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Abstract: The coronavirus disease 2019 (COVID-19) has be-
come a global pandemic, which is induced by infection of
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2). Patients with systemic lupus erythematosus (SLE)
are susceptible to infections due to the chronic use of im-
munosuppressive drugs and the autoimmune disorders.
Now we report a case of SLE infected with SARS-CoV-2,
influenza A virus and Mycoplasma pneumoniae concur-
rently. The patient used hydroxychloroquine and predni-
sone chronically to control the SLE. After infection of
SARS-CoV-2, she was given higher dose of prednisone
than before and the same dosage of hydroxychloroquine.
Besides, some empirical treatments such as antiviral, anti-
biotic and immunity regulating therapies were also given.
The patient finally recovered from COVID-19. This case in-
dicated that hydroxychloroquine may not be able to fully
protect SLE patient form SARS-CoV-2. Intravenous immuno-
globulin therapies and increased dose of corticosteroids

might be adoptable for patient with both COVID-19 and
SLE. Physicians should consider SARS-CoV-2 virus test
when SLE patient presented with suspected infection or
SLE flare under the epidemic of COVID-19.
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1 Introduction

The coronavirus disease 2019 (COVID-19) is induced by

infection of severe acute respiratory syndrome coronavirus

2 (SARS-CoV-2) and has become a global pandemic [1].
The most common symptoms were fever and dry cough.

Some patients presented with gastrointestinal symptoms

such as diarrhea. The most common imaging feature on

chest computed tomography (CT) was ground-glass opa-
city. Lymphopenia with or without leucopenia was the

most important laboratory finding [2,3]. Sepsis, acute re-
spiratory distress syndrome, acute cardiac injury, acute

kidney injury and secondary infections were common

complications in patients with poor outcomes [4].
Systemic lupus erythematosus (SLE) is an autoimmune

disease with multiple systematic damages and complex
clinical manifestations. SLE patients are more susceptible
to infections due to long-term use of immunosuppressive
drugs and its autoimmune disorders. Infection may exacer-
bate the activity of SLE, and it is also a major cause of death
among SLE patients accounting for 37.3% [5]. In circum-
stance of epidemic of COVID-19, SLE patients are at risk of
infection with SARS-CoV-2 [6]. The clinical characteristics
of lupus flare are similar to COVID-19, and coexist of these
two situations may be easily neglected.

Cases infected with SARS-CoV-2 and influenza viruses
concurrently had been reported, and the clinical courses
of these cases were similar to single infection with SARS-
CoV-2 [7]. Here, we report a female SLE patient with
chronic use of hydroxychloroquine infected with SARS-
CoV-2, influenza A virus and Mycoplasma pneumoniae
concurrently.
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2 Case presentation

Thepatient is a 65-year-oldwomanwithwell-controlled SLE.
Her long-term treatment for SLE is prednisone (10mgp.o.,
once daily) and hydroxychloroquine (0.2 g p.o., twice daily).
She lived 6miles away from Huanan Seafood Wholesale
Market where was the earliest epidemic focus of COVID-19
in Wuhan. She had neither been to the market nor closely
contacted with confirmed or suspected COVID-19 patients.

On January 22, 2020, the patient presented fever
(peak value: 39°C) with chills, rigor, muscular soreness
and fatigue. She coughed with small amount of white
sputum occasionally. Sometimes, she felt suffocated after
movements. The next day, she developed nausea, anor-
exia, heartburn and diarrhea (liquid stool, three times
per day). On January 25, she visited the clinic for the first
time and was given oral medicines (oseltamivir 75mg
twice daily, arbidol 0.3 g twice daily, moxifloxacin 0.4 g
once daily and Lianhuaqingwen capsules 1.4 g three times
daily). The dosage of prednisone and hydroxychloroquine
remained the same as her usually used.

After taking the aforementioned drugs for 7 days, the
patients’ symptoms did not improve and returned to the
clinic. The outpatient doctor took nasopharyngeal swabs
to test SARS-CoV-2 and influenza A virus by real-time
reverse transcription polymerase chain reaction (rRT-
PCR), both of which were positive. At the same time, her
thoracic CT showed bilateral patchy ground-glass opaci-
ties (according to the medical records, images not avail-
able). Hence, human immunoglobulin was given intrave-
nously (IVIg, 5 g once daily)with the aforementioned oral
medicines and increased dose of prednisone (25 mg once
daily) for 5 days since February 4. Intravenous immuno-
globulin is immunoglobulin G made from healthy human
plasma, and low dose of IVIg was used for nonspecific and
wide-spectrum antiviral and antibacterial therapies.

