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Abstract

COVID-19 has become a global concern. A large number of reports have explained the clinical characteristics and treatment
strategies of COVID-19, but the characteristics and treatment of COVID-19 patient with systemic lupus erythematosus (SLE) are
still unclear. Here, we report the clinical features and treatment of the first SLE patient with confirmed COVID-19 pneumonia.
This was a 39-year-old woman, diagnosed with SLE 15 years ago, whose overall clinical characteristics (symptoms, laboratory
tests, and chest CTs) were similar to those of the general COVID-19 patients. She continued to take the previous SLE drugs
(doses of glucocorticoids, hydroxychloroquine, and immunosuppressive agents were not reduced) and was treated with strict
antiviral and infection prevention treatment. After the first discharge, she got a recurrence of COVID-19 during her home
isolation, and then returned to hospital and continued the previous therapy. Finally, this long-term immune suppressive patient’s
COVID-19 was successfully cured. The successful recovery of this case has significant reference value for the future treatment of
COVID-19 patients with SLE.

Key Points

» COVID-19 patients with SLE is advocated to continue the medical treatment for SLE.

* Hydroxychloroquine may have potential benefits for COVID-19 patients with SLE.

» COVID-19 patients with SLE is prone to relapse, and multiple follow-ups are necessary.
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Introduction

Coronavirus disease 2019 (COVID-19), a newly emerged re-
spiratory disease caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), has recently become pandem-
ic. Up to May 5, 2020, more than 3.6 million cases have been
diagnosed in more than 200 countries, with a mortality rate of
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about 7% [1]. Unfortunately, these numbers continue to
increase.

Systemic lupus erythematosus (SLE) is a common autoim-
mune disease [2]. SLE patients have a reduced CD4*T lym-
phocytes count [3, 4], a decreased CD8T cell-mediated cyto-
toxicity, and an increased infection tendency [5].
Immunosuppressive agents and glucocorticoids are common-
ly used for SLE treatment [2, 6]. Therefore, the immune re-
sponse of SLE patients, especially T cell immune response,
was significantly suppressed. In addition, ACE2 is known to
be the main pathogenic receptor of SARS-CoV-2 virus, which
is sensitive to methylation, and ACE2 is undermethylated and
overexpressed on CD4™T cells of lupus patients [7]. Thus,
COVID-19 patients with SLE may be more susceptible to
SARS-CoV-2, and the severity of COVID-19 disecase may
increase. The clinical manifestations, treatment, and prognosis
of these patients may be different from those of general
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COVID-19 patients. Therefore, COVID-19 patients with SLE
are very worth paying attention to and researching. However,
none relevant reports have been found so far.

Here, we are the first to report the clinical manifestations,
treatment, and prognosis of one COVID-19 patient with SLE.
Our case report and intervention programs can provide refer-
ences and warnings for the treatment of other similar patients.

Case description

This patient was a 39-year-old woman who was diagnosed
with SLE in 2005. She received standard treatment with pred-
nisone and hydroxychloroquine, and her lupus condition was
relieved. In May 2018, due to lupus activity (showing as fever,
arthralgia, hematuria, decreased hemoglobin, and so on), treat-
ment with mycophenolate mofetil (MMF) (1.0 g, BID) started
to be added. From November 2018 up to now, the drugs for
her SLE were MMF (0.5 g, BID), prednisone (10 mg, QD),
and hydroxychloroquine (0.2 g, BID).

From Jan 21 to 25, 2020, the patient returned to Wuhan to
visit her relatives. After this visit, she developed dry cough
and fatigue on Feb 5 (the first day of illness). She did not pay
attention and did not seek for medical treatment. She devel-
oped fever on February 11 and her highest body temperature
was 37.6 °C. She rested at home without medical treatment
until she had difficulty breathing and sputum, with the maxi-
mum body temperature reaching 37.9 °C on Feb 14. As the
symptoms worsened, she went to the fever clinic of
Guangzhou Eighth People’s Hospital. These abnormalities
suggested that she may have COVID-19 pneumonia. We per-
formed reverse real-time polymerase chain reaction (PCR)
analysis on throat swab samples and the result of SARS-
CoV-2 RNA test was positive. Then, the patient was admitted
to the isolation ward on the same day.

