56.4% 58.9% 59.0%
DDD of GC for 2 years before the reference date, mean (SD) 0.0389 (0.532) 0.0770 (1.41) 0.106 (1.01) 0.250 (4.40) 0.141 (2.78)
DDD of GC for 2 years after the reference date, mean (SD) 0.0494 (0.694) 0.0528 (0.808) 0.112 (1.42) 0.127 (1.64) 0.0949 (1.31)

DAS28-CRP: Disease Activity Score 28-joint count and C-reactive protein; DDD: defined daily doses; GC: glucocorticoids; HAQ: Health Assessment
Questionnaire; PsA: psoriatic arthritis; RA: rheumatoid arthritis; SpA: spondyloarthritis; VAS: visual analogue score.

cal Committee and the Data Protection
Authority in Iceland (Licence: VSN-
18-008).

Results

Patients and comparators

We identified 1387 individuals who
initiated their first treatment episode for
inflammatory arthritis with a TNFi dur-
ing the study period. Of these patients
59% were females, 583 (42%) were
diagnosed with RA, 420 (30.3%) with
PsA, and 384 (27.7%) with other SpA.
The mean age was 48.8 (48.1-49.6),
with 13% older than 65. Detailed de-
mographics are shown in Table II, and
differences between patient groups are
shown in Supplementary Table S1. The
mean follow-up time after TNFi initia-
tion was 1.9 (1.88-1.91) years.

There were 6936 matched comparators
for these patients. Their mean age was
48.7 (48.4-49.1), and 59% were fe-
males (Table II).

Infections

The patient group filled 7941 prescrip-
tions for oral antimicrobials, 3585 be-
fore exposure to TNFi and 4356 after.
The comparison cohort filled 4098 be-
fore the index date and 3852 after, for
a total of 7950 prescriptions. The IR for
filled antimicrobial prescriptions rose
from 1292.4 (1250.4-1335.4) per 1000
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py before TNFi treatment to 1657.1
(1608.2-1707), with an incidence
rate ratio (IRR) of 1.28 (1.22-1.34,
p<0.001). The IR for filled antimicro-
bial prescriptions for the comparators
was 2954 (286.4-304.6) per 1000
py before the reference date and 293
(283.8-302.4) after (p=0.72).

The patient group had 217 hospital
admissions with an ICD-10 code for
an infection, nine prescriptions for IV
antimicrobials, and two treatment epi-
sodes in an outpatient clinic. After ana-
lysing the data, 139 SI (58 before vs. 81
after TNFi) were identified according
to the study protocol. For the compara-
tors, we identified 391 hospital admis-
sions, three filled prescriptions for IV
antibiotic, and 78 treatment episodes
in outpatient clinics. Three hundred
thirty-six serious infection events were
identified (163 before vs. 173 after).
The most frequent ICD-10 codes for
SI for the TNFi-treated patients were
lower respiratory tract infections (34,
25%), genitourinary infections (28,
21%), and skin and subcutaneous in-
fections (20, 15%). For the compara-
tors during the same reference period,
the most frequent SI were genitouri-
nary infections (47, 24%), lower res-
piratory tract infections (41, 21%) and
abdominal cavity infections (28, 14%).
The patients had 20.9 (15.9-27) SI per

1000 py before TNFi initiation, and the
IR rose to 30.8 (24.5-38.3) per 1000
py after TNFi initiation, with an IRR
of 1.47 (1.04-2.1, p=0.027). The com-
parators had an IR of 12.1 (10.3-14.1)
SI per 1000 py before the reference date
and 12.2 (10.4-14.3) after (p=0.956).

Analysis by period

The patient groups were divided into
four-year periods based on the year of
TNFi initiation: 2003-2006 (n=246),
2007-2010 (n=269),2011-2014 (n=367),
and 2015-2018 (n=505).

Analysis by variance (ANOVA) dem-
onstrated that the patient groups were
similar in terms of age, glucocorticoid
use, DAS28-CRP, and physician visual
analogue score (VAS) at baseline. The
groups differed regarding HAQ scores
at baseline and their time from diagno-
sis. The mean HAQ score at baseline
rose from 0.76 (0.65-0.87) in the first
period of 2003-2006 to 1.11 (1.06—
1.18) in 2015-2018 (p<0.001). At the
same time, the mean time from diag-
nosis to TNFi treatment changed from
11.1 (9.8-12.5) years to 5.7 (4.9-6.5)
years (p<0.001) (Table II).

The IR per 1000 py for SI in the TNFi-
treated group was 36 (21-57.7) in the
first period and 22.4 (13.9-34.3) in the
last (IRR 0.6, p=0.17) (Table III) while
it decreased in the patients before TNFi
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Table III. Incidence rates per 1000 patient years with 95% confidence intervals.

