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Abstract

The ongoing pandemic coronavirus disease 19 (COVID-19) caused by the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) is a matter of global concern. Environmental factors such as air pollution and smoking and comorbid conditions
(hypertension, diabetes mellitus and underlying cardio-respiratory illness) likely increase the severity of COVID-19. Rheumatic
manifestations such as arthralgias and arthritis may be prevalent in about a seventh of individuals. COVID-19 can result in acute
interstitial pneumonia, myocarditis, leucopenia (with lymphopenia) and thrombocytopenia, also seen in rheumatic diseases like
lupus and Sjogren’s syndrome. Severe disease in a subset of patients may be driven by cytokine storm, possibly due to secondary
hemophagocytic lymphohistiocytosis (HLH), akin to that in systemic onset juvenile idiopathic arthritis or adult-onset Still’s
disease. In the absence of high-quality evidence in this emerging disease, understanding of pathogenesis may help postulate
potential therapies. Angiotensin converting enzyme 2 (ACE2) appears important for viral entry into pneumocytes; dysbalance in
ACE2 as caused by ACE inhibitors or ibuprofen may predispose to severe disease. Preliminary evidence suggests potential
benefit with chloroquine or hydroxychloroquine. Antiviral drugs like lopinavir/ritonavir, favipiravir and remdesivir are also being
explored. Cytokine storm and secondary HLH might require heightened immunosuppressive regimens. Current international
society recommendations suggest that patients with rheumatic diseases on immunosuppressive therapy should not stop gluco-
corticoids during COVID-19 infection, although minimum possible doses may be used. Disease-modifying drugs should be
continued; cessation may be considered during infection episodes as per standard practices. Development of a vaccine may be the
only effective long-term protection against this disease.

Key Points

* Patients with coronavirus disease 19 (COVID-19) may have features mimicking rheumatic diseases, such as arthralgias, acute interstitial pneumonia,
myocarditis, leucopenia, lymphopenia, thrombocytopenia and cytokine storm with features akin to secondary hemophagocytic lymphohistiocytosis.

o Although preliminary results may be encouraging, high-quality clinical trials are needed to better understand the role of drugs commonly used in
rheumatology like hydroxychloroquine and tocilizumab in COVID-19.

o Until further evidence emerges, it may be cautiously recommended to continue glucocorticoids and other disease-modifying antirheumatic drugs
(DMARD:s) in patients receiving these therapies, with discontinuation of DMARDs during infections as per standard practice.
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(COVID-19) caused by the ribonucleic acid (RNA) virus
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) emerged a few months ago in Wuhan, China, and
has claimed more than 30,000 victims worldwide [1-3].
After an initial explosive outbreak of pneumonia of un-
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affected certain ethnicities, transformed into multisystem
neutrophilic disorder and migrated from Asia to Europe
millennia ago. The United States of America, Italy, Spain,
China, Germany and Iran are now the leading countries
with most confirmed cases and related deaths [4]. The
detection of SARS-CoV-2 infection relies on a polymer-
ase chain reaction (PCR) analysis of samples from throat
and nasal swabs [2]. Reporting of the results of the PCR
tests to the World Health Organization (WHO) has result-
ed in mapping the disease transmission and distinguishing
continental Europe and North America as the current hot-
bed of this pandemic [4]. The dynamics of this pandemic
raises concerns over the safety of the global human pop-
ulation and necessitates responsible actions of the whole
society. Patients affected with rheumatic diseases repre-
sent a particularly vulnerable group, considering that they
might be on immunosuppressive therapy. In this article,
we provide the perspectives of a rheumatologist on
COVID-19, including rheumatic manifestations associated
with this disease, and special considerations for this group
of patients. We also discuss potential therapeutic targets
for management of COVID-19, some of which are com-
monly used in rheumatology practice.

Risk factors for severe COVID-19

Crude fatality rates vary globally from 5.6 to 15.2% [5], witha
greater risk of dying for elderly individuals and those with
comorbid conditions such as hypertension and diabetes
mellitus [6]. A pooled analysis of 46,248 cases revealed that
hypertension (17%, 95% confidence interval [CI] 14-22%),
diabetes mellitus (8%, 95% CI 6-11%), cardiovascular dis-
ease (5%, 95% CI 4-7%) and respiratory morbidity (2%,
95% CI 1-3%) are the most prevalent comorbidities [7].
Smoking appears to increase the risk of adverse outcomes in
COVID-19 [8]. It may increase the expression of angiotensin-
converting enzyme 2 (ACE2) in Asian current smokers and
make them prone to COVID-19 [9]. Air pollution may also
increase the risk of severe COVID-19. High mortality due to
COVID-19 in some countries and air pollution are possibly
associated [10]. Rheumatologists should be aware of these
risk factors for severe COVID-19 as these are also likely to
be operational in their patients with rheumatic diseases.

