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ABSTRACT

Introduction: Rheumatoid arthritis (RA) has been associated with an increased risk of respiratory infections, and the Covid-19
pandemic represents a serious threat for RA patients. Considering the controversy in the scientific literature, the present study aims to
investigate the prevalence and severity of Covid-19 in regard to disease-modifying anti-rheumatic drugs (DMARD) treatment in a large
group of RA patients treated in a single rheumatologic center.

Methods: A total of 156 patients with RA on biologic or targeted synthetic DMARD (b/tsDMARD) as well as 102 patients on
conventional synthetic DMARD (csDMARD) answered a standardized questionnaire focused on the development, symptoms, and
complications of Covid-19 infection.

Results: The prevalence of confirmed or suspected Covid-19 infection did not differ between the two investigated therapeutic
groups and the prevalence of hospitalization for moderate or severe Covid-19 infection was low (about 5%). No one of the investigated
antirheumatic drugs was specifically associated with the Covid-19 development, symptoms or complications. In the group of female RA
patients, the prevalence of confirmed (13.6% vs. 22.4%) and suspected (10.6% vs. 17.6%) Covid-19 infection was significantly lower
in women on b/tsDMARD compared to csDMARD (p=0.048).

Conclusion: The therapy with b/tsDMARD in RA patients has not been associated with increased Covid-19 incidence, distinct
clinical symptoms, or worse outcomes when compared to csDMARD therapy. Moreover, it might decrease Covid-19 incidence or increase
the asymptomatic cases in women with RA. Gender and sex-specific differences in RA and Covid-19 interrelations need further evaluation.
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Introduction

Rheumatoid arthritis (RA) 1is a chronic
inflammatory disease associated with an increased
risk of infections and infection-related mortality":
. Patients with RA suffer more from respiratory
and skin infections and develop sepsis more often
than patients with non-inflammatory rheumatic
diseases®. The main determinants of the increased
risk are the immunological disturbances typical for
the active disease, immune-suppressive treatment
as well as the presence of comorbidities® ®. In the
last two years, the Covid-19 pandemic has posed
new challenges for RA patients. The prevalence of
Covid-19 hospitalizations and complications has

been significantly increased in individuals with RA
in comparison to the general population according to
most though not all studies®®. The poor Covid-19
clinical outcomes have been associated with age,
concomitant diseases of patients as well as with
the use of high corticosteroid doses, while the role
of other types of disease-modifying antirheumatic
drugs (DMARD) has been rather contradictory®
79 Interestingly, Covid-19 and inflammatory
diseases could share common pathophysiological
mechanisms leading to a pro-inflammatory cytokine
increase (reviewed by Dewanjee et al.)'?. Therefore,
many antirheumatic drugs have been investigated
as possible modulators of the “cytokine storm” in
severe Covid-19, and beneficial effects were found
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for some of them". However, the influence of
DMARD might be different in RA patients compared
to the general population in regard to Covid-19
incidence and complications. Theoretically, both the
immunosuppressive features of DMARD as well as
increased disease activity in case of undertreatment
might potentiate infection complications in RA!?.
Thus, the expanding of knowledge about the
interrelations between SARS-CoV-2 infection and
different types of DMARD in distinct ethnic groups
of RA patients might help to minimize Covid-19
complications.

Therefore, the present study aims to investigate
the prevalence and severity of Covid-19 in regard to
DMARD treatment in a large group of RA patients.

Material and methods

Participants and study protocol

Caucasian ~ patients  with  seropositive
rheumatoid arthritis (RA) (26-85 years) treated in
a tertiary rheumatologic center were selected and
sought by phone if contact data were available.