2003-2006 2007-2010 2011-2014 2015-2018
Serious infections
Patients after TNFi 36 (21-57.7) 40.6 (25.1-62.1) 31.3 (19.6-47.4) 224 (13.9-34.3)
Patients before TNFi 32.6 (18.4-50.6) 31.6 (18.4-50.6.5) 16.3 (8.4-28.6)* 12.8 (6.8-22)*
Comparators after reference date 9.8 (6.2-14.7) 15.8 (11.3-21.4) 10.5 (7.4-14.5) 12.8 (9.8-16.5)
Comparators before reference date 134 (9.3-18.9) 13.4 (9.9-17.7) 9 (6.2-12.6) 10.5 (7.9-13.7)

Antimicrobrial prescriptions
Patients after TNFi

Patients before TNFi*

Comparators after reference date
Comparators before reference date’

1443 (1336-1555)
981 (893-1074)"
268 (247-289)
256 (236-276)"

1547 (1442-1658)
1481 (1378-1590)
266 (246-286)
277 (257-297)

1803 (1705-1905)**
1420 (1334-1511)
288 (271-306)

290 (273-308)

1717 (1634-1803)%*
1450 (1374-1529)
325 (309-341)%*
329 (313-345)

IR might be underestimated in the first period due to incomplete coverage of the Icelandic Prescription Medicines Register for the year 2001.

p-values are not calculated.

** p<0.01 when compared to the 2003-2007 group with an exact Poisson test. * p<0.05 when compared to the 2003-2007 group with an exact Poisson test.

initiation from 32.6 (18.4-50.6) in the
first period to 12.8 (9.8—16.5) in the last
(IRR 04, p=0.016). At the same time,
the IR per 1000 py for the matched
comparators remained stable both be-
fore the reference date, 13.4 (9.3-18:9)
to 10.5 (7.9-13.7) (IRR 0.8, p=0.3),
and after IR of 9.8 (6.2-14.7) to 12.8
(9.8-16.5) (IRR 1.3, p=0.3) (Table III).
The IRR of SI in the TNFi-treated
patients compared to comparators
changed from 2.8 (1.5-5.3, p<0.001) in
the first period to 1.7 (1.01-2.9, p=0.04)
in the last period.

The IR for antimicrobial prescrip-
tions increased in the patient group
from 1442.5 (1346.3-1555) to 1716.6
(1633.7-1802.6) per 1000 py (IRR
1.2, p<0.001) and in the compara-
tors from 278 (260.2-296.7) to 336.9
(318.7-355.8) NP per 1000 py (IRR
1.2, p<0.001) (Table III).

Multivariable analyses

In a univariate analysis, SI was posi-
tively associated with prior antimicro-
bial prescriptions, prior SI, baseline
HAQ score, age, and glucocorticoid
use. In contrast, the increasing length
of TNFi treatment was associated with
reduced IRR. Neither the DAS28-CRP
score, methotrexate use, diagnosis,
time from diagnosis, sex, physician
VAS score, nor time period was sig-
nificantly associated with SI. However,
a non-significant trend towards de-
creased incidence rates in recent years
was observed (p=0.0523) (Table IV).
All significant associations from the
univariable analysis, in addition to pe-
riod, sex and diagnosis, were included
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in a multivariable model. In this model,
the HAQ score, glucocorticoid use, age,
prior infections, and period remained
statistically significant predictors of SI
after TNFi initiation. We observed a
significant trend of decreasing IRR of
SI with each passing year (IRR 0.95
(0.91-0.96), p=0.03), with patients ini-
tiating TNFi in the last four-year period
having half the IRR of SI compared to
patients in the first period (IRR 0.48
(0.25-0.94), p=0.03) (Table IV). For
the matched comparators, previous in-
fections, age, female sex, and glucocor-
ticoid use were associated with a higher
incidence of SI, while the period was
not (Table V).

In the univariable analysis for antimi-
crobial prescriptions, prior antimicro-
bial prescriptions, baseline HAQ score,
age, period and glucocorticoid use
were associated with increased IRR.
In contrast, male sex and SpA diagno-
sis were associated with reduced IRR.
In the multivariable model adjusted
for significant covariates on the uni-
variable analysis, glucocorticoid use,
prior antimicrobial prescriptions, and
sex remained a statistically significant
predictor of antimicrobial prescriptions
after TNFi initiation. Patients initiating
TNFi in the years 2011-2014 had an
IRR of 1.1 (1.01-1.2, p=0.036) com-
pared to patients in the first period,
although no significant time trend was
observed (p=0.08) (Table IV). For the
matched comparators, previous infec-
tions, age, female sex, and glucocorti-
coid use were associated with a higher
incidence of SI, with a trend of in-
creasing number of prescriptions each

year (IRR 1.02 (1.01-1.03), p<0.001)
(Table V).