Manifestations of COVID-19 which may mimic
rheumatic diseases

Clinical presentation of COVID-19 ranges from asymptomat-
ic to severe pneumonia. Based on the WHO analysis of
55,924 confirmed cases, fever (87.9%), dry cough (67.7%)
and fatigue (38.1%) are common symptoms of the infection
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[11]. Myalgia or arthralgia (14.8%) are also among typical
symptoms [11]. Acute bilateral interstitial pneumonia is the
major cause of morbidity and mortality in COVID-19. Early
diagnosis of pneumonia is preferably based on high-resolution
computed tomography since chest radiography can miss pul-
monary infiltrates at early stages of the disease [12]. The dy-
namics of platelet count and its low level may predict severe
course and lethal outcome in COVID-19 pneumonia. A recent
systematic review identified greater odds of severe COVID-
19 in those patients with thrombocytopenia (odds ratio 5.1,
95% CI 1.8-14.6) [13]. Also, severe course is typically asso-
ciated with low lymphocyte, high leucocyte counts and ele-
vated neutrophil-lymphocyte ratio [14]. Acute interstitial
pneumonia, lymphopenia and thrombocytopenia may also
be seen with disease activity in systemic lupus erythematosus
and Sjogren’s syndrome. Hence, the development of such fea-
tures in patients with these underlying diseases might result in
clinical confusion as to whether this is infective or autoim-
mune in origin.

Uncontrolled release of inflammatory cytokines such as
interleukin (IL)-18, IL-6, monocyte chemoattractant protein
1, associated with increased serum ferritin levels and de-
creased natural killer cell function may result in cytokine
storm syndromes [14, 15]. In conjunction with profound im-
munosuppression, this may suggest secondary
hemophagocytic lymphohistiocytosis (HLH), an entity also
associated with rtheumatic diseases such as systemic lupus
erythematosus and systemic onset juvenile idiopathic arthritis.
Emerging evidence suggests that a subset of patients (up to
one-fourth of patients in some instances) with severe COVID-
19 can have myocardial dysfunction or myocarditis [16, 17].
Anecdotal reports suggest benefit with intravenous immuno-
globulin with resolution of myocarditis and recovery of car-
diogenic shock by 3 weeks [18]. Similarly, patients with
COVID-19 have been found to have elevated D-dimer levels
and may be at greater risk of venous thromboembolism, al-
though this needs to be prospectively studied and validated in
the future [16, 17]. Table 1 summarizes the manifestations
associated with COVID-19 which may mimic rheumatic
syndromes.

Table 1  Manifestations associated with coronavirus disease 19
(COVID-19) mimicking rheumatic syndromes

1. Arthralgias and Myalgias

2. Cytopenias: leucopenia (predominantly lymphopenia);
thrombocytopenia

3. Acute interstitial pneumonia-like presentation

4. Myocarditis

5. Secondary hemophagocytic lymphohistiocytosis and cytokine storm

6. Possible greater risk of venous thromboembolism
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Potential drug targets for COVID-19

Various drugs are being investigated for their potential utility
in COVID-19. Improved understanding of molecular mecha-
nisms regulating infection with this virus and the subsequent
immune responses can pave the way for empirical approaches
and trials at this stage.

Molecular evidence suggests that SARS-CoV-2 utilizes
ACE2 receptor for cellular entry (Fig. 1). ACE2 is expressed
on numerous cells, including the epithelial cells of oral muco-
sa and surfactant-producing type 2 pneumocytes [19, 20].
Type 2 pneumocytes are targets in severe COVID-19 [19].
Presumably, ACE2 is more expressed in Asians than in
Whites or African Americans [19]. Likewise, patients with
hypertension and those treated with ACE inhibitors and an-
giotensin receptor blockers may have overly expressed ACE2,
inviting the virus into the lower airways and resulting in se-
vere COVID-19. In this regard, soluble recombinant human
ACE?2 protein may be a promising therapeutic agent in sub-
jects contracting the virus [19]. Also, angiotensin II receptor
antagonist losartan is postulated to exert a protective action
[19]. At this stage, it must be emphasized that current evidence
does not favour either addition or discontinuation of ACE
inhibitors or angiotensin receptor antagonists in patients with
COVID-19, as recommended presently by cardiology socie-
ties [16, 17]. From the rheumatologist’s perspective, there
exists a school of thought that the commonly used non-
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steroidal anti-inflammatory drug ibuprofen is believed to in-
crease the expression of ACE2 [6] and result in severe course
and complications in COVID-19 [21, 22]. Such a belief is
based on anecdotal reports, pointing to paracetamol as a safer
option for those in need of non-steroidal anti-inflammatory
therapy. While this is an evolving area of knowledge and
contradictory opinions are expressed in the published litera-
ture [21, 22], the authors opine that until clearer evidence
emerges, it may be prudent to rely on specific circumstances
and, if possible, avoid using ibuprofen during this pandemic.

