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ABSTRACT

Coronavirus disease 2019 (COVID-19) is an infectious disease that became a global health emergency.
This review focuses on the aspects of COVID-19 pertaining to rheumatology, including signs and symp-
toms akin to those observed in rheumatic disorders, risk of infection or severe course of the disease in
patients with a pre-existing rheumatic disease and those receiving antirheumatic or immunosuppres-
sive medication, as well as potential use of antirheumatic or anticytokine therapeutic strategies that
are already applied in rheumatology (among others, chloroquine, hydroxychloroquine, tocilizumab, and

baricitinib) in patients with COVID-19.

Introduction  Coronavirus disease 2019 (COVID-19)
is caused by the newly discovered severe acute re-
spiratory syndrome coronavirus 2 (SARS-CoV-2).
The novel RNA virus was previously provisionally
named 2019 novel coronavirus (2019-nCoV). In
a short time, the emergence of COVID-19 that
began in December 2019 in China escalated to
a pandemic and became a major public health is-
sue with a significant sequela of a number of fa-
tal cases all over the world.'-*

Coronaviruses are a group of pathogens which
took their name from the crown-like spikes on
their surface. The viruses infect vertebrates in-
cluding humans. Since the mid-1960s, a few hu-
man coronaviruses have been identified as caus-
ative agents of respiratory infections, includ-
ing severe acute respiratory syndrome corona-
virus (SARS-CoV) and Middle East respirato-
ry syndrome coronavirus (MERS-CoV). These 2
are responsible for a large number of fatal cases
(SARS-CoV caused at least 774 deaths in 2003 and
MERS-CoV at least 850 in 2012)-* The zoonotic
origin of SARS-CoV-2 is suggested to be similar
to that of the previously reported coronaviruses.
Despite the probable role of an intermediate host
(pangolin), all current infections are a result of
human-to-human viral transmission.® Possibly,
at the time of publication of this review, the num-
ber of infected patients in the whole world ex-
ceeded 2 million cases.

This short review focuses on potential con-
verging views on COVID-19 and rheumatology.
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Despite a relatively large number of papers on
coronaviruses and COVID-19 that have been
published in recent months, the problems com-
mon to rheumatology and infectiology regarding
COVID-19 are discussed in a few papers only.t-

Musculoskeletal involvement in coronavirus disease
2019 Severe acute respiratory syndrome corona-
virus 2 exploits membrane-bound angiotensin-
-converting enzyme 2 (ACE2) to enter its tar-
get cells. This mechanism seems to be common
to all coronaviruses including SARS-CoV and
MERS-CoV. The ACE?2 receptor is expressed in
the epithelial cells of the mouth and tongue, type
1 and 2 alveolar epithelial cells of the lungs, as well
as in the cells of the heart, kidneys, and parts of
the gastrointestinal tract. From the epidemiolog-
ical point of view, the most pathological phenom-
enon is the virus binding to the ACE2 receptor in
the respiratory tract. It is possible that other lo-
cations of ACE2 are also involved in the clinical
course of the disease, but their role in this pro-
cess remains unknown.'? The infection starts with
the binding of the spike glycoprotein of the viral
envelope to the ACE2 receptor.'"'? The next step is
endocytosis of the complex. Inside the cell, the vi-
rus uses transcriptional pathways to replicate it-
self."® It results in spreading the virus through-
out the lungs. Infection of the alveolar and bron-
chial cells causes loss of the cellular function, in-
cluding loss of ability of ciliated cells to eliminate
fluids, mucin, and cellular debris from the lungs.
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This is believed to be the main causative mecha-
nism of severe acute respiratory syndrome. Bind-
ing of the spike glycoprotein to the ACE2 recep-
tor is hypothetically a mechanism for the devel-
opment of potential antiviral agents."