Discussion

In this nationwide registry study, we in-
vestigated time trends in the incidence
of infections over 20 years, observing
nearly 5400 patient-years and 27,000
person-years in general population
comparators. We found a significant
declining trend in the incidence of SIs
in recent years among patients with
inflammatory arthritides who initiated
treatment with TNFi. Patients initiat-
ing their treatment in 2015-2018 had an
IRR of approximately half that of those
starting their treatment in 2003-2006
(Fig. 1). Importantly, this trend was
not wholly attributable to alterations in
patient characteristics or disease activ-
ity during the periods studied, and the
background rate of SIs for the general
population comparators remained con-
stant throughout the study duration.
This trend was not detected in multi-
variable models related to antimicrobial
prescriptions despite an overall rise in
the absolute incidence rate during the
study period. Concurrently, the back-
ground incidence of antimicrobial pre-
scriptions within the matched general
population comparators increased.

The decreasing incidence of seri-
ous infections observed in our study
may have several contributing factors.
Throughout the course of the study,
the interval between the diagnosis of
rheumatic disease and the initiation of
TNFi treatment decreased by nearly
half. It is a reasonable assumption that
patients with a shorter disease duration
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Table IV. Regression models for the patients.

Univariate IRR for
serious infections

Multivariate IRR for
serious infections.
Time as catagorical
variable

Multivariate IRR for
serious infections.
Time as linear variable

Univariate IRR for
antimicrobrial
prescriptions

Multivariate IRR for
antimicrobrial
prescriptions.

Time as categorical

variable

Multivariate IRR for
antimicrobrial
prescriptions.
Time as linear

variable

Age
Sex

Female

Male
Years from diagnosis
HAQ at baseline
DAS28crp at baseline
VAS doctor at baseline

Time period
2003-2006
2007-2010
2011-2014
2015-2018

Year of TNFi initiation

Diagnosis
PsA
RA
SpA
DDD for GC after
TNFi
SIs before TNFi
NP of antimicrobials
before TNFi
Methotrexate use (Yes)
TNFi treatment length
(months)

1.037 (1.02-1.04)**

1 (reference)
0.7 (0.45-1.1)°
1.008 (0.98-1.031)
1.98 (1.36-2.88)**
1.19 (0.97-1.46)°
1.01 (0.99-1.03)¢

1 (reference)
1.12 (0.6-2.17)
0.87 (0.46-1.66)
0.6 (0.32-1.16)°
0.96 (091-1)

1 (reference)

1.28 (0.778-2.173)
0.81 (043-1.5)
1.003

242 (1.73-3.12)**
1.06 (1.006-1.101)*

0.7
0.999

(0.45-1.07)
(0.998-1)*

103 (1.01-1.04)%*

1 (reference)
09 (0.5-1.5)

1.73 (1.2-2.5)%*

1 (reference)
0.88 (0.45-1.73)
0.71 (0.37-1.29)
0.48 (0.25-0.94)*

1 (reference)
0.85 (0.48-1.52)
1.35 (0.68-2.65)

478 (1.81-13.3)**
1.06 (1.003-1.1)*

0.96 (0.93-1.004)e

1.03 (1.01-1.04)**

1 (reference)
0.9 (0.52-1.5)

1.75 (1.22-2.5)**

0.95 (0.91-0.96)*

1 (reference)
0.85 (0.48-1.53)
1.36 (0.69-2.65)

4.78 (1.8 =2-13.11)**

106 (1.004-1.1)*

0.97 (0.93-1.006)¢

1.003 (1.0006-1.005)%*

1 (reference)
0.6 (0.56-0.64) **
0.997 (0.997-1.001)
1.2 (1.15-1.28)**
1.03 (0.995-1.05)e
0.996 (0.994-0.998)%**

1 (reference)

1.1 (0.97-1.2)

1.2 (1.1-1.4)%*

14 (1.1-1.3)%*
1.012 (1.005-1.018)**

1 (reference)
1.07 (0.99-1.15)¢
0.87 (0.81-0.95)**

(1.002-1.003)** 1.002 (1.001-1.003)** 1.002 (1.001-1.003)**1.001 (1.0004-1.0007)**

1 (0.87-1.1)
1.1 (1.095-1.11)%*

105 (0.99-1.12)e
105 (1.04-1.06)%*

1 (0.998-1.003)

1 (reference)
0.7 (0.65-0.75)**

1.012 (0.97-1.06)

