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Abstract

Introduction: During the SARS-CoV-2 virus pandemic, immunosuppressive agents in treating
chronic disease have become a concern, and rheumatic patients are not an exception. The con-
troversies about the deteriorating effects of such medications led this study to evaluate the in-
fluence of biologic and conventional disease-modifying antirheumatic drugs (DMARDs) on the in-
cidence of COVID-19 infection in rheumatic patients.

Material and methods: In the present cohort-analytical study, 512 patients with rheumatic diseases
were enrolled during the COVID-19 pandemic (2020-2021). The incidence of COVID-19 infection was
diagnosed according to the definition of the Iranian Ministry of Health. The frequency of COVID-19
infection in patients treated with biological and conventional DMARDs and glucocorticosteroids
were compared.

Results: Among 512 rheumatic patients, 19.9% were definitely infected with COVID-19, and 23.3%
of infected patients were hospitalized. Only one patient with vasculitis died during the two out-
breaks. Our study showed that adding biologic DMARDs to conventional DMARDSs did not increase
the risk of COVID-19 infection. However, unlike biologic DMARDs, in conventional DMARDs, meth-
otrexate increased, and hydroxychloroquine decreased COVID-19 infection. Regression analysis
showed that prednisolone at a dosage higher than 10 mg/day increased the risk of COVID-19 infec-
tion 5-fold; hydroxychloroquine had a protective impact and reduced the risk of infection by 40%.
Conclusions: Biologic DMARDs and the type of selected rheumatic diseases in our study did not in-
fluence the susceptibility to COVID-19 infection. Prednisolone raised the coronavirus infection, and
hydroxychloroquine played a protective role in the current study. Most of our patients showed good
adherence to the health protocols. Further studies after worldwide vaccination are now required to
reevaluate the influence of rheumatic diseases and DMARDs on COVID-19 infection.
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Introduction

In late 2019, a new infectious disease, known as coro-
navirus disease 2019 (COVID-19), occurred in the Wuhan
province of China, which caused a novel acute respira-
tory syndrome and severe pneumonia [1, 2]. The rapid
transmission of the causative virus and the unpredict-

able and aggressive behavior led the World Health Or-
ganization (WHO) to refer to COVID 19 as a 21° century
disaster [3].

Angiotensin-converting enzyme 2 (ACE2) receptors
are expressed on the host cell’s surface. By binding to
these receptors, the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) virus can easily infect mul-
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tiple organs and cause anarchy in immune system re-
sponses [4].

Moreover, the primary investigations showed that
patients with underlying medical conditions and those
who received immunosuppressive agents are more likely
to develop COVID-19 [5, 6].

Among different diseases related to the immune
response, rheumatic diseases are the most common
chronic inflammatory diseases affecting various organs
with multiple systematic symptoms. Despite physical
complications, pain, and the higher risk for developing
simultaneously other complications such as cardiovas-
cular diseases [7], one of the main concerns over rheu-
matic diseases is the side effects of immunosuppressive
therapy [8].

Glucocorticosteroids (GCs), disease-modifying anti-
rheumatic drugs (DMARDs) such as methotrexate (MTX),
anti-tumor necrosis factors (anti-TNFs), and rituximab
(RTX) are among the most common medications that
can result in unprecedented responses in the treatment
of rheumatic patients in Iran [9].

The increased risk for tuberculosis, hepatitis B, and
hepatitis C related to GCs and DMARDs was so signifi-
cant that many studies suggested strict screening and
prophylactic protocols in those patients [10-12].

This correlation became a major issue during
the COVID-19 pandemic. No consensus exists yet on
whether or not DMARDs can elevate the risk of de-
veloping COVID-19. However, the European Alliance of
Associations for Rheumatology (EULAR) and the Amer-
ican College of Rheumatology (ACR) at the beginning
of the pandemic suggested that it was appropriate to
discontinue some of the medications in this era [13, 14].

Avouac et al. [15] reported that RTX could elevate
the risk of COVID-19 incidence and mortality 1.32-fold
for rheumatic patients.

On the other hand, some evidence showed that
the application of such medications could be promising
for the outcome of the patients. Monti et al. [16] eval-
uated the influence of biologic DMARDs (bDMARDSs)
and conventional DMARDs (cDMARDs) on COVID-19 for
a month and reported that these drugs have no impact
on severe complications of COVID-19.

In another study, Tursi et al. [17] suggested that
anti-TNFs could attenuate cytokine storm risk in pa-
tients with COVID-19 respiratory complications. Sev-
eral studies also claimed the advantages or protective
effects of hydroxychloroquine and anti-inflammatory
drugs for rheumatic patients infected by the SARS-
CoV-2 virus [8, 18].

Although multiple lines of evidence have evaluated
the advantages and disadvantages of DMARDs and oth-
er immunosuppressive agents with respect to the inci-
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dence of COVID-19 in patients with rheumatic diseases,
this association is still unclear.

The aim of the present study was thus to evaluate
the correlation between DMARDs therapy and the risk of
developing COVID-19 in rheumatic patients.