Clinical manifestations of COVID-19 vary from
mild to severe.! The most common symptoms are
fever, cough, fatigue, and signs of pneumonia.
Some patients present with headache, diarrhea,
vomiting, runny nose, and hemoptysis. The het-
erogeneous clinical presentation of COVID-19 also
includes manifestations that can mimic rheumat-
ic diseases. They include myalgias and arthral-
gias. Myalgias are considered to be more com-
mon and occur in about one-fourth of all infected
symptomatic patients.'® Arthralgias are found in
about 15% of the patients with COVID-19.° Oth-
er features of COVID-19 are also nonspecific and
some of them are similar to those observed in
rheumatic patients.'® They include fatigue, which
commonly precedes the development of system-
ic autoimmune disorders, and leukopenia, pre-
dominantly lymphopenia and thrombocytope-
nia, which are seen in patients with systemic lu-
pus erythematosus.®

Our knowledge of the clinical course of
COVID-19 is still limited. More attention has been
paid to the risk factors of a severe or fatal course
of the disease. Coronaviruses seem to be charac-
terized by significant tropism to the respiratory
system. Published analyses of signs and symp-
toms do not indicate symptomatology akin to
rheumatic disorders. The clinical manifestations
of COVID-19 are also different from those typi-
cal for viral arthritis."”'® Joob and Wiwanitkit'®
reported arthralgia as an initial presentation of
COVID-19 that occurred in 1 woman among 40
patients monitored in Thailand. It is possible that
some mild cases may be seen by rheumatologists
as the first doctors contacted and future analyses
of symptomatology in a large population of pa-
tients with COVID-19 might reveal possible dis-
ease manifestations resembling acute arthritis or
other systemic rheumatic disorders.

Coronavirus disease 2019 and patients with rheumatic
diseases The relationship between infection and
rheumatic disorders is complex. Altered immuni-
ty, including autoimmune phenomena, is a com-
mon mechanism of a number of rheumatic diseas-
es. Many currently applied therapeutic strategies
are based on immunosuppressive drugs or medi-
cations that are believed to modulate patient im-
munity. Two main aspects of the problem should
be highlighted. The first is the role of viral infec-
tion in the development of certain rheumatic dis-
orders, and the second is susceptibility of rheu-
matic patients to viral infections, resulting from
altered immunity. Aberrant immunity is caused by
the disease and administered medication as well.

Viral infections and rheumatic disorders Viral in-
fections are considered to be a trigger of some
immune-mediated rheumatic diseases. Altered
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immunity, including autoimmunity, is a common
mechanism of a number of rheumatic diseas-
es and it has been suggested that viruses play
a role in the development of autoimmunity.?’-%3
The mechanism behind the induction of autoim-
munity by viral infections in susceptible individu-
als remains unclear. The oldest hypothesis is based
on antigen mimicry. According to that hypothesis,
viruses carry antigens that are structurally akin
to self-antigens and autoimmunity results from
immune cross-reactivity. Another hypothesis is
related to local inflammation caused by viral in-
fection. Localized inflammatory environment is
responsible for the release of self-antigens from
the damaged tissue and the development of auto-
immune phenomena. A modified version of this
view is a simple hypothesis that infecting viruses
directly damage the cells, which triggers the re-
lease of self-antigens. This process may be asso-
ciated with impaired immune tolerance and gen-
eration of autoreactive cellular lines.?*

Several studies linked viral infections of the re-
spiratory tract to autoimmunity. A few reports
suggested an association of respiratory viral in-
fections with the development of rheumatic dis-
eases.”® 26 Studies investigating the incidence and
course of autoimmune disorders in individuals
who recovered from COVID-19 would be of val-
ue. Immunity alterations that may be caused by
viral infections are unknown, but it is possible
that they could intensify autoimmune phenome-
na. Atleast a few years of observations are need-
ed to evaluate this issue.

The risk of coronavirus disease 2019 in patients with
rheumatic disorders The risk of infections in pa-
tients with rheumatic disorders is a subject of
numerous studies. It is believed that most of
immune-mediated inflammatory rheumatic dis-
eases are associated with decreased immunity.
Reduced immunity also results from the man-
agement of rheumatic disorders, because almost
all treatment options involve agents with immu-
nosuppressive properties. It is impossible to dis-
tinguish between the role of disease mechanisms
and medication activity while assessing the pa-
tient’s immunity. There are almost no data avail-
able on immunity of treatment-naive patients.
On the other hand, the relationship between dis-
ease activity and decreased immunity remains
unclear. It has been observed that patients with
active disease are prone to infections due to im-
paired immunity, and administration of a drug
that is also immunosuppressive results in a de-
creased disease activity. Thus, despite immuno-
suppressive properties of the agent, the overall
resistance to infection improves in these patients.