Once the SARS-COV-2 enters the cell, it utilizes the cellu-
lar machinery to generate viral proteins and RNA, synthesize
and then secrete a mature virion. The maturation of the S spike
on the virion (conferring its infectivity) relies on the cellular
serine protease enzyme TMPRSS2. Hence, inhibitors of this
enzyme such as camostat mesylate may be useful [23].
Inhibitors of RNA polymerase such as remdesivir [24] and
favipiravir [25] and protease inhibitors lopinavir and ritonavir
[26] affect intracellular virion assembly, and there remains a
rationale to further evaluate these drugs in COVID-19 [27]. A
recent open-label, randomized, controlled trial evaluated the
role of lopinavir and ritonavir in 199 COVID-19 patients with
hypoxemia (99 treated with lopinavir/ritonavir and 100 with
standard of care). Those treated with lopinavir/rotinavir did
not demonstrate any significant benefit in hazard ratio for
earlier clinical improvement (1.24 [95%CI 0.9-1.72]) or re-
duction in mortality at 28 days (—5.8% [95%CI —17.3% to
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5.7%]). Secondary outcomes revealed that those patients treat-
ed with lopinavir/ritonavir demonstrated clinical improvement
1 day earlier than the control group in a modified intention-to-
treat analysis, as well as were discharged from the ICU a
median of 5 days earlier [28]. While the trial failed to meet
its primary objective, it possibly included patients with severe
disease alone, and future studies may consider evaluating the
role of lopinavir/ritonavir earlier in the course of COVID-19
[29]. Also, the potential for demonstrating a beneficial effect
with a larger sample size cannot be ruled out based on the
findings of this study. This drug may yet merit further evalu-
ation in clinical trials of COVID-19. Another recent small
open-label clinical trial compared favipiravir (35 patients)
with lopinavir/ritonavir (45 patients) on a background of in-
terferon alpha therapy in patients from China with milder
COVID-19 without hypoxemia or respiratory distress and
demonstrated earlier viral clearance in those on favipiravir.
Chest radiology showed better improvement in favipiravir-
treated patients than those treated with lopinavir/ritonavir at
day 14, but not at earlier time points [30].

The mature virion enters the endosome and interacts with
toll-like receptors (TLR) to stimulate downstream inflamma-
tory pathways; chloroquine and hydroxychloroquine use in-
terferes with endosomal acidification and inhibits such TLR
activation. These drugs also interfere with downstream in-
flammatory pathways and resultant cytokine production, as
well as dampen the inflammatory response via upregulation
of regulatory anti-inflammatory molecules [31-33]. A sys-
tematic review of available expert opinion pieces and 23 on-
going trials in China supported the notion that chloroquine
limits the replication of SARS-CoV-2 [34]. Preliminary re-
ports suggest that chloroquine and hydroxychloroquine are
probably equally beneficial in COVID-19 and that a loading
dose of the drug should be followed by a maintenance dose,
prescribed for a long period [35]. A recent clinical trial eval-
uated hydroxychloroquine (with or without azathioprine) ver-
sus placebo in severe COVID-19 and demonstrated potential
benefit for reducing viral replication. The trial reported out-
comes for 20 (out of 26 patients) who received active treat-
ment, compared to 16 controls who refused such active treat-
ment. The former group demonstrated negative PCR in 70%
at day 6 of treatment (versus 12.5% in the control group).
However, this trial had a limited sample size of 36 patients,
allocation to active treatment or control was not randomized,
only a small proportion of patients had severe disease (lower
respiratory tract infection) and clinical outcomes were not re-
ported for all patients. These considerations “potentially un-
dermine the quality of the study [36]. Also, concerns exist
regarding the potential for cardiac arrhythmias with chloro-
quine (and its analogs) as well as with azithromycin and pro-
tease inhibitors; hence, due care and careful monitoring for
cardiac arrhythmias are essential while using these drugs
alone or in combination [37]. Nevertheless, the rationale
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driving the potential benefits with hydroxychloroquine merits
its exploration as a therapeutic agent in COVID-19. Another
suggestion has been to provide prophylaxis with
hydroxychloroquine (400 mg twice daily for a day, followed
by 400 mg once a week for 7 weeks) for healthcare workers
dealing with COVID-19 as well as close contacts of these
patients, as recommended empirically recently by a national
society [38]. There exists a need to generate evidence regard-
ing the role of such prophylactic therapy in COVID-19. The
exact clinical scenarios where chloroquine or
hydroxychloroquine may be useful in COVID-19 remain to
be ascertained, unlike their use in rheumatic diseases where
their indications are widely understood [39].