Material and methods
Patient collection

This longitudinal-analytical study was conducted on
rheumatic patients who were previously, or at the begin-
ning of the study, registered with the Rheumatic Diseas-
es Research Center of Mashhad University of Medical
Sciences, Mashhad, Iran.

Patients who were diagnosed according to the dis-
ease-related ACR/EULAR criteria and clinical and lab-
oratory symptoms related to diseases including rheu-
matoid arthritis (RA), seronegative spondylarthritis
(ankylosing spondylitis, psoriatic arthritis, reactive
arthritis, and inflammatory bowel disease), Behcet’s
disease, granulomatosis with polyangiitis, and polyar-
teritis nodosa vasculitis were chosen from the begin-
ning of the first peak until the end of the second peak
of the pandemic in Iran (February to July 2020).

All selected patients were over 18 years old. Pa-
tients with other rheumatic diseases such as lupus
erythematosus, polymyositis/dermatomyositis, or sys-
temic sclerosis were excluded from the study due to
lower frequency of prescription during the pandemic
or no approval protocol for available bDMARDs in our
country.

For a few patients (28) who participated in the
study by telephone contact, the email of the informed
consent was sent, and most of them underwent at
least one face-to-face visit during the follow-up. Pa-
tients filled in a checklist on their demographic data,
including age, gender, occupation, the number of fam-
ily members, the presence of underlying diseases, and
medications.

Moreover, a checklist was completed by patients re-
garding their compliance with health protocols/social
distance during the outbreak of COVID-19. High-risk
jobs are defined as all healthcare staff and employees
working in crowded indoor workplaces such as facto-
ry workers who did not include teleworking during the
lockdowns.

COVID-19 diagnosis

From the beginning of the first peak of the COVID-19
pandemic in Iran, 512 mentioned rheumatic patients
who were either previously registered with this center,
hospitalized in the COVID departments of our university
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hospitals, or patients contacted by phone according to
telemedicine follow-ups were selected to participate in
this study consecutively.

Those patients who did not respond to our phone
calls or refused to participate in the study were exclud-
ed (32 patients). It should be noted that all the attend-
ees were treated with cDMARDs + GCs, with or without
bDMARDs.

This research was conducted at the beginning
of the outbreak and at that time, we followed our re-
gional Ministry of Health Guidelines for diagnosis;
therefore, our guideline used highly suggestive clinical
symptoms and exposure in addition to paraclinical fac-
tors such as a chest X-ray (CXR) or computed tomogra-
phy (CT) scan result, lymphopenia and C-reactive pro-
tein (CRP) with or without obtaining a COVID-19 PCR to
detect the COVID-19 cases.

At the time of the current study COVID-19 PCR was
not available routinely (it was used only for patients ad-
mitted to the hospital at the beginning of the first peak).
The physicians recorded the clinical symptoms such as
fever, sore throat, myalgia, diarrhea, pharyngitis, cough,
and anosmia.

In symptomatic patients, according to the results
of the PCR, if the patient underwent the test, and
the lung CT scan or CXR, the SARS-CoV-2 virus-infected
patients were categorized into three main groups as fol-
lows.

“Definite COVID-19 patients” were those with posi-
tive PCR test results; “probable COVID-19 patients” were
patients with highly suggestive symptoms with positive
lung imaging who did not undergo COVID-19 PCR due
to a shortage of the test, and “suspected COVID-19 pa-
tients” were those who had suggestive symptoms or
close contacts without any information about the lung
CT/CXR or PCR results due to uncooperating of the pa-
tient.

Given the low number of “probable COVID-19 pa-
tients”, we considered them definite ones.

All patients with COVID-19 infections should have
spent 14 days in quarantine. Participants were followed
up by visits or by calling them or their first-degree rela-
tives until the end of the second peak of COVID-19.

Statistical analysis

All the statistical analyses were done with SPSS 25.0
software and the GraphPad Prism software. The x? test
and Fisher’s exact test were used to evaluate the rela-
tionship between the demographic features of the pa-
tients, type of treatments, and adherence to the health
protocols and the incidence and the severity of COVID-19
in rheumatic patients.

The possible correlation between the aforemen-
tioned factors and the COVID-19 incidence rate among
patients was investigated using regression analysis.
Probability values less than 0.05 were regarded as sta-
tistically significant.

Bioethical standards

The Research Ethics Committee of Mashhad Univer-
sity of Medical Sciences, approved the protocol of this
research (ID number: MUMS.MEDICALREC.1399.575),
and informed consent was obtained from all partici-
pants regarding the Helsinki declaration.

Results
Patients

Five hundred twelve patients with selected rheumat-
ic diseases with a median disease duration of 7.16 +6.95
years entered the study consecutively. Three hundred
fifty-two patients (68%) had RA, 60 patients (11.7%) suf-
fered from psoriatic arthritis, and 41 patients (8%) had
ankylosing spondylitis.