On February 8, the patient’ symptoms were relieved
partially, but the second thoracic CT showed pulmonary le-
sions extension (according to the medical records, images
not available). Laboratory tests found leucocytosis (11.09 ×
109/L), neutrophilic leucocytosis (9.46 × 109/L) and normal
lymphocyte count (1.33 × 109/L) (Table 1). Then, the patient
was admitted to fever ward of Sino-French New City Branch
of Tongji Hospital, a designated hospital for diagnosis and
treatment of COVID-19 in Wuhan.

Onadmission, thepatientpresentedwithmildcoughing.
Physical examination revealed that the conscious of the pa-
tient was clear, temperature was 37.1°C, blood pressure was
136/74mmHg,pulse ratewas77 beatsperminute, respiratory
rate was 18 breaths per minute and peripheral oxygen satu-
ration under oxygen inhalation (3 L/min) through nasal ca-
theter was 98%. The results of laboratory examinations were

presented in Table 1. White blood cell count, neutrophilic
granulocyte count and lymphocyte count were normal. Sev-
eral inflammatory indicators were high. Mild injuries of
kidney, myocardium, liver and coagulation function were
observed. M. pneumoniae infection was found by serology
(Figure 1). Glycosylatedhemoglobinwas7.1%,andpostpran-
dialbloodsugarwashigher than11.1mmol/L.Routine testsof
stool and urine samples were normal.

The patient was diagnosed of SLE combined with
COVID-19, influenza A,M. pneumoniae infection and dia-
betes mellitus. Prednisone (25 mg p.o., once daily) and
hydroxychloroquine (0.2 g p.o., twice daily) were given to
cover the concurrence of SLE and COVID-19. Pantoprazole
(40mg p.o., once daily)wasused to prevent gastricmucosal
injury caused by prednisone. Levofloxacin (0.5 g p.o., once
daily) was given to deal with bacterial and M. pneumoniae
infection. Then, acarbose (50mg before lunch and dinner
daily) was applied to control the blood glucose.

On the 6th day of hospitalization, the symptoms of the
patient eased. Thoracic CT (February 14, 2020) showedbilat-
eral ground-glass,patchyandcord-like shadows (Figure2a),
which was better than the second CT (February 8, 2020)
before admission (according to the medical records). On
the8thdayofhospitalization, some laboratoryexaminations
were retested, and most of which were improved (Table 1).
Dosage of prednisone was reduced to 15mg once daily as
pneumonia improved.

On day 15 of hospitalization, laboratory tests revealed
that most of the values were better than previous tests
(Table 1). Inflammatory indicators such as serum ferritin,
high-sensitivity C-reactive protein (hsCRP), erythrocyte
sedimentation rate (ESR) and interleukin-6 were lower.
Subgroup typing of lymphocytes represented elevation of
CD4+ T cells (1517/μL) and reduction of CD8+ T cell (252/
μL). The ratio of helper T cell versus suppressor T cell was
elevated (6.01). The thoracic CT (February 23, 2020) showed
a modest upturn in the lesions (Figure 2b). The dosage of
prednisone was then reduced to 10mg once daily as pneu-
monia improved. Nasopharyngeal swabswere collected for
rRT-PCR of SARS-CoV-2 on day 16 and 18, both of which
were negative. Two days later (day 20), the patient devel-
oped wrist pain, and loxoprofen (60mg p.o., twice daily)
was used to alleviate it.

On day 22 of hospitalization, no symptoms of the pa-
tient were observed. Laboratory findings (Table 1) and
thoracic CT (Figure 2c) indicated improvement relative to
last time. The rRT-PCR of SARS-CoV-2 of the third naso-
pharyngeal swab was still negative. Serum immunoglo-
bulin M (IgM) and immunoglobulin G (IgG) of SARS-
CoV-2 were 33.73 AU/mL (normal range: ≤10 AU/mL) and
198.77 AU/mL (normal range: ≤10 AU/mL), respectively.
Since the patient met the criteria of discharge (temperature
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came back to normal for over 3 days, respiratory symptoms
significantly improved, thoracic radiology showed obvious
improvement inacute exudative lesions andnegative results
of rRT-PCR of SARS-CoV-2 for two nasal pharyngeal swabs
over 24 h) [8], shewas discharged onMarch 4, 2020. She has
been in good health without any symptoms after discharge.