1 (reference)
091 (0.82-1.01)°
1.1 (1.01-1.2)*
1.05 (0.96.-1.2)

1 (reference)
1.02 (0.95-1.1)
1.01 (0.92-1.1)

1 (1-1.001)**

1.096 (1.091-1.1) **

1.05 (1.04-1.06)**

1 (0.998-1.003)

1 (reference)
0.7 (0.65-0.75)%*

1.025 (0.97-1.09)

101 (0.999-1.013)e

1 (reference)
1.02 (0.94-1.1)
1.01 (0.92-1.1)

1 (1-1.001)*%*

1.095 (1.09-1.1) **

1.002 (1.001-1.002)%**

Incidence rate ratios (IRR) estimates with 95% CI through Poisson regression. Multivariate IRRs are adjusted significant parameters from univariate analysis, sex, diagnosis and

time period.

e p<0.25, * p<0.05, ** p<0.001.
DDD: defined daily doses; GC: glucocorticoid steroids; HAQ: Health Assessment Questionnaire; NP: number of prescriptions; PsA: psoriatic arthirits; RA: rheumatoid arthritis;
SI: serious infection; SpA: spondyloarthritis; TNFi: tumour necrosis factor inhibitors.

Table V. Regression models for the comparators.

Univariate IRR for
serious infections

Multivariate IRR

for serious infections.
Time as catagorical

variable

Multivariate IRR for

serious infections.
Time as linear
variable

Univariate IRR for
antimicrobrial
prescriptions

Multivariate IRR for
antimicrobrial
prescriptions.

Time as catagorical

variable

Multivariate IRR for
antimicrobrial
prescriptions.
Time as linear

variable

Age

Sex
Female
Male

Time period
2003-2006
2007-2010
2011-2014
2015-2018

Year of TNFi initiation

DDD for GC after
TNFi

SIs before reference
date

NP of antimicrobials
before TNFi

1.05 (1.04-1.06)*

1 (reference)
0.57 (0.4-0.79)%*

1 (reference)
1.62 (0.98-2.74)
1.08 (0.65-1.84)
1.31 (0.82-2.16)

1 (0.97-1.003)

1.04 (1.03-1.05)%*

1 (reference)
0.62 (0.43-0.87)**

1 (reference)
1.81 (1.08-3.1)*
1.26 (0.74-2.22)
1.48 (0.9-2.51)

1.002 (1.001-1.003)** 1.002 (1.001-1.003)*

2.25 (2.01-2.47)%*

1.11 (1.08-1.14)**

1.94 (1.68-2.2)**

1.1 (1.05-1.13)%*

1.04 (1.03-1.05)**

1 (reference)
0.62 (0.44-0.86)**

101 (0.97-1.04)
1.002 (1-1.003)*

1.9-1.66-2.15)**

1.09 (1.05-1.12)**

1.01 (1.004-1.009)

1 (reference)
0.85 (0.8-0.91)**

1 (reference)
0.99 (0.89-1.1)
1.1 (0.98-1.19)
1.2 (1.1-1.3)%**
1.02 (1.01-1.03)**

1.0028 (1.0026-1.0029)

1.6 (1.5-1.7)%*

1.15 (1.147-1.154)**

1.001 (0.99-1.003)

1 (reference)
0.94 (0.88-1.007)

1 (reference)
1.03 (0.92-1.46)
091 (0.82-1.01)

1.2 (1.1-1.3)%**

1 (1-1.001)**

142 (1.3-1.54%%)

1.15 (1.146-1.154) **

1.001 (0.999-1.003)

1 (reference)
0.93 (0.87-1.003)*

102 (1.01-1.03)%*
1.002 (1.002-1.003%%)

1.44 (1.32-1.55)**

1.147 (1.143-1.15)**

Incidence rate ratios (IRR) estimates with 95% CI through Poisson regression. Multivariate IRRs are adjusted significant parameters from univariate analysis, sex, diagnosis and

time period.
* p<0.05, ** p<0.001.

DDD: defined daily doses; GC: glucocorticoid steroids; NP: number of prescriptions; SI: serious infection.
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Incidence rate ratio (IRR) for serious infections

2.0

Fig. 1. Incidence rate
ratio (IRR) estimates

with 95% CI from
Poisson regression for
serious infections in

TNFi treated patients
by time period using
2003-2006 as refer-
ence. Individuals are

IRR

observed up to two
years following TNFi
initiation  (reference

year). The model cor-
rects for age, sex, pre-
vious infections, HAQ

0.0

]
2003-2006
[Reference]

Reference year

T T
2007-2010 2011-2014

score, glucocorticoid
use and diagnosis
(RA, PsA or SpA).