Other diseases included Behget’s disease (26 pa-
tients; 5.1%), granulomatosis with polyangiitis 23 pa-
tients; 4.5%), IBD-related arthritis (5 patients; 1%),
and eosinophilic granulomatosis with polyangiitis
(3; 0.6%). Notably, 0.4% of the patients (2 out of 512)
showed simultaneous symptoms of ankylosing spon-
dylitis and Behcet’s disease or RA and psoriatic ar-
thritis.

Like other autoimmune diseases, most patients
(76.76%) were female. Only in IBD, ankylosing spon-
dylitis, and granulomatosis with polyangiitis did the
percentage of men exceed that of women. Three hun-
dred eighty out of 512 patients did not have any other
underlying diseases, while 132 patients suffered from
hypertension (14.1%) and diabetes (5.5%), with rheu-
matic disease.

Three hundred nine patients (60.4%) were treat-
ed with cDMARDs, 192 patients (37.5%) received both
bDMARDs and cDMARDs, while 11 patients (2.1%) dis-
continued their treatment before the COVID-19 pan-
demic. Notably, 87.2% of patients with bDMARD were
treated with anti-TNF whereas 12.8% received RTX. In
the cDMARDs group, patients were treated with MTX
(about 7.5 mg/week), cyclophosphamide, hydroxychlo-
roquine, sulfasalazine, azathioprine, and mycophenolate
mofetil.

Moreover, along with DMARDs, 357 patients were
also treated with prednisolone (less or more than
10 mg/day). After the first COVID-19 outbreak, 30 pa-
tients in our study stopped their medications; among
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them, 11 patients made this decision under the super-
vision of a doctor, and 19 patients arbitrarily stopped
using DMARDs.

From the first peek of the COVID-19 pandemic in
Iran, all studied rheumatic patients who were regular-
ly referred to the hospital and health care centers were
available by telephone contacts. They were followed up
thoroughly for development of COVID-19 until the end
of the second peak. All patients were also asked for de-
tailed COVID-19 health protocol guidance, such as stay-
ing at a safe social distance, washing hands, and wear-
ing masks.

Prevalence of COVID-19 among rheumatic
patients

Our results showed that among 512 previously rheu-
matic patients, 154 complained of COVID-19-related
symptoms. Among them, 88 patients were “definite
COVID-19 patients”.

This group of definite patients included patients
with only positive PCR (n = 34, 19.9%) without any lung
involvement in imaging and patients with both positive
PCR and lung involvement in imaging (n = 54, 64.4%).
Moreover, “probable COVID-19 patients” (n = 14, 2.7%)

Table I. Symptoms in COVID-19-infected rheumatic
patients*

COVID-19 criteria (highly suggestive Frequency

coronavirus-related symptoms with one (%)

of the criteria below)

COVID-19 diagnostic tools
PCR analysis 34 (38.6)
PCR analysis plus thorax CT scan 54 (64.4)
Only positive imaging 14 (2.7)

Symptoms
Fever 86 (97.7)
Myalgia 86 (97.7)
Headache 60 (63.6)
Cough 43 (48.8)
Vomiting 32 (36.3)
Superimposed bacterial pneumonia 27 (30.6)
Sore throat 26 (29.5)
Diarrhea 23 (26.1)
Loss of smell 10 (11.3)

Admission to health care centers 21 (20.56)

Mortality rate 1(0.19)

* Some symptoms were common in one patient.
CT — computed tomography, PCR — polymerase chain reaction.
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included patients with positive COVID-19 related lung
imaging who did not undergo COVID-19 PCR.

In line with our regional guideline in the study, we
put the probable patients in the COVID-19 positive
group for statistical analysis. In total, 102 patients were
selected as documented coronavirus-infected patients.
“Suspected COVID-19 patients” included 52 patients
(10.2%) who were health care workers or patients’ rel-
atives with close contact with COVID-19 patients and
common cold symptoms who did not test for PCR or
lung imaging, whom we did not consider as infected
patients (Table I).

In total (19.9-20%) of our patients were diagnosed
as SARS-CoV-2 definite patients. The median age
of COVID-infected rheumatic patients and non-infect-
ed subjects was 49.1 £12.9 and 47.9 +13.2, respective-
ly, which was statistically insignificant (p = 0.4). Fever
(97.7%), myalgia (97.7%), and headache (63.6%) were
the most common symptoms of COVID-19 in rheumatic
patients. Twenty-three point nine percent of COVID-19-
infected patients with RA were hospitalized because
of respiratory symptoms, and only one patient with
granulomatosis with polyangiitis treated with predni-
solone (> 10 mg/day) died in the ICU (Table I).

Correlation between COVID-19 infection
and the type of rheumatic disease

Based on the previous findings, we aimed to evalu-
ate whether there is a correlation between various types
of rheumatic diseases and the frequency of COVID-19
infection. Our results showed that the frequency of
COVID-19 between different groups of rheumatic pa-
tients was the same.