Ethical statements: This study was approved by the
Ethics Committee of Tongji hospital, Huazhong Univer-
sity of Science and Technology. All the materials of the
patient were anonymous and written informed consent
was waived by the ethics committee.

3 Discussion

SLE patients are predisposed to infections for long-term
immunosuppression, which is a major risk factor of death

[5]. Pathogens causing respiratory infection may worsen
the activity of SLE, while infection and lupus flare were
always easily confused. Since the SLE patient infected
with SARS-CoV-2, influenza A virus and M. pneumoniae,
her symptoms were mixed with all of them. But the symp-
toms of those diseases were similar to each other, and the
mixed symptoms of the patient here represented no big
difference from each single disease. This phenomenon
was also reported in a case of concurrence of SLE and
SARS, which was hard to differentiate between single
lupus pneumonitis and mixed diseases when sensitivity
of virus nucleic acid detection was not high [9]. Both
virus infection and lupus flare may represent fever, fa-
tigue, diarrhea, elevation of ESR and leucopenia. Lupus
pneumonitis, virus pneumonia and mycoplasma pneu-
monia could all showed pulmonary interstitial lesions
in radiology. Some biomarkers can help to differentiate
lupus activity from infection in SLE patients, such as CRP
>6mg/dL or procalcitonin >0.38 ng/mL [10]. In our case,

Table 1: Laboratory findings. The laboratory findings of the patient during hospitalization

Variables Normal range D0 D1 D8 D15 D18 D23
2/8 2/9 2/16 2/23 2/26 3/2

WBC count (×109/L) 3.50–9.50 11.09 8.03 12.17 11.1 11.77 10.7
LYM count (×109/L) 1.10–3.20 1.33 1.44 2.11 2.26 2.6 2.31
NGC count (×109/L) 1.80–6.30 9.46 5.83 9.12 7.68 7.96 7.15
RBC count (×109/L) 3.80–5.10 3.53 3.53 3.46 3.52 3.73
Hemoglobin (g/L) 115.0–150.0 99.0 103.0 100.0 101.0 106.0
Platelet count (×109/L) 125.0–350.0 289.0 389.0 447.0 261.0 244.0 246.0
IgA (g/L) 0.82–4.53 6.75 6.01 4.94
IgG (g/L) 7.51–15.60 20.40 14.70 12.90
C3 (g/L) 0.64–1.39 0.92 0.87 0.82
C4 (g/L) 0.16–0.38 0.22 0.18 0.23
Interleukin-6 (pg/mL) <7.00 24.95 7.12 7.25 10.67
TNF-α (pg/mL) <8.1 8.1 6.5 12.5 8.8
CD4+ T cell count (/μL) 550–1440 1,517 1,603
CD8+ T cell count (/μL) 320–1250 252 361
Th/Ts 0.71–2.78 6.01 4.45
Serum ferritin (×102 μg/L) 15–150 605.3 603.9 434.1 396.6 387
hsCRP (mg/L) <1 79.6 5.7 24.2 39.6
ESR (mm/H) 0.00–20.00 55 72 41 47 47
NT-proBNP (×102 pg/mL) <285 368 60
hsTnI (pg/mL) ≤15.6 7.2 9.4
D-dimer (μg/mL FEU) <0.5 0.65 0.48 0.39 0.38 0.38
Fibrinogen (g/L) 2.00–4.00 6.37 4.28 3.36 4.42 5.02
ALT (U/L) ≤33 60 43 34 30 31
Creatinine (μmol/L) 45–84 66 76 77 70 82
eGFR (mL/min/1.73 m2) >90 79.6 71.1 70 78.6 64.9
Glycosylated hemoglobin (%) 4.0–6.0 7.1