T
2015-2018

would experience reduced exposure to
glucocorticoids and a lower incidence
of comorbidities associated with their
condition. High disease activity, co-
morbidities, and glucocorticoid use are
all associated with an increased risk of
SI, and the risk attributed to glucocor-
ticoids is particularly prominent when
combined with TNFi (10, 11, 16, 25-
28). The reduction in disease duration
may explain why SI rates among the
patients before TNFi treatment fell by
over fifty percent between the initial
and final assessment period, aligning
with general population rates. This de-
cline could lead to a lower risk of SI, as
our models show that these pre-existing
rates are significant risk factors during
TNFi treatment (IRR 4.73 (1.8-13.3)).
A lower burden of comorbidities may
partly explain the declining risk of SI
over time. Since comorbidities are
closely linked to antibiotic prescrip-
tions, a corresponding decrease in
antimicrobial use would be expected
(29). Additionally, improved patient
selection — favouring healthier indi-
viduals with fewer risk factors for TNFi
treatment — should theoretically lead
to fewer antimicrobial prescriptions.
However, our models did not support
this expectation. Instead, the absolute
incidence rate of antimicrobial pre-
scriptions among TNFi-treated patients
increased over the study period, and the
patients had more disabling disease.
This suggests that while shifts in co-
morbidity profiles and patient selection
may have contributed to the declining
IRR of SI, they are unlikely to explain
these findings fully.

Clinical and Experimental Rheumatology 2025

An alternative explanation for the
change in the incidence of infections is
that healthcare providers have become
more experienced with TNFi, coupled
with increased patient education re-
garding their treatment. This might
result in patients seeking medical help
sooner and receiving antibiotics more
promptly upon the onset of infections.
Physicians might also have a higher
threshold for admitting these patients
due to infections than they did initially
after the introduction of TNFi. Follow-
ing the introduction of TNFi to clinical
practice, an increased risk of tuberculo-
sis infections was recognised (30-32).
This inevitably raised concerns regard-
ing increased infection risks in TNFi-
treated patients. Studies in the early
days of the TNFi era reported up to
50% lower 30-day mortality following
hospitalisation in TNFi-treated RA pa-
tients than those on csDMARDs, pos-
sibly indicating a lower threshold for
admitting these patients (10).

The patient groups have become in-
creasingly balanced between RA
(36%), PsA (35%), and SpA (29%) in
the last period, in contrast to nearly
half of all TNFi-treated patients having
an RA diagnosis in the first period. Ex-
isting registry studies have demonstrat-
ed that TNFi-treated RA patients are
at a heightened risk of SI compared to
those with a PsA diagnosis (33). How-
ever, this study does not support that
explanation, as our multivariable mod-
els did not demonstrate any significant
difference in infection rates between
patient groups, neither for SI nor for
antimicrobial prescriptions.

The strengths of this study lie in its na-
tionwide design and the completeness
and reliability of the ICEBIO registry,
along with the data provided by the
Icelandic Directorate of Health. Dur-
ing the study timeframe, nearly all oral
antibiotics, antivirals, and antifungals
required a prescription, except a single
fluconazole tablet for vaginal candidi-
asis and one treatment dose of valacy-
clovir for cold sores. This ensures com-
prehensive coverage of antimicrobial
usage. Another strength resides in in-
cluding SI treated with intravenous an-
tibiotics as outpatients, as these infec-
tions have usually not been included in
previous studies. Intravenous antibiotic
treatment in an outpatient setting is be-
coming more common in clinical prac-
tice and may confound temporal trend
analysis of SIs (34-36). However, our
study might underestimate the SI inci-
dence in the earliest years of the study
period, as data on outpatient visits only
go back to 2011.

This study has limitations that warrant
consideration. It could not account for
comorbidities or the potential influ-
ences of other csDMARDs aside from
methotrexate. The study design pre-
vents us from accessing ICD-10 codes
from outpatient clinics and general
practices, limiting our ability to link an-
timicrobial prescriptions to infections.
Consequently, the data will contain an-
timicrobial prescriptions unrelated to
ongoing infections. While less severe
or viral infections, typically not treated
with antimicrobials, are overlooked.
Furthermore, the study does not consid-
er the impact of changes in managing
infections over time, such as the possi-
ble increased use of vaccines known to
mitigate the risk of SI among rheumatic
patients (37). Further, as the risk of se-
rious infections is highest in the initial
months after TNFi initiation, a possible
survivor bias may arise, where patients
at the highest risk discontinue treatment
early, leaving only those with lower in-
fection susceptibility to be observed
(16). With our two-year follow-up, this
could potentially dilute the reported ab-
solute incidence numbers.