The number of patients in each disease and
the number and percent of COVID-19 infected cases
are as follows: RA (60/352 — 17%), psoriatic arthritis:
(10/60 — 9.8%), ankylosing spondylitis: (11/41 — 10.8%),
Behcet's disease: (9/26 — 8.8%), granulomatosis with
polyangiitis: (10/23 —9.8%), IBD-related SPA: (5/1—1%),
eosinophilic granulomatosis with polyangiitis: (3/1 — 1%).
In 2 patients with simultaneous symptoms of both
ankylosing spondylitis and Behget’s disease or RA and
psoriatic arthritis, no case of COVID-19 was reported.
There was no significant relationship between the fre-
quency of COVID-19 infection and the type of rheumatic
diseases (p = 0.45, y* test).

Association between demographic
characteristics of rheumatic patients and
COVID-19 infection

Proposing the vulnerability of rheumatic patients
to the SARS-CoV-2 virus, it was of particular interest to
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Table Il. Association between demographic fea- Table Il. Cont.
tures of rheumatic patients and COVID-19 infec-
tion
Factors COVID-19 infection p-value* Factors COVID-19 infection p-value*
No Yes No Yes
Frequency  Frequency Frequency  Frequency
(%) (%) (%) (%)
Gender Drugs
Female 322 (78.5) 68 (66.7) 0.012 Methotrexate
Male 88 (21.5) 34 (33.3) Yes 305 (74.4%) 63 (61.8%)  0.011
Number of family members No 105 (25.6%) 39 (38.2%)
<3 226 (55.1) 48 (47.1) 0.144 Sulfasalazine
>3 184 (44.9) 54 (52.9) Yes 87 (21.2) 16 (15.7) 0.21
Occupation status No 323 (78.8) 86 (84.3)
Employed 99 (24.1) 33(32.4) 0.180 Hydroxychloroguine
Housewife 264 (64.4) 56 (54.9) Yes 98 (23.9) 10 (9.8) 0.002
Unemployed 47 (11.5) 13 (12.7) No 312 (76.1) 56 (54.9)
Type of occupation Cyclophosphamide
Workplace 78 (78) 28 (87.5) 0.773 Yes 4(1) 4(3.9) 0.032
Telecommuting 22 (22) 4 (12.5) No 406 (99) 98 (96.1)
Type of job Azathioprine
High risk™ 35 (35.4) 10 (30.3) 0.596 Yes 10 (2.4) 5(4.9) 0.18
Low risk 64 (64.6) 23 (69.7) No 400 (97.6) 97 (95.1)
Smoking 16 (3.9) 3(2.9) 0.643 Mycophenolate mofetil
Addiction 17 4.2) 3(2.9) 0.566 Yes 1(0.2) 1(1) 0.26
Underlying disease No 409 (99.8) 101 (99)
No disease 309 (75.6) 71 (69.6) 0.058 Biologic DMARDs (anti-TNFs and RTX)
Diabetes 18 9 Yes 148 (37) 44 (43.5) 0.31
Blood pressure 58 14 No 252 (63) 57 (55.5)
Chronic renal 1 0 *y test.
failure *“* All health care staff and those who worked in crowded indoor
Malignancy 2 0 /i\ﬁ;kgfﬁs; ;.ng. [foacclfsg)l//v\;vgrkers, who did not engage in telewor-
sDtlrthIleetes and 0 DMARDs — disease-modifying antirheumatic drugs, RTX — rituximab.
Diabetes and 20 5
blood pressure
Chronic renal 1 0 the incidence rate of COVID-19 was significantly higher
failure and blood in women than men (p = 0.012), which could be due to
pressure the higher frequency of the rheumatic diseases in fe-
Diabetes, blood 0 1 males.
pressure and Unlike gender, other demographic features such as
chronic renal occupation, number of family members, smoking, and
failure addiction had no significant effect on the individuals’

evaluate the correlation between the risk of contracting
COVID-19 and demographic features of the patients. As
presented in Table Il, the y? test results indicated that

susceptibility to the SARS-CoV-2 virus (p > 0.05). No re-
lationship was observed between COVID-19 infection
and underlying diseases, such as diabetes, high blood
pressure, renal failure, and malignancies (p = 0.058)
(Table 11).

Reumatologia 2022; 60/4
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Association between adherence to

the health protocol and COVID-19
prevention guidelines among rheumatic
patients

Since the COVID-19 outbreak, following health pro-
tocols and guidelines, such as social distancing, wearing
a mask, and practicing hand hygiene, was claimed to be
the only way to control the transmission of the virus at
the time of the study [19].

The influence of the health protocols on the preva-
lence rate of COVID-19 was explored among patients.
A significant association was detected between wear-
ing masks, hand hygiene, and disease incidence. The re-
sults showed that 97.8% of patients without COVID-19
used masks, but this percentage for the SARS-CoV-2-
infected patients dropped to 93.1% (p = 0.015).