Abbreviations: WBC, white blood cells; LYM, lymphocyte; NGC, neutrophilic granulocyte; RBC, red blood cells; IgA, immunoglobin A; IgG,
immunoglobin G; TNF-α, tumor necrosis factor α; Th/Ts, helper T cell vs suppressor T cell; hsCRP, high-sensitivity C-reactive protein; ESR,
erythrocyte sedimentation rate; NT-proBNP, amino-terminal pro-brain natriuretic peptide; hs-TnI, high-sensitivity cardiac troponin I; ALT,
alanine aminotransferase; eGFR, estimated glomerular filtration rate.
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elevation of white blood cell count and hsCRP may
help to identify infections. rRT-PCR of SARS-CoV-2 and
influenza viruses was the most important means to con-
firm virus infections although the sensitivity may not be
satisfied. Serology may be false positive, which was due
to the cross-reaction of virus antigens and autoantibodies
[11]. Most of the laboratory findings of this patient re-
vealed no severe systematic damages except the respira-
tory system. Her wrist pain developed in the last few days
of hospitalization may indicate lupus flare, which was
controllable and may be induced by infection. Mathian
et al. reported 17 patients with both COVID-19 and SLE
(under long-term treatment with hydroxychloroquine).
The severe forms of these patients did not seem much
different from other COVID-19 cases [6].

So far there are no confirmed effective and widely ac-
cepted prophylactic or therapeutic medicines for COVID-19,
and most of the treatments were symptomatic and suppor-
tive therapies. Chloroquine and hydroxychloroquine are
antimalarial agents and are recommended to long-term
controlling of SLE activity and had been widely used in
clinic for many years. Hydroxychloroquine is a less toxic
derivative of chloroquine and had been the first choice of
SLE therapy. It was reported that both chloroquine and
hydroxychloroquine could inhibit SARS-CoV-2 infection in
vitro by blocking the entry stage and post-entry stages of
virus invasion [12]. Some study revealed that hydroxy-
chloroquine was more potent than chloroquine to inhibit

SARS-CoV-2 in vitro [13]. A study based on bioinformatics
suggested that chloroquine and hydroxychloroquine may
antagonize SARS-CoV-2 by blocking the binding of viral S
protein to gangliosides on the host cell surface [14]. Con-
sidering the antiviral activity and anti-inflammatory effects
of chloroquine and hydroxychloroquine, they were given
high expectations [15]. However, a recent cytological study
proposed that chloroquine cannot inhibit SARS-CoV-2 entry
into lung cells [16]. Maisonnasse et al. established a non-
human primate model to evaluate the clinical effects of
hydroxychloroquine. They found that hydroxychloroquine
had neither antiviral activity nor clinical efficacy, regardless
of the timing of treatment initiation [17]. The RECOVERY
Collaborative Group reported the preliminary results from a
multi-center, randomized, controlled trial of using hydro-
xychloroquine in hospitalized patients with COVID-19. They
found that COVID-19 patients cannot benefit from hydroxy-
chloroquine treatment [18]. The patient in our report re-
ceived hydroxychloroquine chronically but still infected
with SARS-CoV-2, which may not support the prophylactic
ability of hydroxychloroquine. The study of 17 patients with
both COVID-19 and SLE (under long-term treatment with
hydroxychloroquine) by Mathian et al. did not support the
prevention or severity alleviation effect of hydroxychloro-
quine [6].

Corticosteroids are routine medicine for SLE long-
term controlling, which could suppress the inflammatory

Onset Clinic Clinic Discharge

Day of hosiptalizaiton D0 D1 D2-5 D6 D7 D8 D9-
14 D15 D16 D17 D18 D19-

21 D22 D23-
24 D25

Day of illness 1 2-3 4 5-10 12 13 14-17 18 19 20-23 24 25 26 27-32 33 34 35 36 37-39 40 41-42 44
Prednisone 10mg 25mg 15mg 10mg

Hydroxychloroquine

Oseltamivir

Arbidol

Moxifloxacin

Levofloxacin

Lianhuaqingwen capsules

IVIg

Pantoprazole

Acarbose

Oxygen inhalation

Thoracic CT X X X X X

SARS-CoV-2 RNA

Influenza A virus RNA

Mycoplasma pneumoniae IgM

Date 1/22 1/23-
1/24 1/25 1/26-

1/31 2/1 2/2 2/3 2/4-
2/7 2/8 2/9 2/10-

2/13 2/14 2/15 2/16 2/17-
2/22 2/23 2/24 2/25 2/26 2/27-

2/29 3/1 3/2-
3/3 3/4

11

HosiptalizaitonFever
clinic

Figure 1: Treatments, radiology and pathogen findings according to day of illness and day of hospitalization. Symbols: X, CT conducted;
+, positive result; −, negative result. Abbreviations: IVIg, intravenous immunoglobulin; CT, computed tomography; SARS-CoV-2, severe
acute respiratory syndrome coronavirus 2; IgM, immunoglobulin M.
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and autoimmune activities. Corticosteroids could also
increase the risk of infection, and some researchers
proposed gradually tapering doses to 5–7.5 mg per day
during this pandemic for patients on long-term corticos-
teroid therapy [19]. Our case received short-time elevated
dose of prednisone (peak dosage 25 mg) after infection of
SARS-CoV-2 and influenza A virus. Her pneumonia im-
proved gradually under the elevated dosage of corticos-
teroid therapy. It may indicate that carefully increasing
the dosage of corticosteroid for patient with both SLE and
COVID-19 could be an option when treating severe pneu-
monia. More evidences need to be accumulated. Some im-
mune therapies might have protected effects against SARS-