Iceland has a universal healthcare sys-
tem where nearly all costs of medical
treatment are covered by government
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health insurance, ensuring equal access
regardless of socioeconomic status. Ad-
ditionally, Icelandic rheumatologists
must apply to a central drug committee
(CDCQ) to initiate and renew bDMARD
treatment annually. The CDC grants
licenses for specific bDMARDs based
on a national tender process, typically
favouring the most economical option.
While rheumatologists can request
alternative treatments, this system in-
troduces a strong channelling bias to-
ward TNFi as the first-line bDMARD
treatment due to its historical cost-
effectiveness. Variations in healthcare
systems across countries could restrict
straightforward comparisons, particu-
larly where prescribing choices are
less centralised or heavily impacted by
private insurance. Nonetheless, our re-
sults are consistent with research from
other nations that also indicate a declin-
ing risk of serious infections among
TNFi users over time. This implies that
the identified trend is not exclusive to
Iceland and could signify broader ad-
vancements in patient selection, chang-
ing clinical practices, or biases within
the healthcare sector.

In conclusion, this nationwide longitu-
dinal study demonstrated that the inci-
dence of serious infections associated
with TNFi in patients with inflamma-
tory arthritides has decreased in recent
years. At the same time, antimicrobial
use has remained stable. This trend of
diminishing SI incidence rates must be
considered when analysing data over
long periods or comparing recent re-
search to previously published data.

Acknowledgements

We thank all patients who regularly
record their symptoms in ICEBIO and
to all rheumatologists in Iceland who
are part of the ICEBIO group.

The ICEBIO-group

Kristjan Erlendsson, Arni J Geirsson,
Bjorn Gudbjornsson, Gerdur Grondal,
Ragnar Freyr Ingvarsson, Helgi Jons-
son, Thorunn Jonsdottir, Lovisa Leifs-
dottir, Bjorn R Ludviksson, Thorvardur
J Love, Olafur Palsson, Gudrun B Rey-
nisdottir, Saedis Saevarsdottir, Kristjan
Steinsson, Gunnar Tomasson, Bjarni
Thorsteinsson, Arnor Vikingsson

1886

References

1

11

12.

. MIKULS TR, SAAG KG, CRISWELL LA et al.:

Mortality risk associated with rheumatoid ar-
thritis in a prospective cohort of older wom-
en: results from the Iowa Women’s Health
Study. Ann Rheum Dis 2002; 61: 994-99.
https://doi.org/10.1136/ard.61.11.994

. MUTRU O, LAAKSO M, ISOMAKI H, KOOTA

K: Ten year mortality and causes of death in
patients with rheumatoid arthritis. Br Med J
(Clin Res Ed) 1985; 290: 1797.
https://doi.org/10.1136/bmj.290.6484.1797

. BAUM J: Infection in rheumatoid arthritis.

Arthritis Rheum 1971; 14: 135-37.
https://doi.org/10.1002/art.1780140119

. QUARTUCCIO L, ZABOTTI A, ZOTTO SD, ZA-

NIER L, VITA SD, VALENT F: Risk of serious
infection among patients receiving biologics
for chronic inflammatory diseases: useful-
ness of administrative data. J Adv Res 2018;
15: 87-93.

https://doi.org/10.1016/j jare.2018.09.003

. SCOTT DL, WOLFE F, HUIZINGA TWI: Rheu-

matoid arthritis. Lancer 2010; 376: 1094-
108. Available from: https://
doi.org/10.1016/S0140-6736(10)60826-4

. ASKLING J, FORED CM, BRANDT L et al.:

Time-dependent increase in risk of hospi-
talisation with infection among Swedish RA
patients treated with TNF antagonists. Ann
Rheum Dis 2007; 66: 1339-44.
https://doi.org/10.1136/ard.2006.062760

. CARRARA G,BORTOLUZZI A, SAKELLARIOU

G et al.: Risk of hospitalisation for serious
bacterial infections in patients with rheuma-
toid arthritis treated with biologics. Analysis
from the RECord linkage On Rheumatic Dis-
ease study of the Italian Society for Rheuma-
tology. Clin Exp Rheumatol 2019; 37: 60-66.

. YUNH, XIE F, DELZELLE et al.: Comparative

risk of hospitalized infection associated with
biologic agents in rheumatoid arthritis pa-
tients enrolled in Medicare. Arthritis Rheu-
matol 2016; 68: 56-66.
https://doi.org/10.1002/art.39399

. SMITTEN AL, CHOI HK, HOCHBERG MC et

al.: The risk of hospitalized infection in pa-
tients with rheumatoid arthritis. J Rheumatol
2008; 35: 387-93.