Accordingly, the same results were obtained for
hands hygiene, as 98.8% of rheumatic patients who reg-
ularly washed their hands were not infected with SARS-
CoV-2, whereas only 95.1% of patients with COVID-19 ad-
hered to hand hygiene protocols (p = 0.016). There was

Table 1ll. Association between biologic/conventional
disease-modifying antirheumatic drugs and incidence
of COVID-19 infection in rheumatic patients

Type of treatment COVID-19 infection p-value
No Yes
Frequency Frequency
(%) (%)
Rheumatic patients
bDMARDSs 148(37) 44 (435 0315
¢DMARDs 252 (63) 57 (55.5)
Rheumatoid arthritis
bDMARDs 86 (29.9) 23 (39) 0.383
cDMARDs 202 (70.1) 36 (61)
Psoriatic arthritis
bDMARDSs 22 (47) 6 (60) 0.541
cDMARDs 25 (53) 4 (40)
Ankylosing spondylitis
bDMARDSs 20(68.9)  7(63.6 0.786
cDMARDs 9 31.1) 4 (36.4
Behcet’s disease
bDMARDs 9 (55.9) 3(33.3) 0.410
cDMARDs 7 (44.0) 6 (66.7)
Granulomatosis with polyangiitis
bDMARDSs 7 (58.3) 4 (40) 0.400
cDMARDs 5 (41.7) 6 (60)

DMARDs — biologic disease-modifying antirheumatic drugs,
cDMARDs — conventional disease antirheumatic drugs.
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no apparent relationship between social distancing and
other health protocols and COVID-19 (p = 0.410).

Association between the treatment
strategy and COVID-19 infection

Tables Il and Il show the frequency of prescrib-
ing each DMARD and global bDMARDs and cDMARDs
in all patients and the hospitalized subjects. One
hundred ninety-two patients (37.5%) treated with
bDMARDs and cDMARDs and 11 (2.1%) patients stopped
bDMARD therapy independently or with physicians’
consultation.

A x? test was utilized to evaluate whether the com-
bination of bDMARDs and cDMARDs increases the risk
of COVID-19 infection. Table Il presents no association
between the type of the groups mentioned above and
the COVID-19 infection among patients, irrespective
of the disease types.

However, the test was carried out for each disease
type to ensure that using DMARDs could not make
rheumatic patients more vulnerable to the SARS-CoV-2
virus. In agreement with the previous results, adding
bDMARDSs to cDMARDs could not alter the susceptibility
of the patients to COVID-19 (Table III).

As regards cDMARDs, MTX significantly increased
and hydroxychloroquine significantly decreased the
chance of COVID-19 infection in our patients. In a few
patients treated with cyclophosphamide, the risk of in-
fection and death was increased (Table I1).

In bDMARD-treated patients, 177 received anti-TNFs,
and 26 received RTX. Thirty-six (80%) anti-TNF treated indi-
viduals and 9 (20%) RTX treated patients got infected with
COVID-19.

On the other hand, 141 (89.2%) anti-TNF and 17 (10.8%)
RTX treated individuals were COVID-19 free; there-
fore, the type of those biologic therapies did not affect
the risk of COVID-19 infection (p = 0.1, §? test).

Moreover, the hospitalization rate was also not
different between those biologic therapies (p = 0.3,
2 test). Regarding GC therapy: 357 (69.7%) participants
were treated with GCs in different doses 341 (95.5%)
less than 10 mg/day and 16 (4.5%) more than 10 mg/day.
Sixty-two and a half percent of patients treated with
more than 10 mg/day prednisolone got infected with
COVID-19 while 17.5% of patients treated with less than
10 mg/day got infected with coronavirus (p = 0.0001,
x’ test).

Moreover, the number of admitted patients in the
group of patients treated with more than 10 mg/day
prednisolone was significantly higher (70%) than in the
group of patients treated with smaller doses (21.6%)
(p = 0.005, 2 test).
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The only patient who died received more than
10 mg/day of prednisolone. Regarding MTX therapy, in
our study 117 patients (31/8) were treated with less than
7.5 mg/week and 251 (68/2) were treated with more
than that dose.

Conventional and biologic disease-
modifying antirheumatic drugs, the risk

of hospitalization of infected patients with
COVID-19

In this research, the frequency rate of COVID-19 in-
fection in 512 rheumatic patients was 19.9%. The rate
of hospitalization in our COVID-19 infected patients
was 23.9%. The mortality rate was also estimated to be
0.19%, which occurred in one patient with granuloma-
tosis with polyangiitis under treatment with high doses
of GC and cyclophosphamide.

Sixty-five percent of hospitalized patients were only
treated with cDMARDs, whereas the remaining 35% re-
ceived both bDMARDs and ¢cDMARDs. Similarly, 55.2%
of outpatient cases were only treated with cDMARDs,
and 44.8% received bDMARDs and cDMARDs (p = 0.46,
x? test). Therefore, DMARDs did not affect the COVID-19
hospitalization (Fig. 1).

As we mentioned above, the prednisolone therapy
and its dosage increased the risk of admission of our pa-
tients due to COVID-19 infection. Only one of the study
patients died, who had a known case of granulomatosis
with polyangiitis and was treated with cyclophospha-
mide and prednisolone more than 10 mg.