Patients who were reached by phone and
who consented to participate were included in the
present study. RA diagnosis was previously made
in accordance with the 1987 American College of
Rheumatology criteria’®. A total of 258 patients with
rheumatoid arthritis agreed to answer a standardized
questionnaire focused on the development of
Covid-19.Clinical information aboutsymptoms of the
infection (anosmia, ageusia, fever, cough, dyspnea,
headache, gastrointestinal symptoms, and presence
of lung infiltrate by imaging studies), the severity
of the disease, laboratory nasopharyngeal swabs
performed, the need for hospitalization,and Covid-19
vaccination status was collected retrospectively. The
Covid-19 disease was considered “confirmed” in the
case of laboratory-confirmed positive SARS-CoV-2
nasopharyngeal swabs. The presence of presumptive
Covid-19 symptoms and/or SARS-CoV-2 antibodies
was registered as a “suspected” Covid-19 infection.
The Covid-19 infection was considered severe
in case of hospitalization or lung involvement.
Additionally, the patients were asked to estimate the
infection severity subjectively, irrespective of the
aforementioned criteria. Additional personal data
such as age, sex, height, weight, smoking habits,
concomitant diseases as well as therapy were also
collected. Information about close contacts with
infected people and strict isolation during pandemics
was obtained as in other studies"?. The patients

were divided into two different categories according
to the antirheumatic therapy they received during
the investigated period: patients on conventional
synthetic disease-modifying antirheumatic drugs
(csDMARD) such as antimalarials, methotrexate,
sulfasalazine, and leflunomide were included in
group 1, while patients on biologic or targeted
synthetic disease-modifying antirheumatic drugs
(b/tsDMARD) with or without csDMARD were
included in group 2. Biologic therapy included
treatment with tumor-necrotic factor (TNF) inhibitors
(etanercept, adalimumab, golimumab, certolizumab,
and infliximab), interleukin-6 (IL-6) (tocilizumab)
and CD20 (rituximab) inhibitors. Targeted synthetic
disease-modifying antirheumatic drugs used were
baricitinib, tofacitinib, and upadacitinib.

Patients with RA on b/tsDMARD were
156 (24 men and 132 women), while patients on
csDMARD only were 102 (17 men and 85 women).
Treatment with corticosteroids (CS) was also
registered and the specific dose was calculated as
a methylprednisolone equivalent. Anthropometric
characteristics and data about concomitant diseases
such as obesity, hypertension, diabetes mellitus
type 2 (T2DM), cardiovascular, neurologic, renal,
gastroenterological diseases were collected. Verbal
informed consent was obtained by the patients. The
study was approved by the local ethics committee
and carried out in accordance with the ethical
principles of the Declaration of Helsinki.

Statistical analysis

The results were presented as frequency (%)
and number /n/ for categorical variables and as mean
with standard deviation (median) for continuous
variables. The data were analyzed through the % test
or Fisher's exact test. Differences between groups
were estimated through independent sample t-test
or Mann-Whitney test according to the normality
of the distribution after a Kolmogorov-Smirnov
test. Logistic regression analysis was used where
appropriate. All results were considered significant
at the 0.05 level. Calculations were made through
the software package MedCalc® Statistical Software
version 20.027 (MedCalc Software Ltd, Ostend,
Belgium; https://www.medcalc.org; 2022).

Results
The main characteristics of the patients on

c¢sDMARD and b/tsDMARD are presented in Table
1. Considering the b/tsDMARD therapy most of
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the patients were on anti-IL6 inhibitor (50.6%
/79/), while 34.0% /53/ were on an anti-TNF-
based treatment, 13.5% /21/ received JAK-kinase
inhibitors and only 1.9% /3/ were on rituximab.
The two groups of patients did not differ in terms
of concomitant cardiovascular, neurological,
pulmonary, gastrointestinal, nephrological, or other
diseases (p>0.05 for all). The two groups included
also a similar percentage of patients attempting
strict isolation during pandemics (41.6% vs. 48.1%,
p=0.369) as well as a similar percentage of patients
who had had close contact with Covid-19 infected
individuals (31.7% vs. 25.6%, p=0.321). Patients on
b/tsDMARD had more often at least one concomitant
disease in comparison to patients on csDMARD
(53.9% /83/ vs. 38.2% /39/, p=0.015). Patients on
csDMARD received more often corticosteroids
(37.3% /38/ vs. 19.2% /30/, p=0.002), antimalarial
agents (13.7% /14/ vs. 5.1% /8/, p=0.022) as well
as leflunomide (12.7% /13/ vs. 5.1% /8/, p=0.036)
than patients on b/tsDMARD as expected, while
no significant differences in the number of patients
treated with methotrexate or sulphasalazine treatment
in both groups were observed (p>0.05 for all).