The physical examination entering the isolation ward
revealed a body temperature of 37.9 °C, a blood pressure
of 126/80 mmHg, a pulse of 118 breaths per minute, and a
respiratory rate of 26 breaths per minute. Finger oxygen
monitoring showed that the oxygen saturation was 54%.
Oxygen was administered through a nasal catheter at the
rate of 2 L/min.

On the second morning of admission, the patient had a
body temperature of 37.3 °C, a pulse rate of 91 beats per
minute, and her blood gas analysis showed an oxygen
saturation of 59%, an oxygen partial pressure of
34 mmHg, a carbon dioxide partial pressure of
36.4 mmHg, and a pH value of 7.348. Oxygen was ad-
ministered at the rate of 3 L/min. The laboratory test re-
sults were as follows (Table 1). Blood routine showed a
decrease in white blood cells (3.11 x 10°/L) and lympho-
cyte (0.73 x 10°/L). Flow cytometry showed that the ab-
solute counts of CD45* lymphocytes (1144 cells/uL) and
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T helper lymphocytes (CD3" CD4") (387 cells/uL) both
decreased significantly. The patient’s symptoms and med-
ication information are shown in Fig. 1. The chest CTs on
February 15th showed multiple ground glass shadows and
stripe shadows in the lower lobe of both lungs, which was
consistent with viral pneumonia (Fig. 2a). The medica-
tions given to the patient included (i) therapeutic drugs
for SLE, maintaining previous drugs and dosage. (ii)
Antiviral treatment drug, lopinavir plus ritonavir tablets
(250 mg, BID). (iii) Drug for preventing secondary infec-
tions, moxifloxacin (0.4 g, QD, intravenous drip) (Fig. 1).

On Feb 16, the patient’s body temperature returned to nor-
mal, and shortness of breath and chest tightness were allevi-
ated than before. On Feb 20, the patient’s respiratory and
digestive symptoms resolved. Further, the three retests of
SARS-CoV-2 RNA by throat swabs were all negative on
Feb 20, Feb 22, and Feb 24 (Fig. 1), so the antiviral drugs
were stopped on Feb 25. The patient’s second chest CTs on
Feb 18 showed a larger range of ground glass shadows and
stripe shadows in both lungs (Fig. 2a). However, the two
retests of chest CTs on Feb 22 and Feb 25 showed that the
lesions of both lungs gradually reduced (Fig. 2a). In addition,
on Feb 235, the counts of white blood cells (4.81 x 10°/L) and
lymphocyte (1.29 x 10%/L) returned to normal level (Table 1);
flow cytometry analysis showed that the absolute counts of
CD45" lymphocytes (1250 cells/uL) and T helper lympho-
cytes (CD3* CD4") (424 cells/uL) both increased compared
with before (Table 1); the serum levels of inflammatory fac-
tors were normal (Table 1). The patient felt good, and after
stopping oxygen supplementation, her oxygen saturation val-
ue remains above 98%. Therefore, 1 day later (Feb 26), she
was discharged and was encouraged to maintain family isola-
tion for at least 14 days.

Unexpectedly, on the 8th day of her home isolation (Mar
5), she reappeared symptoms of dry cough, arthralgia, and
headache without fever. The reverse real-time PCR analysis
showed that her SARS-CoV-2 RNA was positive again,
with her chest CTs showing a small ground glass shadow
in the lower lobe of the right lung, but the lesion in the left
lung almost completely resolved (Fig. 2b). Obviously, the
patient had a recurrence of COVID-19. Then, she was ad-
mitted to the isolation ward again on the same day.

On the morning of Mar 6, the patient’s body tempera-
ture was 36.6 °C and the pulse rate was 87 beats per
minute. The results of laboratory tests are shown in
Table 1. The counts of blood leukocytes (4.99 x 10°/L)
and lymphocyte (1.16 x 10°/L) were normal. She was giv-
en the same SLE treatment and antiviral treatment as the
last admission (Fig. 1).