Regression analysis on the important
initial factors that influenced COVID-19
infection in the rheumatic patients

Based on the results obtained in the present study
and cumulative data, the statistically significant factors
that influenced COVID-19 infection in rheumatic pa-
tients were gender, adherence to health protocol, includ-
ing wearing masks, hand hygiene, and some cDMARDs
(MTX, hydroxychloroquine, and cyclophosphamide), and
prednisolone dosage.

In the next step, the regression correlation coefficient
test was employed. Among the mentioned factors, predni-
solone (> 10 mg/day) was associated with up to 5-fold in-
creased risk of COVID-19 development (OR = 4.7, p = 0.008)
(Table IV).

Moreover, the incidence risk of COVID-19 was approx-
imately 40% lower in the patients who were treated with
hydroxychloroquine (OR = 0.4, p = 0.022). The resulting
data also indicated that other factors such as gender,
health protocols, and type of DMARDs did not significant-
ly influence the COVID-19 in rheumatic patients.

W Hospitalized p>0.05
O Non-hospitalized

60 —\

T
p>0.05

g T
g 40
]
€
8
9]
a

20

0 T T

Biological and conventional Conventional DMARDs
DMARDs

Fig. 1. Influence of biologic and conventional
disease-modifying antirheumatic drugs on hos-
pitalization of rheumatic patients infected with
SARS-CoV-2. As presented, neither biologic nor
conventional DMARDs significantly altered the
hospitalization rate of rheumatic patients. Val-
ues are reported as mean +SD of three indepen-
dent experiments. Statistical significance was
defined as p < 0.05.

Table IV. Regression analysis of important risk factors
for COVID-19 infection in rheumatic patients based on
initial results

Factors OR 95% Cl  p-value
Gender 0.6 0.3-1.2 0.157
Mask use 0.5 0.1-2.2 0.419
Hands hygiene 03 0.07-2 0.277
Prednisolone (> 10 mg/day) 4.7 1.4-14.8  0.008
Methotrexate 0.5 0.3-1 0.073
Hydroxychloroquine 0.4 0.1-0.8 0.022
Cyclophosphamide 0.9 0.1-5.1 0.928

Comparison of demographic and related
disease data between suspected and
definite groups of COVID-19

As mentioned above, 102 definite and 52 suspected
patients, according to the local guide line definitions,
were diagnosed. Type of rheumatic diseases showed
no significant difference between the two groups.
Female gender was more common in the suspected
group (n = 44) than the definite one (n = 68) (p = 0.01,
x? test).

Reumatologia 2022; 60/4
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There was no significant difference in the adherence
to the COVID-19 infection prevention guidelines be-
tween the two groups, including social distancing, hand
hygiene and wearing a mask, and the frequency of un-
derlying diseases. Three smokers were found in the defi-
nite group and one in the suspected group.

Thirty-six definite patients and 21 suspected ones
received anti-TNF therapy, nine definite and three sus-
pected patients received RTX, there was no significant
difference between two groups according to bDMARDs
(p = 0.3, y? test), and no difference between the groups
in the number of patients receiving biologics or the
type of the drugs.

In addition, the frequency of cDMARDs did not differ
significantly between the two groups (p = 0.45, ¥* test).
Dose of the medication and arterial hypertension, number
of patients treated with prednisolone were not significant-
ly different between the two groups (p = 0.24). There was
no significant difference in bDMARDs withdrawal between
the two groups (p = 0.4 Fisher’s exact test). All suspected
patients complained of fever, myalgia, and sore throat.

Discussion

From the first case of COVID-19 infection in 2019, pa-
tients with underlying medical conditions, such as diabetes,
cardiovascular diseases, cancers, and arterial hypertension,
had a more significant health concern. From the begin-
ning, there was the hypothesis that these patients were
more likely to be infected and may have a more severe
course of COVID-19 than the general population [20-22].

Autoimmune patients are also suspected at high-
er risk for developing COVID-19 as well. The present
research was designed to examine the correlation of
the application of immunosuppressive agents, including
prednisolone and bDMARDs and cDMARDs, with the in-
cidence of COVID-19 infection in rheumatic patients dur-
ing the first two COVID-19 outbreaks.

The main results of our study were as follows:

1. The frequency of COVID-19 infection in 512 rheu-
matic patients with different types of diseases was
19.9%. The rate of hospitalization in our COVID-19
infected patients was 23.9%. The mortality rate was
also estimated to be 0.19%, which occurred in one
patient with granulomatosis with polyangiitis.

2. There was no correlation between the type of rheu-
matic diseases and COVID-19 infection.

3. Treating with anti-TNFs and RTX in addition to
cDMARDs did not increase the risk of COVID-19 in-
fection and hospitalization in our patients.

4. Glucocorticosteroid therapy, especially with doses
of more than 10 mg/day prednisolone, increases
the risk of COVID-19 infection and hospitalization.
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5. Methotrexate therapy significantly raised the num-
ber of COVID-19 infected patients.

6. Hydroxychloroquine significantly reduced the num-
ber of COVID-19 infected patients.

7. Most of our patients, specially bDMARDSs treated in-
dividuals, adhered to health protocols due to insight
into immunosuppression and increased risk of infec-
tions.