There is a large body of evidence indicating that
patients with inflammatory diseases are prone to
infections. Detailed numbers describing the risk
provided in various studies or meta-analyses dif-
fer because of multifactorial nature of susceptibil-
ity of an individual to infection. All those data in-
directly support an increased risk of COVID-19 in



rheumatic patients.?’ Up to now, there have been
no systematic studies of that cohort. Favalli et al’
are the first investigators who addressed the risk
of viral infection in patients with rheumatoid ar-
thritis. Monti et al?® reported 4 confirmed cases of
COVID-19 in a group of 320 patients from Lom-
bardy. The patients had rheumatoid arthritis or
spondyloarthritis and were treated with biologi-
cal or targeted, synthetic, disease-modifying an-
tirheumatic drugs. However, the small group of
infected patients does not allow us to draw any
conclusions on the incidence rate of COVID-19 in
patients with rheumatic diseases or the overall
outcome of the infection. Mihai et al*® reported
a case of a woman with systemic sclerosis treat-
ed with tocilizumab who developed COVID-19.
The course of the disease was mild and the pa-
tient was declared to have recovered from infec-
tion. Sawalha et al*” suggested a potential mech-
anism of enhanced susceptibility of patients with
systemic lupus erythematosus to SARS-CoV-2 in-
fection. In patients with lupus, hypomethylation
and overexpression of ACE2 was proven. Oxida-
tive stress induced by viral infection additional-
ly impaired defective DNA methylation and en-
hanced viremia. It has been also suggested that
demethylation of other genes that code immune
active proteins (eg, interferon-regulated proteins,
nuclear factor kB, and cytokines) may facilitate
development of cytokine storm. Epigenetic dys-
regulation, although only hypothetically, indi-
cates that patients with lupus are more prone to
the development, and severe course, of COVID-19
as compared with the general population.

Children are generally considered less prone
to develop severe symptoms of COVID-19 and
mortality is relatively low in this population.
The mechanism of this phenomenon remains
unclear. It is suggested that coinfections (and
coclearance) with other viruses may help chil-
dren to overcome SARS-CoV-2 infection. Con-
sidering the cohort of children with rheumatic
diseases, it has been suggested that pre-existing
anti-inflammatory treatment might not increase
the risk significantly, but this statement is based
on limited experience only.® 3

A potentially increased risk of infection, a se-
vere course of the disease, and death among
the patients with rheumatic diseases who are
immunocompromised is the main concern among
rheumatologists.?**® Summing up, there are no
direct data on susceptibility of patients with in-
flammatory rheumatic diseases who receive im-
munosuppressive medication to SARS-CoV-2 in-
fection. All indirect data strongly support the view
that these patients are prone to COVID-19. Oth-
er factors affecting host resistance to infection
should be considered. Of note, clinical manifes-
tations of COVID-19 may also differ from these
present in other viral disorders, and the disease
may have an altered course in rheumatic patients.
Further studies on the topic are urgently needed.
For clinical practice, we have to adopt indirect sug-
gestions and manage patients on a case-by-case
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basis, taking into account the risk of infection
and disease activity associated with the need for
therapy continuation. The only reasonable recom-
mendation as of today is the application of en-
hanced general protective measures against in-
fection in rheumatic patients.

Can antirheumatic therapies be a potential tool to treat
coronavirus disease 20197  Application of medica-
tion used for the management of rheumatic dis-
orders in patients with COVID-19 is based on se-
lected findings on the mechanism of cytokine dys-
regulation in patients with COVID-19. In some
aspects, they are similar to those revealed in pa-
tients with rheumatic diseases and can be con-
trolled with antirheumatic therapy. The role of hy-
droxychloroquine and chloroquine in the poten-
tial management of COVID-19 is relatively well
explored. Another issue is the hypothetical appli-
cation of anticytokine therapy in patients with
COVID-19. A few suggestions regarding possible
use of other therapeutic agents (Janus kinase in-
hibitors) have also been put forward.