On Mar 7, her symptoms of dry cough, arthralgia, and
headache were relieved. And the retests of SARS-CoV-2
RNA for 3 consecutive days were all negative from Mar 7 to
Mar 9 (Fig. 1). Antiviral drug was stopped at Mar 9, and the
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Table 1

Clinical laboratory data

Laboratory data

Reference range

Baseline Feb 15 Re-examination Feb 25

Recurrence Mar 5 Follow-up Mar 23 Follow-up Apr 11

WBC (x 10°/L) 3.5-9.5 3.11 4.81
NEUT (x 10%/L) 1.8-6.3 2.08 3.01
NEUT (%) 40-75 66.90 62.6
LYM (x 10°L) 1.1-32 0.73 1.29
LYM (%) 20-50 235 26.8
MONO (x 10°/L) 0.1-0.6 0.29 0.47
MONO (%) 3-10 9.3 9.8
PLT (x 10°/L) 125-350 156 335
Hemoglobin (g/L) 115-150 96 81
Urine protein negative negative negative
Urine gravity 1.003-1.030 1.013 1.016
pO2 (mmHg) 83-108 34.0 101
sO2 (%) 92-98 58.9 98
pCO2 (mmHg) 35-45 36.4 342
K* (mmol/L) 3445 3.4 35
Na* (mmol/L) 136-146 143 144
Cl (mmol/L) 98-106 111 111
Ca (mmol/L) 2.11-2.52 2.09 2.02
D-dimer (mg/L) <1000 910

ALT (UL) 7-40 9.1 13.5
AST(U/L) 13-35 12.5 12
Albumin (g/L) 40-55 38.3 33.7
Creatinine (umol/L) 41-81 47.7 42.6
Urea nitrogen (mmol/L) 2.6-8.8 2.5 2.17
eGFR (mL/min/1.73 m?) >90 164.7 188.7
TNI (pg/L) <0.03 0.001 0.007
Myoglobin (pg/L) 14.3-65.8 13.9 11
CK-MB (U/L) 0.6-6.3 0.5 0.8
hs-CRP (mg/L) 7.36 <0.5
CRP (mg/L) <10 <10 <10
PCT (ng/mL) <0.05 > 0.05

CD45" (cells/uL) 1488-4483 1144 1250
CD3*CD45" (cells/uL) 955-2860 999 1129
CD3*CD45" (%) 50-84 87 90
CD3*CD4" (cells/uL) 550-1440 385 424
CD3*CD4" (%) 2661 34 34
CD3*CD8" (cells/uL) 320-1250 592 680
CD3*CDS8" (%) 15-44 52 54
CD3*CD4"CD8* (cells/uL) 7 8
CD3*CD4"CD8*/CD45" (%) 1 1
CD4*/CD8* (%) 1.2-2.0 0.65 0.62
IL-2 0-5.71 - 2.17
IL-4 0-2.80 - 1.61
IL-6 0-5.30 - 2.48
IL-10 0-4.91 - 1.76
TNF-« 0-2.31 - 1.24
IFN-y 0-7.42 - 0.27

4.99 4.76 4.57
3.26 3.01 2.72
65.4 63.2 594
1.16 1.18 1.36
23.2 24.8 29.8
0.51 0.5 0.42
10.2 10.5 9.2
127 134 308
83 84 99
negative negative negative
1.015 1.020 1.017
3.7 4.09 3.39
145 142 140
109 108 108
2.11 2.15 2.12
12.1 11 11.1
11.8 12.2 13.6
36.7 40.5 458
48.8 51.1 50.0
3.04 2.96 3.03
161.3 151.7 154
- - 5.0
<05 <05 0.0
<10 <10 <10
> 0.05