The prevalence of confirmed or suspected
Covid-19 infection did not differ between the two
investigated therapeutic groups and the prevalence
of hospitalization for moderate or severe Covid-19
infection was about 5% (Table 1) with only one
patient being hospitalized in an intensive care
unit who survived. The prevalence of confirmed
or suspected Covid-19 infection, Covid-19 lung
infiltrate as well as the prevalence of hospitalizations,
did not differ amongst groups of patients treated with
TNF-inhibitors, IL-6-inhibitors, or targeted synthetic
disease-modifying antirheumatic drugs (p>0.05
for all). Additionally, no one of the conventional
synthetic disease-modifying antirheumatic drugs
showed any associations with the Covid-19 infection
or Covid-19 lung infiltrate prevalence, hospitalization
rate, or subjective severity score (p>0.05 for all).

The prevalence of confirmed or suspected
Covid-19 infection, hospitalization rate, and severity
did not depend significantly on the presence of pre-
existing obesity, hypertension, diabetes mellitus type
2 or other concomitant diseases as well as on the
CS use and smoking (p>0.05 for all). However, the
prevalence of Covid-19 lung infiltrate was increased
(13.9% vs. 5.3%, p=0.019) in patients with at least
one concomitant disease in comparison to patients
without any concomitant diseases. The prevalence
of confirmed Covid-19 infection (29.3% vs. 17.1%,

p=0.082), as well as the prevalence of Covid-19
pneumonia (17.1% vs. 8.3%, p=0.090), tended to be
higher in men than in women with RA.

All patients Group 1 Group 2
With RA (csDMARD) | (b/tsDMARD) p
N=258 N=102 N=156
- 50.55:1248 | 57701232 | 60.77+12.48
Age (years) (60.0) (585) (62.0) 0053
. 26724545 26774621 26.69-4.90
BMI (kg/m) (2623) (2607) (2635) 0913
Smoker-active; 31/80/; 35.3/36/; 28.2 /44, 0434
former (% /n/) 2771 2012/ 3215/ :
Obesity (% /n/) 25.0 /64/ 235124/ 26.0 /40/ 0768
Hypertension (% /n/) 26.4 68/ 17.6 118/ 32.1/50/ 0014
DM type 2 (%/n/) 66/17/ 788/ 5.8/9/ 0610
CVD (% /n/) 78 /20/ 69/ 8.3/13/ 0813
Other concomitant
o 78 /20/ 77181 77112 1.000
CS (% Inl) 26.4 68/ 373138/ 19.2 730/ 0002
0122 7623. 0722,
CS-dose (mg) 055” RO e | 000
Covid-19 -
contmed (% fu) 19.0 /49/ 21622/ 1731271 0420
Covid-19 - confirmed 31.8/82/ 373138/ 282 /44/ 0.135
or suspected (% /n/)
Covid-19
hospitalisntion (% ) 471 575/ 45/ 1.000
Covid-19
Vaccitn (% ful) 17.4 145/ 21622/ 14.7 123/ 0.181

Table 1: Main characteristics of the investigated patients.
Group 1 (csDMARD)-patients with rheumatoid arthritis on
conventional synthetic disease-modifying antirheumatic drugs
only); Group 2 (b/tsDMARD)-patients with rheumatoid arthritis
onbiologic or targeted synthetic disease-modifying antirheumatic
drugs irrespective of csDMARD treatment); CS-corticosteroids;
BMI-body mass index; CVD-cardiovascular diseases.