CoV-2, including some other pathogen vaccines (potential
cross-resistance to SARS-CoV-2), IVIg and convalescent
serum [20]. High dose of IVIg could be shortly used to
control severe autoimmune inflammatory rheumatic dis-
eases by blocking Fc-gamma receptors and neutralizing
inflammatory cytokines [20]. In our case, IVIg was used
for its wide spectrum antiviral and antibacterial functions.
It was reported that patients with severe SARS-CoV-2 infec-
tion had high risks of thrombosis, and higher anticoagula-
tion targets should be considered [21]. Themargin of benefit
(preventing thrombotic events) and risk (bleeding) for an-
ticoagulant and antiplatelet may be narrow, and the utili-
zation of these therapies should be careful and based on

Figure 2: Thoracic CT images. (a) Thoracic CT of day 6 of hospitalization showed bilateral ground-glass, patchy and cord-like shadows.
(b) Thoracic CT of day 15 of hospitalization showed that pulmonary infiltration was partly absorbed. (c) Thoracic CT of day 22 of hospita-
lization showed that pulmonary infiltration was absorbed obviously.
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clinical scenarios [22]. The blood D-dimer and fibrinogen of
our reported patient were once slightly elevated and gradu-
ally came back to normal. Since no evidence of high risk of
coagulation was observed, she was not given anticoagulant
and antiplatelet therapies.

SARS-CoV-2 causes an inflammatory cytokine storm
in patients, which may lead to acute respiratory distress
syndrome or extrapulmonary multiple-organ failure [23].
Both corticosteroids and hydroxychloroquine could sup-
press inflammatory conditions. Hydroxychloroquine could
inhibit production of various proinflammatory cytokines
[24]. Interleukin-6 of the patient here was high on admis-
sion and reduced gradually, while most of other tested cy-
tokines were normal. The attack on lungwasmassive, while
the damages to other organs were mild. It is reported that
CD4+ T cell count was lower in severe COVID-19 patients
[25]. Higher CD4+ T lymphocyte count was correlated with
shorter time of detoxification for feces of COVID-19 patients
[26]. CD4+ T cell count of the patient here was high, which
may help to explain the rapid clearance of SARS-CoV-2.
Lymphopenia is a risk factor of death in COVID-19 patients
[4], and the lymphocyte count of this case was normal
during the whole course. These may explain the survival
of the patient.

In summary, we report an older patient with concur-
rent COVID-19, SLE, diabetes mellitus and multiple infec-
tions, who finally recovered from the COVID-19.This case
indicated that hydroxychloroquine may not be able to
fully protect SLE patient form SARS-CoV-2. IVIg therapies
and increased dose of corticosteroids might be adoptable
for patient with both COVID-19 and SLE. Physicians
should consider SARS-CoV-2 virus test when SLE patient
presented with suspected infection or SLE flare under the
epidemic of COVID-19. The experience of only one case
cannot be extrapolated, and more observations of such
cases and further investigations are needed in the future.

Abbreviations

COVID-19 coronavirus disease 2019
SARS-CoV-2 severe acute respiratory syndrome coro-

navirus 2
SLE systemic lupus erythematosus
CT computed tomography
rRT-PCR real-time reverse transcription poly-

merase chain reaction
IVIg intravenous immunoglobulin
hsCRP high-sensitivity C-reactive protein
ESR erythrocyte sedimentation rate

IgM immunoglobulin M
IgG immunoglobulin G

Acknowledgments: The authors thank the patient who
participated in this study and all physicians in the rele-
vant departments.

Author contributions: Concept and design: Ruoqi Ning,
Haiying Sun, Xiaofang Luo. Data collection: Ruoqi Ning,
Chong Yu, Silu Meng, Fangxu Tang. Analysis and inter-
pretation of data: Haiying Sun, Xiaofang Luo, Ruoqi
Ning, Dong Xu. Manuscript preparation: all authors.