The use of antirheumatic drugs in patients with
COVID-19 is still based on low-evidence observa-
tions. Some authors added a word of caution, es-
pecially addressing long-term outcomes.** There
is also an ethical dilemma related to the availabil-
ity of the drugs, including chloroquine and hy-
droxychloroquine, which are still needed by pa-
tients with rheumatic diseases, but in some parts
of the world they are available only for patients
with COVID-19.%5

Phases of coronavirus disease 2019 and the poten-
tial use of antirheumatic drugs From the rheu-
matologist’s perspective, the following phases of
COVID-19 can be distinguished: 1) early phase,
that is, penetration of the virus to the cells; 2) vi-
remic phase; and 3) cytokine storm phase.? As
described above, SARS-CoV-2 utilizes the ACE2
receptor for cellular entry. Modifications in
the structure and expression of the receptor may
be a genetic or environmental factor affecting sus-
ceptibility to infection or determining the course
and severity of the disease. The rheumatological
perspective is focused on the potential use of chlo-
roquine or hydroxychloroquine to prevent the vi-
rus from entering the target cells. More details
on this approach and its possible clinical applica-
tion are described later in this review.

Of note, there is an anecdotal report suggest-
ing that ibuprofen, a commonly used nonsteroi-
dal anti-inflammatory drug, increases the expres-
sion of ACE2 receptors and in this way enhanc-
es viral penetration to the cells.’® It also remains
unclear if this suggestion is limited to ibupro-
fen only, may be a class feature of all nonsteroi-
dal anti-inflammatory drugs, or is a property of
only a few drugs from this group. Despite lack
of evidence, it has been suggested to avoid us-
ing ibuprofen during the COVID-19 pandemic.’
Additionally, cardiologists advised either initi-
ation or discontinuation of management with
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angiotensin-converting enzyme inhibitors or an-
giotensin receptor antagonists in patients with
COVID-19 or those at high risk of infection.?’

The viremic phase of COVID-19 is associated
with manifestations of musculoskeletal symptoms
and cytopenia. In this phase, upregulation of in-
flammatory phenomena takes place. It is possi-
ble that chloroquine or hydroxychloroquine in-
terfering with Toll-like receptor stimulation may
be useful in the management of the infected pa-
tients. Some authors suggested that the drugs
limit replication of the virus as well.'¥38

The last and most severe phase of COVID-19 is
known as cytokine storm and is characterized by
a mechanism and clinical manifestation very sim-
ilar to a severe complication of some rheumatic
diseases. Possibly, therapeutic measures applied
in rheumatology are potentially effective also in
patients with COVID-19.

Chloroquine and hydroxychloroquine in the treatment
of coronavirus disease 2019  Chloroquine and hy-
droxychloroquine are aminoquinolines primari-
ly applied as antimalarial drugs and have been
used as disease-modifying antirheumatic drugs
for more than half a century. Currently, hydroxy-
chloroquine and chloroquine are recommended
for the management of patients with systemic lu-
pus erythematosus,*®*? rheumatoid arthritis,*'
primary Sjogren syndrome,*? antiphospholipid
syndrome,”*** and some other immune-mediated
rheumatic disorders. The use of hydroxychloro-
quine and chloroquine in rheumatology is based
on empirical findings confirmed by clinical trials,
although the drugs’ mechanism of action is not
fully understood.*® The are 4-aminoquinolines,
which are weak bases due to presence of a basic
side chain. The chain is suggested to be respon-
sible for drug accumulation in lysosomes and in-
teraction with nucleic acids. Chloroquine is used
as a phosphate, and hydroxychloroquine as a sul-
fate. Hydroxychloroquine has an N-hydroxy-ethyl
side chain in place of the N-diethyl group of chlo-
roquine and it is generally considered less toxic.
Several mechanisms of action of the drugs
have been postulated. The main suggested mech-
anisms are: affecting lysosomal activity, inhibi-
tion of the Toll-like receptor signaling pathway,
binding to DNA, affecting immune phenomena
(due to influence upon antigen-presenting cells,
T and B cell activity), and inhibition of proin-
flammatory cytokines. A detailed description of
the potential mechanisms of action of chloroquine
and hydroxychloroquine in patients with rheu-
matic disorders can be found elsewhere.?® Here,
the mechanisms that can be involved in the con-
trol of COVID-19 are reviewed briefly.
Chloroquine and hydroxychloroquine increase
pH of endosomes and in this way inhibit inter-
nalization of the SARS-CoV-2 and ACE2 complex.
The drugs have the ability to accumulate in lyso-
somes and inflamed tissue. Moreover, the drugs
are protonated inside the cells, which enhanc-
es their activity. Interference with the endocytic
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pathway is considered as the main antiviral mech-
anism of action of the drugs in an early phase
of infection. It is also possible that other anti-
-inflammatory mechanisms of action of hydroxy-
chloroquine or chloroquine are also efficient in
the management of patients with COVID-19.
The drugs have been reported to indirectly re-
duce secretion of proinflammatory cytokines by
various cell types. In vitro, an inhibited secre-
tion of interleukin 1, interleukin 6, tumor ne-
crosis factor a, and interferon y by mononucle-
ar cells exposed to hydroxychloroquine or chlo-
roquine was reported.**