In the group of female RA patients, the
prevalence of confirmed (13.6% vs. 22.4%) and
suspected (10.6% vs. 17.6%) Covid-19 infection
was significantly lower in women on b/tsDMARD
compared to csDMARD (p=0.048) (Table 2). No
such differences were found in the group of men with
RA, though the male group was too small (n=41) to
draw any definitive conclusions (p>0.05, data not
shown). The prevalence of confirmed or suspected
Covid-19 infection, as well as the prevalence
of hospitalizations, Covid-19 lung infiltrates or
Covid-19 severity, did not differ between groups
of patients treated with TNF-inhibitors, IL-6-
inhibitors, or targeted synthetic disease-modifying
antirheumatic drugs in both sexes (p>0.05 for all).

Logistic regression analysis showed that
the b/tsDMARD administration was associated
with a significantly reduced odds of confirmed or
suspected Covid-19 infection after adjustment for
age, corticosteroid use, and presence of concomitant
diseases (OR 0.513 (95%C10.277-0.951), p=0.034).
The presence of at least one concomitant disease was
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related to a double risk of Covid-19 infection (OR
2.027 (95%CI 1.071-3.839), p=0.030) in the model.

All female Group 1 Group 2
patients with RA | (csDMARD) | (b/isDMARD) p
N=217 N=85 N=132
) 5055:12.66 | 5727:1228 | 61031273
Age (years) (60.0) (58.0) (62.0) 0.033
, 26.55+5.72 26.56+6.63 26.54+5.07
BMI (kg/m?) (26.03) (2571) (2623) 0.978
Smoker-active; 29.0 /63/; 34.1/29/; 25.8 /34/; 0311
former (% /n/) 23/5/ 1271/ 3.0/4/ b
Obesity (%) 25.6/55/ 235120/ 269 35/ 0633
Hypertension (%) 25.8/56/ 17.6 115/ 311741/ 0038
DM type 2 (%) 6/13/ 5975/ 6.1/8/ 1.000
CVD (%) 69/15/ 5975/ 7.6/10/ 0786
Other concomitant 74116/ 8277 6819/ 0.792
diseases ) : : :
CS (%)) 263157/ 36531/ 197 126/ 0.007
CS-dose (mg) 486£2.97 (40) | 5712300 (40) | 385£2.50 (4.0) | 0.006
Covid-19 —
) 17.1 537/ 22.4/19/ 13.6/18/ 0.100
Covid-19 - confirmed
o 30.4 /66/ 40 /34/ 242321 0016
Covid-19
hospliatiastion (%) 46/10/ 615/ 3875/ 0516
Covid-19
Vacomation ) 16.1 135/ 212/18/ 129117/ 0.130

Table 2: Main characteristics of the investigated women.
Group | (csDMARD) - patients with rheumatoid arthritis
on conventional synthetic DMARD only; Group 2 (b/ts
DMARD)-patients with rheumatoid arthritis on biologic
or targeted treatment. CS - corticosteroids; BMI - body
mass index; CVD - cardiovascular diseases.

Covid-19 All female patients Group 1 Group 2

e |"SEET| B | oo |
Anosmia (% /n/) 144131/ 17915/ 12.1/16/ 0319
Ageusia (% /n/) 11.1/24/ 15313/ 8.5/11/ 0.122
Fieber (% /n) 18.1 /39/ 22619/ 15.2 120/ 0204
Cough (% /n/) 60/13/ 9.5/8/ 38/5/ 0.139
Dyspnea (% /n/) 7917/ 83/ 76/10/ 1.000
Headache (% /n/) 1473/ 2412 08/1/ 0561
s?;;[fg;ls[e(%?}ilo 1413/ 2402 08/1/ 0561
Pneumonia (% /n/) 83 /18/ 7.1/6/ 9.1/12/ 0.801
Seve(rgn i;‘lfj’f“"“ 60/13/ 6075/ 6.1/8/ 0331
Hospitalization 4610/ 6.0 /5/ 38/5 0516

(% In))

Table 3: Main Covid-19 symptoms of the investigated
female patients.