- - 1329
- - 1218
- - 92

- - 425
- - 32

- - 774
- - 58

- - 14

- - 1

- - 0.55
- - 2.49

Note: Values in italics were either above normal or below normal

WBC white blood cell, NEUT neutrophil, LYM lymphocyte, MONO monocyte, PLT platelet, ALT alanine aminotransferase, AST aspartate aminotrans-
ferase, eGFR estimated glomerular filtration rate, 7N/ troponin I, CK-MB creatine kinase-MB, CRP C-reactive protein, PCT procalcitonin, /L interleukin,
TNF tumor necrosis factor, /FN-y interferon-y

patient felt good and was discharged. The doctor encouraged
her to maintain home isolation for at least 14 days and recom-
mended her to follow-up. After 2 weeks of isolation, the pa-
tient returned to hospital twice for follow-up on Mar 23 and
Apr 11 (Fig. 1). Both re-examinations of SARS-CoV-2 RNA
were negative, and the latest chest CTs showed that the lesions
of both lungs almost completely resolved (Fig. 2¢). Now, she
is in good condition and has returned to work.

Discussion

Since SLE patients are more sensitive to SARS-CoV-2
virus than general population [5, 7], it is essential to
maintain the established treatment of lupus patients during
the COVID-19 pandemic to ensure the stable lupus con-
dition [8]. For such special patients, we need to carefully
weigh the relationship between SLE and COVID-19
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pneumonia and consider a two-pronged treatment plan.
For SLE, in order to reduce the susceptibility to SARS-
CoV-2 virus as well as to prevent the recurrence or activ-
ity of SLE, we continued to use anti-rtheumatic drugs and
did not stop immunosuppressive agents and glucocorti-
coids. For COVID-19, due to the lack of specific drugs
[9], we use antiviral drugs, infection prevention, oxygen
therapy, and other symptomatic supportive treatment to
relieve symptoms.

During the patient’s twice admissions for COVID-19 pneu-
monia, we continued her previous SLE treatment regimen and
did not reduce the dosage, which bring the following benefits:
(1) this drug formulation can control the condition of SLE and
prevent its recurrence or activity [6]; (ii) the anti-inflammatory
effect of glucocorticoids can reduce alveolar exudation [10],
and glucocorticoids is also the first-line drug to prevent and
alleviate cytokine storms [11], which may be the reason for
the patient’s inflammatory factors (IL-2, TNF-«, etc.) being at
normal levels (Table 1); (iii) in addition to being a traditional
drug for SLE [12], hydroxychloroquine has been reported to
be effective in inhibiting SARS-CoV-2 virus [13, 14], so
hydroxychloroquine may have a multiplier effect on
COVID-19 patients with SLE, which deserves high attention
and in-depth discussion.

Reports about the treatment of COVID-19 with
hydroxychloroquine were inconsistent. Previous studies
have shown that chloroquine phosphate had a wide range
of antiviral effects, including anti-coronavirus [14].
Chloroquine exerts its ability to inhibit viral replication
by reducing the terminal glycosylation of the ACE2

receptor and interfering with the combination of corona-
virus and ACE2 receptor [15-17]. A report found that
COVID-19 patients have the characteristics of rheumatic
diseases [18], such as arthralgia, acute interstitial pneumo-
nia, myocarditis, leukopenia, lymphopenia, thrombocyto-
penia, and cytokine storms, etc. Thus, anti-rheumatic
drugs (such as hydroxychloroquine) may be effective for
COVID-19. Recently, the Emergency Use Authorization
(EUA) has allowed the use of hydroxychloroquine to treat
COVID-19 hospitalized adults and adolescents when the
potential benefit outweighs the potential risk, but FDA
has not yet approved the use of hydroxychloroquine in
COVID-19 patients [19]. There were also reports that
thought there was no absolute data to support the effect
of hydroxychloroquine on COVID-19, instead, patients
may have to suffer from the side effects caused by it
[20]. More clinical studies are still needed to confirm
the effect of hydroxychloroquine in the future.
According to the recommendations of international rheu-
matologists, the use of anti-rheumatic drugs should not be
stopped or reduced during the COVID-19 epidemic
[21-24], and hydroxychloroquine is the optimal choice
[22]. For the case we reported, she has taken
hydroxychloroquine for 15 years without interruption
since she diagnosed with SLE in 2005, with no noticeable
side effects occurring. Therefore, it was necessary and
safe for her to continue to use hydroxychloroquine. In
addition, the potential benefits of hydroxychloroquine on
COVID-19 gave us more confidence and encouragement
to use hydroxychloroquine on this patient.