Conflict of interest: The authors state no conflicts of
interest.

Funding: None.

References

[1] WHO. Coronavirus disease (COVID-19) Pandemic. World Health
Organization; 2020 [cited 2020 June 10]. Available from:
https://www.who.int/emergencies/diseases/novel-
coronavirus-2019.

[2] Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, et al. Clinical
characteristics of coronavirus disease 2019 in China. N Engl J
Med. 2020;382:1708–20. doi: 10.1056/NEJMoa2002032.

[3] Ruan Q, Yang K, Wang W, Jiang L, Song J. Clinical predictors of
mortality due to COVID-19 based on an analysis of data of 150
patients from Wuhan, China. Intensive Care Med.
2020;46:846–8. doi: 10.1007/s00134-020-05991-x.

[4] Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course and
risk factors for mortality of adult inpatients with COVID-19 in
Wuhan, China: a retrospective cohort study. Lancet.
2020;395(10229):1054–62. doi: 10.1016/S0140-6736(20)
30566-3.

[5] Fei Y, Shi X, Gan F, Li X, Zhang W, Li M, et al. Death causes and
pathogens analysis of systemic lupus erythematosus during
the past 26 years. Clin Rheumatol. 2014;33(1):57–63. doi:
10.1007/s10067-013-2383-3.

[6] Mathian A, Mahevas M, Rohmer J, Roumier M, Cohen-Aubart F,
Amador-Borrero B, et al. Clinical course of coronavirus disease
2019 (COVID-19) in a series of 17 patients with systemic lupus
erythematosus under long-term treatment with hydroxychlor-
oquine. Ann Rheum Dis. 2020;79(6):837–9. doi: 10.1136/an-
nrheumdis-2020-217566.

[7] Ding Q, Lu P, Fan Y, Xia Y, Liu M. The clinical characteristics of
pneumonia patients co-infected with 2019 novel coronavirus
and influenza virus in Wuhan, China. J Med Virol.
2020;92:1549–55. doi: 10.1002/jmv.25781.

[8] National Health Commission of People’s Republic of China.
Diagnosis and Treatment Guideline for COVID-19. 6th edn.
2020 [cited 2020 August 21]. Available from: http://www.nhc.

A case of SLE with COVID-19 and multiple infections  1059

https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
http://www.nhc.gov.cn/yzygj/s7653p/202002/8334a8326dd94d329df351d7da8aefc2.shtml


gov.cn/yzygj/s7653p/202002/
8334a8326dd94d329df351d7da8aefc2.shtml.

[9] Mok CC, Ying KY. Lupus pneumonitis or severe acute respira-
tory syndrome? Lupus. 2004;13(7):549–53. doi: 10.1191/
0961203304lu1044cr.

[10] Ospina FE, Echeverri A, Zambrano D, Suso JP, Martinez-Blanco J,
Canas CA, et al. Distinguishing infections vs. flares in
patients with systemic lupus erythematosus. Rheumatology.
2017;56(Suppl 1):i46–i54. doi: 10.1093/rheumatology/
kew340.

[11] Wang Y, Sun S, Shen H, Jiang L, Zhang M, Xiao D, et al. Cross-
reaction of SARS-CoV antigen with autoantibodies in
autoimmune diseases. Cell Mol Immunol. 2004;1(4):
304–7.

[12] Liu J, Cao R, Xu M, Wang X, Zhang H, Hu H, et al.
Hydroxychloroquine, a less toxic derivative of chloroquine, is
effective in inhibiting SARS-CoV-2 infection in vitro. Cell
Discov. 2020;6:16. doi: 10.1038/s41421-020-0156-0.

[13] Yao X, Ye F, Zhang M, Cui C, Huang B, Niu P, et al. In vitro
antiviral activity and projection of optimized dosing design of
hydroxychloroquine for the treatment of severe acute re-
spiratory syndrome coronavirus 2 (SARS-CoV-2). Clin Infect
Dis. 2020;71:732–9. doi: 10.1093/cid/ciaa237.

[14] Fantini J, Di Scala C, Chahinian H, Yahi N. Structural and mo-
lecular modelling studies reveal a new mechanism of action of
chloroquine and hydroxychloroquine against SARS-CoV-2 in-
fection. Int J Antimicrob Agents. 2020;55:105960. doi: 10.1016/
j.ijantimicag.2020.105960.