Group 1 (csDMARD)-patients with rheumatoid arthritis
on conventional synthetic disease-modifying antirheumatic
drugs only;, Group 2 (b/tsDMARD)-patients with rheumatoid
arthritis on biologic or targeted synthetic disease-modifying
antirheumatic drugs irrespective of csDMARD treatment.

The b/tsDMARD use was not related to any specific
Covid-19 symptom in women with RA (Table 3).

Discussion

Our results showed that the prevalence of
Covid-19 infection was lower in women with RA
treated with b/tsDMARD than in those treated with
csDMARD. The differences were significant, though
the female patients on b/ts DMARD were older
and with an increased prevalence of hypertension
in comparison to women receiving csDMARD. In
opposite, men with RA did not benefit significantly
from b/ts DMARD treatment in regard to Covid-19
infection. The present results support the findings
from several large registry-based studies.

The COVID-19 Global Rheumatology Alliance
physician-reported registry showed that treatment
with b/ts DMARD was associated with a reduced
risk of Covid-19 hospitalization in patients with
rheumatic diseases”. Similarly, the hospitalized
German patients with inflammatory rheumatic
diseases tended to receive less frequent bDMARDs in
comparison to individuals not admitted to Covid-19
hospital treatment'>. Other studies also assume a
positive influence of b/ts DMARD on Covid-19
morbidity, but their conclusions are limited because
of the very few proven Covid-19 cases included®
7. However, other studies did not find such
protective but rather neutral effects of b/tsDMARD
treatment'®!?. The use of b/tsDMARD was neither
protective nor harmful in respect to Covid-19
hospitalization and mortality according to a large
Italian study®. Similarly, the BIOBADASER study
group suggested that treatment b/tsDMARD was not
associated with a different Covid-19 hospitalization
rate or mortality in comparison to the general
Spain population!”. Recently, a large multicenter
study in the USA also did not find differences
in regard to Covid-19 complications between b/
tsDMARD and csDMARD users®”. Unlike most
b/tsDMARD medications, several Covid-19 fatal
cases in RA patients treated with rituximab have
been described®'??. Moreover, patients on rituximab
had shown an increased prevalence of Covid-19
hospitalization and mortality in comparison to
individuals treated with TNF-inhibitors®- %,

However, it should be considered that rituximab
is used as second-line therapy for RA patients
with contra-indications or therapeutic failure on
other biologics, thus the patients on rituximab are
probably patients with more severe RA than others,
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and the latter could influence the Covid-19 infection
outcomes®. In our study, only 3 patients were
on rituximab, so no conclusions considering its
effects could be drawn. The protective effects of b/
tsDMARD in regard to Covid-19 infection onset in
our female group did not depend on the b/tsDMARD
type (TNF-inhibitors, IL-6-inhibitors, or JAK-kinase
inhibitors). Recent large studies identified TNF-
inhibitors as a safe biological drug class in RA patients
in regard to Covid-19 infection®:?*-29, Additionally,
a recent meta-analysis showed significant protective
effects of TNF inhibitors against severe Covid-19
infection in patients with different inflammatory
diseases®”. On the opposite, the use of TNF-
inhibitors was associated with increased Covid-19
incidence according to the analysis of the World
Health Organization pharmacovigilance database®”.