A systematic review of 8 papers and 23 clini-
cal trials by Cortegiani et al'® revealed that there
is a sufficient preclinical rationale and evidence
regarding the effectiveness of chloroquine or hy-
droxychloroquine in the treatment of patients
with COVID-19, although further results based
on high-quality, controlled clinical trials coming
from various locations worldwide are needed to
obtain evidence in order to include these drugs
in the therapeutic strategy. Some national guide-
lines included hydroxychloroquine or chloroquine
in the armamentarium against COVID-19. Similar
conclusions can be found in other recently pub-
lished papers on the use of hydroxychloroquine
or chloroquine in patients with COVID-19.6-4¢
Importantly, there are no data recommending
the use of these drugs as prophylaxis against
SARS-CoV-2 infection and we should wait for
the results of clinical trials.*®

Anticytokine drugs in the management of coronavi-
rus disease 2019  Severe forms of COVID-19 are
associated with cytokine oversecretion and dys-
regulation known as cytokine release syndrome,
or cytokine storm. Mehta et al®® suggested that
the pathogenesis of acute respiratory distress
syndrome is similar to that of secondary hemo-
phagocytic lymphohistiocytosis leading to fulmi-
nant hypercytokinemia with multiple organ fail-
ure. This clinical condition is seen in rheumatol-
ogy and is known as macrophage activation syn-
drome. The pathophysiology of the syndrome is
understood only partially, but it is believed that
defective lysis of activated antigen-presenting
cells results in amplification of a proinflammatory
cascade. Oversecretion of proinflammatory cyto-
kines leads to activation of macrophages, causing
hemophagocytosis and organ damage.*'-** Clini-
cally, macrophage activation syndrome is a severe,
life-threatening complication of some systemic
autoimmune disorders characterized by high fe-
ver, disseminated intravascular coagulation, hy-
pofibrinogenemia, hyperferritinemia, hypertri-
glyceridemia, pancytopenia, hepatosplenomeg-
aly, lymphadenopathy, and hepatic dysfunction.
The syndrome may be triggered by viral infection.
Treatment includes glucocorticoids and biologi-
cal agents against interleukin 1 (anakinra)®' and
interleukin 6 (tocilizumab). The management of
macrophage activation syndrome includes ad-
ministration of glucocorticoids and anticytokine



biological medication. Some reports suggested
a beneficial effect of interleukin-1 blockade.’*%°
More attention has been paid to tocilizumab,
amonoclonal antibody against the interleukin-6
receptor.’® Similar measures are suggested for
patients with COVID-19. A small retrospective
study of critically ill patients with COVID-19 dem-
onstrated some improvement after tocilizum-
ab administration. Further investigations are in
progress.5®:56

Increased levels of tumor necrosis factor o were
observed in patients with COVID-19 and their
correlation with disease severity indicated a pos-
sible role of this cytokine in the development of
inflammation.?’*® A potential role of adalimum-
ab is under investigation and the study results
have not been available yet.