8. Biological DMARDs did not increase the mortality
rate due to COVID-19 infection in our patients.

A recent meta-analysis of more than 300,000 auto-
immune patients revealed that the incidence risk
of COVID-19 infection is twice as high in patients with
chronic autoimmune diseases compared with their
healthy counterparts [23].

Among autoimmune diseases, the results for the in-
fluence of rheumatic diseases on the susceptibility
of patients to the SARS-CoV-2 virus are still controversial.
Although some studies have claimed that the COVID-19
incidence rate might not be higher in rheumatic patients,
it should be remembered that immunosuppressive
agents such as DMARDs and GCs could expose the pa-
tients to a higher risk of viral infections [24].

Despite the ameliorating effects on disease symp-
toms, immunosuppressive agents such as anti-TNF
and rituximab increase the risk of bacterial and viral in-
fection in the patients, putting the application of such
drugs during a pandemic under debate.

The correlation between rheumatic disease and
the incidence risk of COVID-19 has been examined
in different studies and yielded inconsistent results.
While a previous report indicated that the incidence of
COVID-19 and the hospitalization rate in inflammato-
ry arthritis are 7.2% and 9.3%, respectively [25], other
studies failed to detect a correlation between these
two diseases.

Conticini et al. [26] reported that of 895 rheumat-
ic patients, only two patients were infected by SARS-
CoV-2. In another study, Favalli et al. [27] estimated that
in 2050 patients with inflammatory arthritis, definite
and suspected COVID-19 rates were 1.1% and 1.4%, re-
spectively, suggesting that rheumatic diseases could not
increase the incidence risk of COVID-19 development in
the individuals.

Gianfrancesco et al. [28] reported that 46% of rheu-
matic patients with SARS-CoV-2 infection were hospi-
talized, and about 9% of these patients lost their lives.
Strangfeld et al. [29] also reported the mortality rate
of 10.5% for COVID-19 in rheumatic patients, which was
significantly higher than the rate observed in the current
study.

Based on the previous findings and given the fact
that about 97% of the participants in the present study
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adhered to the health protocols, the COVID-19 fre-
quency rate of 19.9% indicated that rheumatic disease
could probably act as a risk factor capable of promoting
the disease even by exposure to a low viral load.

Additionally, since many studies have emphasized
the devastating effects of bDMARDs on the outcome
of COVID-19 infection, rheumatic patients receiving this
type of drug were more prone to adhering to hygiene
protocols or were more under medical supervision. The
lower COVID-19 incidence rate in our patients can be
attributed to the precautions taken by both the patient
and the physician.

Besides the underlying disease, individual character-
istics seem to be involved in developing COVID-19 dis-
ease. It has been claimed that there is a gender-based
difference in the COVID-19 severity among the individuals
as male patients have a higher mortality rate and disease
severity, which could be due to the influence of andro-
gens and ACE2 receptor presentations in the lungs [30].

In this research, however, the prevalence rate
of COVID-19 infection was higher in women, which can
be attributed to the higher prevalence of rheumatic
diseases in females — in addition to gender, wearing
masks with standard health protocols, such as sanitiz-
ing were other influential factors that could determine
the severity of COVID-19 infection in patients with
rheumatic diseases.

It is worth mentioning that although the incidence
rate of COVID-19 seems to be higher in RA (17%), anky-
losing spondylitis (12.5%), and granulomatosis with poly-
angiitis (11.4%), they showed no significant difference
with other groups.

Neither smoking nor addiction was associated with
increased risk of developing COVID-19 in our rheumatic
patients. However, the small number of addict and
smoker patients makes this result inconclusive. As most
of our patients were female, the number of smokers and
addicts was deficient. A study showed that the mortality
rate of COVID-19 was lower in smoker patients; also, it
had limitations [31].

The application of immune-modulatory agents was
another criterion that has been enumerated in deter-
mining the susceptibility of the patients to viral infec-
tions. One study conducted on MS patients found that
COVID-19 development was significantly higher in pa-
tients who received ocrelizumab, an antiCD20 therapy
targeting B lymphocytes [32].

It was of particular interest to evaluate whether
the type of treatment in rheumatic patients could affect
their susceptibility to COVID-19. Interestingly, although
the type of DMARDs and the incidence rate of COVID-19
in patients with rheumatic diseases were not significantly

correlated, it seems that those treated with cDMARDs are
at higher risk for developing COVID-19.

Moreover, in our study, treatment with cDMARDs
was twice as frequent as that with bDMARDs in hos-
pitalized patients. It is notable that cDMARDs are used
much more frequently than bDMARDs. Among cDMARDs,
MTX, hydroxychloroquine, and cyclophosphamide ap-
pear to significantly affect the incidence and the severi-
ty of COVID-19 in these patients.

Also, the sample size of patients treated with cyclo-
phosphamide in this study was too small to be conclu-
sive. The resulting data also indicated that patients who
received hydroxychloroquine had a 40% lower chance
of COVID-19 infection. In line with our findings, Akiyama
et al. [23] stated that unlike bDMARDSs, such as anti-TNF,
cDMARDs could increase the severity and the mortality
rate of COVID-19 patients.