. GALLOWAY JB, HYRICH KL, MERCER LK et

al.: Anti-TNF therapy is associated with an
increased risk of serious infections in patients
with rheumatoid arthritis especially in the
first 6 months of treatment: updated results
from the British Society for Rheumatology
Biologics Register with special emphasis on
risks in the elderly. Rheumatology (Oxford)
2011; 50: 124-31.

https://doi.org/10.1093/rheumatology/keq242

. VAN DARTEL SAA, FRANSEN J, KIEVIT W et

al.: Difference in the risk of serious infec-
tions in patients with rheumatoid arthritis
treated with adalimumab, infliximab and
etanercept: results from the Dutch Rheuma-
toid Arthritis Monitoring (DREAM) registry.
Ann Rheum Dis 2013; 72: 895-900. https:/
doi.org/10.1136/annrheumdis-2012-201338
CHIU Y-M, CHEN D-Y: Infection risk in pa-
tients undergoing treatment for inflamma-
tory arthritis: non-biologics versus biologics.
Expert Rev Clin Immunol 2020; 16: 207-28.
https://

doi.org/10.1080/1744666x.2019.1705785

13. CURTIS JR, PATKAR N, XIE A et al.: Risk of
serious bacterial infections among rheu-
matoid arthritis patients exposed to tumor
necrosis factor alpha antagonists. Arthritis
Rheum 2007; 56: 1125-33.
https://doi.org/10.1002/art.22504

14. OSKARSDOTTIR T: Medferdarheldni og
astedur stodvunar 4 medferd TNFa hemla
vid iktsyki og séragig [Adherence and rea-
sons for discontinuation of treatment with
TNF-alpha inhibitors in rheumatoid and pso-
riatic arthritis] Master’s Thesis, University of
Iceland, Reykjavik, Iceland, 2014.

15. DIXON WG, SYMMONS DPM, LUNT M, WAT-
SON KD, HYRICH KL, SILMAN AJ: Serious
infection following anti-tumor necrosis fac-
tor alpha therapy in patients with rheumatoid
arthritis: lessons from interpreting data from
observational studies. Arthritis Rheum 2007,
56: 2896-904.
https://doi.org/10.1002/art.22808

16. STRANGFELD A, EVESLAGE M, SCHNEIDER
M et al.: Treatment benefit or survival of the
fittest: what drives the time-dependent de-
crease in serious infection rates under TNF
inhibition and what does this imply for the
individual patient? Ann Rheum Dis 2011; 70:
1914-20.
https://doi.org/10.1136/ard.2011.151043

17. BJORNSSON AH, GRONDAL G, KRISTJANS-
SON M, JONSDOTTIR T, LOVE TJ, GUD-
BJORNSSON B: Prevalence, admission rates
and hypoxia due to COVID-19 in patients
with rheumatic disorders treated with targeted
synthetic or biologic disease modifying an-
tirheumatic drugs or methotrexate: a nation-
wide study from Iceland. Ann Rheum Dis
2021; 80: 671-72. https:/
doi.org/10.1136/annrheumdis-2020-219564

18. BIORNSSON AH, OLAFUR P, MAR K et al.:
Outpatient use of antimicrobials in patients
with rheumatoid arthritis before and after
treatment with tumor necrosis factor inhibi-
tors: a nationwide retrospective cohort study.
ACR Open Rheumatology 2022; 4: 187-94.:
https://doi.org/10.1002/acr2.11382

19. SINGH JA, CAMERON C, NOORBALOOCHI S
et al.: Risk of serious infection in biological
treatment of patients with rheumatoid arthri-
tis: a systematic review and meta-analysis.
Lancet 2015; 386: 258-65. https://
doi.org/10.1016/s0140-6736(14)61704-9

20. ICHINOSE K, SHIMIZU T, UMEDA M et al.:
Frequency of hospitalized infections is re-
duced in rheumatoid arthritis patients who
received biological and targeted synthetic
disease-modifying antirheumatic drugs after
2010. J Immunol Res 2018; 2018: 6259010.
https://doi.org/10.1155/2018/6259010

21. ELINARSDOTTIR SH, EIRIKSDOTTIR VH,
EINARSSON OB: Lyfjagagnagrunnur Land-
leeknis [Internet]. Embetti Landleknis; 2020
[cited 2024 Oct 2]. Available from: https://
assets.ctfassets.net/8k0h54kbe6bj/KNhwU
YUfZVsuVVwbJgRXg/22357900e9fa782
1042d13¢971f960c60/Lyfjagagnagrunnur_
grein_2020_med_logo_med_dagsetningu.pdf

22. Organization WHO: Definition and general
considerations. [cited 2021 Mar 29]. Availa-
ble from: https://www.who.int/tools/atc-ddd-
toolkit/about-ddd

Clinical and Experimental Rheumatology 2025



23.

24.

25.