Janus kinases (JAK) 1 and 2 are involved in inflammation,
and the enzyme AP-2-associated protein kinase 1 (AAKI)
plays a role in viral cellular entry. Based on information gen-
erated by bioinformatics analysis, baricitinib may help reduce
SARS-CoV-2 infection by inhibiting AAK1, and also possi-
bly dampening the resulting inflammation by JAK1/2 inhibi-
tion [40]. The resultant cytokine storm responsible for severe
COVID-19 and associated secondary HLH may respond to
immunosuppressive agents used for HLH such as tocilizumab
(IL-6 blockade) and anakinra (IL-1 blockade) [15]. A recent
pre-print retrospectively evaluated the use of a single dose of
intravenous tocilizumab 400 mg in 21 patients with COVID-
19 from China who either had respiratory distress, hypoxemia
or required intensive care support. Nineteen of these 21 pa-
tients demonstrated clinical improvement with discharge from
hospital by 2 weeks. The findings of this study need to be
cautiously interpreted in the context of small numbers, the
lack of a control group for comparison and background treat-
ment with antiviral therapies and corticosteroids [41].
Ongoing clinical trials are further evaluating the role of IL-6
blockade with tocilizumab and sarilumab in severe COVID-
19; the former drug is also approved in China for this indica-
tion [42, 43].

Cepharanthine, selamectine and mefloquine hydrochloride
are other drugs that have been demonstrated to be cytopathic
to viral cultures of SARS-CoV-2, but their precise mecha-
nisms of action are unclear [44]. Related clinical research
studies are warranted. Based on numerous studies of other
viruses [45, 46], it is reasonable to hypothesize that vitamins
C and D supplementation may boost immunity and help hu-
man organism fight COVID-19 and its aggressive effects on
all organ systems (Fig. 1). High-dose vitamin D supplemen-
tation may be considered for subjects with laboratory-
confirmed deficiency, particularly the elderly, obese, those
with dark skin and those individuals living at higher latitudes
[47]. Based on its protective effects in subjects at risk of
chronic diseases, including cancers, cardiovascular disease,
respiratory tract infections, diabetes mellitus and hyperten-
sion, experts hypothesize that vitamin D supplementation
and associated increase of serum 25-hydroxyvitamin D
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concentration above 50 ng/ml (125 nmol/l) may substantially
reduce the incidence and severity of various viral diseases,
including COVID-19 [48]. Arguably, there is little evidence
base for most of the potential drug therapies in COVID-19
(Table 2). More clinical trials and cohort studies are urgently
needed to evaluate the efficacy of preventive and curative
agents before evidence-based recommendations can be
drafted by professional societies.

Considerations for patients with rheumatic
diseases on immunosuppression

Glucocorticoids have an overall immunosuppressive ef-
fect, and these are often used in patients with inflamma-
tory and autoimmune diseases. While glucocorticoids are
also often prescribed in sepsis, available evidence does
not favor their use to ameliorate the deleterious effect of
lung inflammation caused by viral infections [49]. On
this basis, the authors opine that it may be cautiously
recommended to manage patients on long-term cortico-
steroid therapy by gradually tapering doses to 5-7.5 mg/
daily during this pandemic. It is also advisable to stick to
the recommendations of rheumatology societies, warning
against abrupt cessation of corticosteroid therapy. There
exists little evidence to guide the course of COVID-19 in
patients on immunosuppressive therapy. Until more data
emerges, it is considered prudent to continue any ongo-
ing immunosuppressive therapy. Such drugs (other than
glucocorticoids) are often discontinued during an episode
of infection, and it seems reasonable to pursue a similar
strategy for the time being even in the case of COVID-
19 infection (Table 3) [50-53].