Another study also indicated that bDMARDs could
reduce the incidence rate of COVID-19 infection 0.47-fold
[27]. The deteriorating impact of cDMARDs on COVID-19
progression has been reported in several studies.

However, in agreement with our findings, Migkos
et al. [25] reported that hydroxychloroquine had no ad-
verse effect on the intensity of COVID-19 in patients with
rheumatic diseases.

The more decisive influence of bDMARDs on the se-
verity of COVID-19 could be due to the suppressive effect
of these drugs on the COVID-19-induced cytokine storm
[18]. There are conflicting data on the prophylactic and
treatment role of hydroxychloroquine, especially during
the initial outbreaks without enough knowledge and ac-
cess to vaccination.

A meta-analysis revealed that the prevalence rate
of COVID-19 was strikingly lower in the individuals who
were treated with hydroxychloroquine prior to exposure
to the SARS-CoV-2 virus. Apart from the protective ef-
fects of hydroxychloroquine, this meta-analysis also
provided more information on the safety of weekly ad-
ministration of the drug and proposed starting universal
vaccination [33].

Hydroxychloroquine was the mainstay of local
treatment guidelines before vaccination in our coun-
try. As regards MTX, the fact that most of our patients
were treated with high doses of this drug (more than
7.5 mg/week) may be due to more disease activity or
discontinuation of bDMARDs.

Although it is hypothesized that MTX may act pro-
tectively against COVID-19 infection due to increased
adenosine formation and decreased ACE2 lung recep-
tors [34], our study showed that in higher doses com-
bination DMARDs therapy or disease activity does not
support this hypothesis. Moreover, the large number
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of patients treated with MTX in this study (368 patients)
increases the power of our findings.

Apart from DMARDs, prednisolone is one of the es-
sential GCs used in treating rheumatic patients. Several
studies have scrutinized the influence of prednisolone
on the incidence of COVID-19. In this regard, Strangfeld
et al. [29] found that prednisolone at a dosage > 10 mg/
day was associated with elevated risk of hospitalization
due to COVID-19 infection in rheumatic patients.

In another study on 600 rheumatic patients, Gi-
anfrancesco et al. [28] declared that high doses of pred-
nisolone could increase the hospitalization risk 2-fold.
In agreement with these studies, here, prednisolone at
a dosage higher than 10 mg/day led to a 5-fold increase
in the incidence rate of COVID-19 in our patients. Sec-
ond, COVID-19 patients who were treated with a higher
dosage of this GC were more prone to be hospitalized.

Regression analysis showed that the GCis a free risk
factor for this infection independent of other risk factors
for COVID-19 infection, such as other DMARD therapies.

This influence could be discussed from two perspec-
tives. First, it is well-established that prednisolone can
remarkably inhibit the secretion of stimulatory cytokines
by halting the activity of the nuclear factor kB signaling
axis [35]. Moreover, by suppressing the effect of cytotox-
ic T cells, this GC could stop one of the most important
arms of the immune system against viral infections [36].

Additionally, patients with more severe underlying
diseases might require a greater concentration of the
drug. Indeed, the severity of the underlying disease prob-
ably increases the patients’ vulnerability to the SARS-
CoV-2 virus. The results from this study indicated that
the use of drugs such as prednisolone could increase
the prevalence risk of COVID-19 in patients with rheu-
matic diseases. However, we know that dexamethasone
plays a critical therapeutic role in the cytokine storm
of COVID-19 infection [29].

Study limitations

Some limitations of this study are as follows:

1. Due to the fear of COVID-19 infection, some patients
did not respond to our follow-up appointment and
were reluctant to refer to the hospital or health care
centers, and did not participate in the study.

2. On the other hand, the answer of the COVID-19-in-
fected patients to the questions on observing
the health protocols and guidelines about the higher
risk of infection might be biased.

3. The follow-up plan and completing the check-
list made the patients more alert about the risk of
COVID-19 infection, and it may affect their behaviors
and protecting lifestyle during the outbreaks.
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4. The lack of PCR test for COVID-19 screening during
the first episodes of the outbreak led to missing
a significant percentage of mildly infected patients
in our research, and therefore, the results may be ap-
plicable for more symptomatic patients.

Conclusions

This study revealed that during the first and second
COVID-19 outbreaks and before vaccination, bDMARDSs
did not increase the risk of infection and death due to
the SARS-CoV-2 virus in rheumatic patients.

On the other hand, MTX can increase, and hydro-
xychloroquine can decrease the risk of COVID-19 in-
fection in rheumatic patients. There was no difference
in the frequency of COVID-19 infection according to
the type of rheumatic disease.

After the complete vaccination, further research is
required to evaluate the correlation between rheumatic
diseases, drugs, and new variants of the SARS-CoV-2 virus
and determine the impact on the ability to produce an-
tibodies against the virus and response to vaccinations.
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