26.

217.

28.

Trends in infection incidence in arthritis patients treated with TNFi / A.H. Bjornsson et al.

STEVENSON M, SERGEANT E, HEUER C et
al.: epiR: Tools for the analysis of epidemio-
logical data 2023. Available from:
https://CRAN.R-project.org/package=epiR
https://doi.org/10.32614/CRAN .package.epiR
VAN BUUREN S, GROOTHUIS-OUDSHOO-
RN K: MICE: Multivariate imputation by
chained equations in R. J Stat Softw 2011;
45. https://doi.org/10.18637/jss.v045.i03
GERMANO V, CATTARUZZA MS, OSBORN J et
al.: Infection risk in rheumatoid arthritis and
spondyloarthropathy patients under treatment
with DMARDs, corticosteroids and TNF-
alpha antagonists. J Transl Med 2014; 12: 77.
https://doi.org/10.1186/1479-5876-12-77
ACCORTT NA, LESPERANCE T, LIU M et al.:
Impact of sustained remission on the risk of
serious infection in patients with rheumatoid
arthritis. Arthritis Care Res 2018; 70: 679-
84. https://doi.org/10.1002/acr.23426

AU K, REED G, CURTIS JR et al.: High dis-
ease activity is associated with an increased
risk of infection in patients with rheumatoid
arthritis. Ann Rheum Dis 2011; 70:785-91.
https://doi.org/10.1136/ard.2010.128637
DIXON WG, SUISSA S, HUDSON M: The as-
sociation between systemic glucocorticoid
therapy and the risk of infection in patients
with rheumatoid arthritis: systematic review
and meta-analyses. Arthritis Res Ther 2011;

Clinical and Experimental Rheumatology 2025

29.

30.

31.

32.

33.

13: R139-R139.
https://doi.org/10.1186/ar3453
ROCKENSCHAUB P, HAYWARD A, SHALL-
CROSS L: Antibiotic prescribing before and
after the diagnosis of comorbidity: a cohort
study using primary care electronic health
records. Clin Infect Dis 2020; 71: e50-e57.
https://doi.org/10.1093/cid/ciz1016
ASKLING J, FORED CM, BRANDT L et al.:
Risk and case characteristics of tuberculosis
in theumatoid arthritis associated with tumor
necrosis factor antagonists in Sweden. Ar-
thritis Rheum 2005; 52: 1986-92.
https://doi.org/10.1002/art.21137

TUBACH F, SALMON D, RAVAUD P et al.:
Risk of tuberculosis is higher with anti-
tumor necrosis factor monoclonal antibody
therapy than with soluble tumor necrosis fac-
tor receptor therapy: The three-year prospec-
tive French research axed on tolerance of
biotherapies registry. Arthritis Rheum 2009;
60: 1884-94.
https://doi.org/10.1002/art.24632

KEANE J, GERSHON S, WISE RP et al.: Tuber-
culosis associated with infliximab, a tumor
necrosis factor alpha-neutralizing agent. New
Engl J Med 2001; 345: 1098-104.
https://doi.org/10.1056/nejmoa011110
CHRISTENSEN IE, LILLEGRAVEN S, MIELNIK
P et al.: Serious infections in patients with

34.

35.

36.

37.

rheumatoid arthritis and psoriatic arthritis
treated with tumour necrosis factor inhibi-
tors: data from register linkage of the NOR-
DMARD study. Ann Rheum Dis 2022; 81:
398-401. https://
doi.org/10.1136/annrheumdis-2021-221007
BRYANT PA, KATZ NT: Inpatient versus out-
patient parenteral antibiotic therapy at home
for acute infections in children: a systematic
review. Lancet Infect Dis 2018; 18: e45-e54.
https://
doi.org/10.1016/s1473-3099(17)30345-6
STAPLES JA, HO M, FERRIS D et al.: Outpa-
tient versus inpatient intravenous antimicro-
bial therapy: a population-based observation-
al cohort study of adverse events and costs.
Clin Infect Dis 2022; 75: 1921-29.
https://doi.org/10.1093/cid/ciac298

TRITT A, KAY-RIVEST E, PARADIS T, DUVAL
M: Daily outpatient intravenous antibiotic
therapy for the management of paediatric
periorbital cellulitis, a retrospective case
series. Clin Otolaryngol 2019; 44: 273-78.
https://doi.org/10.1111/coa.13284

NAGEL J, JONSSON G, NILSSON J-A et al.:
Reduced risk of serious pneumococcal in-
fections up to 10 years after a dose of pneu-
mococcal conjugate vaccine in established
arthritis. Vaccine 2023; 41: 504-10.
https://doi.org/10.1016/j.vaccine.2022.11.075

1887