Measures at a societal level and preparing
for future outbreaks

It is also important to implement restrictive measures at a
societal level to mitigate the spread of the virus. Emerging
evidence suggests that the virus spreads by droplets and fo-
mites [54]. Therefore, the importance of regular hand wash-
ing, sneeze and cough hygiene and the use of personal

Table 3 Summary of recommendations from rheumatology societies
(EULAR, ACR, BSR, ARA) for patients with rheumatic diseases
during coronavirus disease 19 (COVID-19) outbreak [50-53]

1. Practising sneeze/cough hygiene, regular hand washing, avoiding
touching the face, keeping away from crowded places, social
distancing, avoiding busy public transport and cancelling unnecessary
travel is recommended.

2. Use of a mask is recommended for those with suspected and confirmed
infection. In such instances, N95 respirators with appropriate fit to the
face are advisable.

3. Abrupt discontinuation of glucocorticoid therapy should be avoided,
even during active infection.

4. If patients are on disease-modifying antirheumatic drugs, including
biologics, small molecules, and other immunosuppressive agents,
standard practices may be followed to discontinue them should one
develop infection.

5. Routine face-to-face appointments should be delayed until the outbreak
settles. Both patients and healthcare personnel should consider
substituting face-to-face appointments with video appointments if
feasible.

6. Patients should be updated about appropriate flu and pneumococcal
vaccination practices.

ACR American College of Rheumatology, ARA Australian
Rheumatology Association, BSR British Society for Rheumatology,
FEULAR European League against Rheumatism

protective equipment for healthcare workers managing
COVID-19 patients are likely to help mitigate the spread of
this infection [50-53].

Many afflicted countries are now under lockdown or
have severe travel restrictions. This is an effort to break
the chain of transmission of the virus. Controlling the
infection by imposing severe restrictions on travel and
social contacts can be viewed as the main strategy, pri-
marily benefiting the elderly and those with chronic co-
morbid conditions [55]. Screening for the virus safely
and enforcing isolation of confirmed cases can also pre-
vent short- and long-term adverse outcomes of this pan-
demic [56]. However, an analysis of the transmission of
COVID-19 in China in January—February 2020 revealed
that 86% of subjects potentially contracted the virus from
patients with no or minimal symptoms, pointing to the
difficulties of containing the virus spread [57]. Recently,
the prolonged excretion of SARS-CoV-2 in feces for a
mean period of 4 weeks has been documented, which

Table 2 Potential drugs for

different phases of coronavirus Phase of disease

Drugs meriting exploration

disease 19 (COVID-19), whose
role will need to be evaluated in
future clinical trials

Early phase/pre-clinical phase
Viremic phase

Cytokine storm phase

Preventative strategies with chloroquine, hydroxychloroquine,
vitamin D, vitamin C.

Antiviral drugs (lopinavir/ritonavir, favipiravir, remdesivir),
chloroquine, hydroxychloroquine

Tocilizumab, sarilumab, baricitinib.
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further present difficulties in attempts to limit the com-
munity spread of disease [58]. These recent findings also
point to the urgent need to develop and experiment with
SARS-CoV-2 vaccines that may prevent further seasonal
outbreaks of the infection. Experts also proposed a hy-
pothesis that measles and rubella vaccines may generate
cross-resistance against SARS-CoV-2, which is based on
the observations that Chinese children vaccinated against
measles are less vulnerable to COVID-19 than the elder-
ly; these merit further exploration [59]. Given the dy-
namics of the influenza outbreaks in the early twentieth
century [60], it is possible to predict a temporary remis-
sion in the COVID-19 pandemic in the coming summer
months. High temperatures and heat waves are expected
to minimize virulence of SARS-CoV-2. Other factors
such as increased daytime hours and increased ultraviolet
exposure may also exert additive beneficial effects [61].

To sum up, rheumatologists should closely monitor
current COVID-19 pandemic, raise the global awareness
of the virus characteristics and its targets, and explore
strategies to minimize the incidence of severe cases.
While waiting for evidence-based recommendations, em-
pirical preventive measures should be implemented.
Relying on expert opinion and rapidly accumulating ev-
idence is currently the best way to avoid major mistakes.
Balanced and well-informed actions by all specialists and
the whole society are urgently needed. It is also impor-
tant to be aware of the ongoing postulates regarding po-
tential immune-mediated injury in severe COVID-19
akin to secondary HLH. In such situations, rheumatolo-
gists may be called upon to decide on appropriate immu-
nosuppressive strategies, and such decisions may need to
be taken on a case-to-case basis, in the face of limited
evidence to guide them.
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