[15] Heldwein FL, Calado A. Does hydroxychloroquine prevent the
transmission of covid-19? Ann Rheum Dis. 2020;79:e62. doi:
10.1136/annrheumdis-2020-217501.

[16] Hoffmann M, Mosbauer K, Hofmann-Winkler H, Kaul A, Kleine-
Weber H, Kruger N, et al. Chloroquine does not inhibit infection
of human lung cells with SARS-CoV-2. Nature.
2020;585:588–90. doi: 10.1038/s41586-020-2575-3.

[17] Maisonnasse P, Guedj J, Contreras V, Behillil S, Solas C,
Marlin R, et al. Hydroxychloroquine use against SARS-CoV-2
infection in non-human primates. Nature. 2020;585:584–7.
doi: 10.1038/s41586-020-2558-4.

[18] Horby P, Mafham M, Linsell L, Bel JL, Staplin N, Emberson JR,
et al.Effect of Hydroxychloroquine in Hospitalized
Patients with COVID-19: Preliminary results from a multi-
centre, randomized, controlled trial. medRevix: 20151852v1
[preprint]. 2020 [cited 2020 August 21]. Available from:
https://www.medrxiv.org/content/10.1101/2020.07.15.
20151852v1.

[19] Misra DP, Agarwal V, Gasparyan AY, Zimba O Rheumatologists’
perspective on coronavirus disease 19 (COVID-19) and poten-
tial therapeutic targets. Clin Rheumatol. 2020;39(7):2055–62.
doi: 10.1007/s10067-020-05073-9.

[20] Gasparyan AY, Misra DP, Yessirkepov M, Zimba O Perspectives
of immune therapy in coronavirus disease 2019. J Korean Med
Sci. 2020;35(18):e176. doi: 10.3346/jkms.2020.35.e176.

[21] Helms J, Tacquard C, Severac F, Leonard-Lorant I, Ohana M,
Delabranche X, et al. High risk of thrombosis in patients with
severe SARS-CoV-2 infection: a multicenter prospective cohort
study. Intensive Care Med. 2020;46(6):1089–98. doi:
10.1007/s00134-020-06062-x.

[22] Watson RA, Johnson DM, Dharia RN, Merli GJ, Doherty JU. Anti-
coagulant and anti-platelet therapy in the COVID-19 patient: a
best practices quality initiative across a large health system.
Hosp Pract. 1995;2020:1–11. doi: 10.1080/
21548331.2020.1772639.

[23] Ye Q, Wang B, Mao J. The pathogenesis and treatment of the
‘Cytokine Storm’ in COVID-19. J Infect. 2020;80:607–13. doi:
10.1016/j.jinf.2020.03.037.

[24] Schrezenmeier E, Dorner T. Mechanisms of action of hydro-
xychloroquine and chloroquine: implications for rheuma-
tology. Nat Rev Rheumatol. 2020;16(3):155–66. doi: 10.1038/
s41584-020-0372-x.

[25] Qin C, Zhou L, Hu Z, Zhang S, Yang S, Tao Y, et al.
Dysregulation of immune response in patients with COVID-19
in Wuhan, China. Clin Infect Dis. 2020;71:762–8. doi: 10.1093/
cid/ciaa248.

[26] Ling Y, Xu SB, Lin YX, Tian D, Zhu ZQ, Dai FH, et al. Persistence
and clearance of viral RNA in 2019 novel coronavirus disease
rehabilitation patients. Chin Med J (Engl). 2020;133(9):1039–43.
doi: 10.1097/CM9.0000000000000774.

1060  Ruoqi Ning et al.

http://www.nhc.gov.cn/yzygj/s7653p/202002/8334a8326dd94d329df351d7da8aefc2.shtml
http://www.nhc.gov.cn/yzygj/s7653p/202002/8334a8326dd94d329df351d7da8aefc2.shtml
https://www.medrxiv.org/content/10.1101/2020.07.15.20151852v1
https://www.medrxiv.org/content/10.1101/2020.07.15.20151852v1

	1 Introduction
	2 Case presentation
	3 Discussion
	Abbreviations
	Acknowledgments
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU <FEFF0056006500720073006900740061002000410064006f00620065002000440069007300740069006c006c00650072002000530065007400740069006e0067007300200066006f0072002000410064006f006200650020004100630072006f006200610074002000760036>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