Janus kinase inhibitors Baricitinib and tofaci-
tinib are Janus kinase inhibitors that affect sig-
nal transduction from the external cell surface
receptor to the cell nucleus. Baricitinib is regis-
tered for the management of rheumatoid arthri-
tis, and tofacitinib is used in patients with anky-
losing spondylitis, psoriatic arthritis, ulcerative
colitis, and rheumatoid arthritis. Baricitinib has
been suggested to be useful in blocking viral en-
try into the target cells and in the prevention of
excessive inflammatory response and cytokine
dysregulation.®® These suggestions need further
evaluation.

Intravenous immunoglobulins  The potential role
of intravenous immunoglobulins in the manage-
ment of patients with COVID-19 has been also
suggested.® This is not supported by evidence
from research data. Moreover, immunoglobu-
lin infusion does not contain specific antibodies
against SARS-CoV-2 and has no specific antivi-
ral activity. Such properties are attributed only
to plasma from individuals who recovered from
the disease. In rheumatic disorders, intravenous
infusions of immunoglobulins are used to mod-
ulate immunity. There are no data showing that
application of immunoglobulins is beneficial to
the patients. In the author’s opinion, this med-
ication will not be recommended for patients
with COVID-19, particularly because of the fact
that immunoglobulin infusion may exert some
immunosuppressive effect on the body. It is un-
clear whether the administration of immunoglob-
ulins will diminish cytokine storm, but this effect
seems to be lower as compared with anticytokine
medication. On the contrary, plasma from con-
valescents seems to be a very valuable tool for
the management of severe forms of COVID-19.

Global rheumatology and coronavirus disease 2019
On April 6, 2020, The Lancet published a letter by
Lewandowski and Hsieh®? describing the launch
of a global registry of patients with rheumat-
ic and musculoskeletal diseases and COVID-19.
The project is addressed to physicians worldwide
and intended to report such cases and establish

REVIEW ARTICLE COVID-19 and rheumatology

a database. The COVID-19 Global Rheumatol-
ogy Alliance engaged rheumatologists all over
the world and received support from nonprofit
organizations and major rheumatological jour-
nals. The paper includes a list of scientific and
clinical challenges faced by the rheumatologist
community and the COVID-19 Global Rheumatol-
ogy Alliance may facilitate obtaining answers to
those questions. Initial data from the COVID-19
Global Rheumatology Alliance provider registries
have been recently published®' and some clinical
characteristics of patients with rheumatic dis-
ease in the United States during the early days of
the COVID-19 pandemic are currently available.®?

Conclusions Five months of the COVID-19 pan-
demic and its severe worldwide succession—
the unusually progressive increase in the num-
ber of fatal cases in particular—are associated
with an increased number of published studies.
Despite this, there are currently no cumulative
analyses based on large groups of patients; how-
ever, they will certainly be published in the fu-
ture. This explains the particular style of this re-
view, addressing the questions rather than sum-
marizing the cumulative answers.

There are a few points of confluence between
COVID-19 and rheumatology. The key role of
the rheumatologist in coping with the pandem-
ic seems to be offering expertise in the use of
drugs affecting immune processes, which might
be useful in the management of patients with
COVID-19. These drugs have already been success-
fully applied in rheumatology for 1 or 2 decades.

The risk of SARS-CoV-2 infection in patients
with rheumatic disorders or developing a severe
form of COVID-19 constitute a significant prob-
lem in the practice of rheumatologists. It is as-
sociated with a question of continuation or mod-
ification of already administered antirheumatic
medication. These questions, in order to be an-
swered, need further investigation and evidence
from well-controlled studies. Currently, they can
be answered based on expert opinions only. It
seems highly probable that analyses of large pop-
ulations of patients with COVID-19 will reveal
more details on “rheumatic” manifestations or
involvement of the musculoskeletal system in
some patients.®?

In the author’s opinion, despite lack of answers
and need for further research, rheumatologists
all over the world have already joined the medical
community in the difficult battle with COVID-19.
We all understand that the implementation of in-
fection control measures should be accompanied
by our joint effort to understand the complex
manifestations of COVID-19, also those within
the musculoskeletal system. Once we learn more,
we can respond better.
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