The proper role of TNF-signalling in patients
with Covid-19 and inflammatory disorders has
not been revealed so far. Both increased TNFa
levels, as well as elevated soluble TNF-receptor 1
concentration, have been associated with pronounced
Covid-19 severity and increased mortality®®
2, Additionally, the elevated concentration of a
disintegrin and metalloprotease 17 (ADAM17) was
also a strong predictor of severe infection course®.
ADAM17 is a shedding enzyme that could modulate
the release of soluble TNFa as well as many other
membrane-bound proteins including angiotensin-
converting enzyme 2 (ACE2)¢®* 3D, The latter is
crucial for the SARS-CoV-2 entry in the targeted
cells, but it also exerts important tissue-protective
effects by precluding the angiotensin II-induced
inflammation, vasoconstriction, and fibrosis®?. Thus,
the blockade of TNF-signalling might influence the
ADAMI17 expression and probably the Covid-19
infection rate and clinical complications®*-33).

The precise role of IL-6 inhibitors in RA
patients with Covid-19 is also poorly investigated.
IL-6 inhibitors reduced Covid-19 mortality in the
general population®. Moreover, they represent
the only class of biologic medication that could
be continued during active Covid-19 infection in
RA patients in selected circumstances according
to the recommendation of the American College
of Rheumatology®®. According to the COVID-19
Global Rheumatology Alliance physician registry,
IL-6 inhibitors and TNF-inhibitors exert a similar
influence on Covid-19 severity®. On the opposite,
patients with RA on IL-6 inhibitors showed an
increased prevalence of Covid-19 hospitalizations
in comparison to individuals with RA on TNF-

inhibitors according to a large multicentre USA
study, though no differences in ICU admission
frequency or mortality were observed”. Similarly,
the aforementioned studies have obtained
contradictory results about the role of JAK-kinase
inhibitors for the Covid-19 progression. JAK-kinase
inhibitors have been shown to exert both neutral
and unfavorable effects on Covid-19 severity when
compared to TNF-inhibitors according to different
authors®-%-39_ On the other hand, they might be
related to a decreased Covid-19 incidence in patients
with inflammatory rheumatic diseases®”.

The chronic treatment with b/ts DMARD
irrespective of the type was not related to increased
prevalence, different clinical symptoms, or a more
severe form of Covid-19 infection compared to
other treatment protocols in our RA patients.
According to our data, male patients with RA
tended to have increased Covid-19 prevalence, with
increased frequency of pulmonary involvement as
in other studies®-*?. The glucocorticoid use was
not a significant risk factor for increased Covid-19
prevalence or severity in opposite to other studies®:
20 however, the mean corticosteroid dose used by our
patients was very low, with only 7.36% of individuals
being on more than 10 mg prednisolone equivalent,
which could explain discrepancies. Our data showed
sex-dependent differences in the association between
the b/tsDMARD or csDMARD treatment and
Covid-19 infection prevalence. Rheumatoid arthritis
is a disease with a pronounced female preponderance
possibly associated with X-chromosome-related
genetic or hormonal factors®*-*”. Similarly, important
sex and gender differences have been observed
in Covid-19 patients considering the disease
incidence and clinical severity, which could be
attributed to distinct endocrine, immunological and
psychological factors“?. More clinical studies are
needed to shed light on sex and gender differences
that could influence the therapeutic approach in
patients with inflammatory diseases and Covid-19
infection. Though our study encompasses a large
number of RA patients it has several important
limitations. The prevalence of Covid-19 symptoms
was self-reported, thus some of the patients might
have had an asymptomatic infection. Additionally,
the prevalence of severe Covid-19 infection was
very low, and only 5% of patients were hospitalized.
Thus, our conclusions might be referred to mild or
moderate Covid-19 infection only.

In conclusion, our study showed that b/
tsDMARD therapy in RA patients was not associated
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with increased Covid-19 incidence, distinct clinical
symptoms, or worse outcomes when compared to
csDMARD therapy. Moreover, it might decrease
Covid-19 incidence or increase the asymptomatic
cases in women with RA. Further studies are needed
to reveal the proper pathophysiological mechanisms
behind these gender-specific associations.
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