o Hospital Discharge Hospital Discharge
Arrival in I I A Home ’_ 1 A Home Follow
Wuhan Work r—Home— D1 D2 D3 D4 D5 D7 D9 D11 D12 D13 jsolation D1 D2 D3 D4 D5 isolation up
Day ofillness | -15to-11 [ 1-6 [ 7 [ 8 [ 9[10[ 11 [12[13[14 [16 [18] 20 21 ] 22] 23-29 [30 |31 [32 [33 | 34 35-49 68
Dry cough t t t t T
Fatigue
T T T T T T
Fever (°C) 3756 37.4 37.5 37.9 37.3 37.
} }
Shortness of breath o
Sore throat ' '
| | | |
Expectoration
| | i
f t f
Nausea
Arthralgia
Headache I
t t
Prednisone
t t f f f f f t t t t t f f t t f f t t t t |
Hydroxychloroquine
} —ttt bt : : |
Mycophenolate mofetil
} } } t } f } t } } } } t t
Lopinavir plus ritonavir tablets Lopinavir plus ritonavir tablets
t t f t t
Moxifloxacin
COVID-19 RNA + i Bl e + - i — (Mar 23) -
Chest CT x x x x x x (Mar 23) x
Feb 11 Feb 13 Feb 15 Feb 17 Feb 20 Feb 24 Feb 26 Mar 5 Mar 7 Mar 9 Apr 11
Feb 12 Feb 14 Feb 16 Feb 18 Feb 22 Feb 25 Feb 27 - Mar 4 Mar 6 Mar 8 Mar 10 - 23

Fig. 1 Timeline of disease course according to days from initial presentation of illness and days from hospital admission. + means SARS-CoV-2 RNA is
positive. — means SARS-CoV-2 RNA is negative. x means chest CT is done on that day
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Fig. 2 High-resolution computed
tomography images of twice
hospital admission and twice
follow-ups. a CTs after the first
hospital admission, multiple
ground glass density lesions were
observed in the lower lobe of the
bilateral lung. b CTs after the
recurrence of positive SARS-
CoV-2 RNA. ¢ CTs during
follow-up. The red arrows
indicate the lesions

Feb 15

Feb 18

Feb 22

Feb 25

Mar 5

Mar 23

Apr 11
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This patient had an interesting manifestation. We took her
peripheral blood for flow cytometry testing and found that the
results were slightly different from those of general COVID-
19 patients. Qin et al. found that CD4" T cells and CD8" T
cells in COVID-19 patients were lower than normal levels,
while the levels of CD4" T cells in critically ill patients were
lower [25]. Xu’s research showed that the counts of CD4* T
cells and CD8" T cells in the peripheral blood of COVID-19
patients were greatly reduced, but CD8" T cells had excessive
activation showing high cytotoxicity, which led to severe im-
mune injury [26]. In the multivariate analysis of Wang et al.,
the count of CD8" T cells and the ratio of CD4"/CD8* were
independent predictors of COVID-19’s disease severity and
treatment effect [27]. Our patient’s peripheral blood flow cy-
tometry at the time of the first admission showed that the
CD4" T cells were also significantly reduced, but unlike gen-
eral COVID-19 patients, her CD8" T cells were not lower than
the normal value, while its proportion somewhat rose
(Table 1). This phenomenon may be related to the fact that
SLE disease made the patient’s CD4™ T cells significantly
reduced, which indirectly leads to an increase in the propor-
tion of CD8" T cells [3, 4]. After treatment, the count and ratio
of CD8" T cells were continuously increasing, and the ratio of
CD4*/CD8" was decreasing (Table 1), which suggested that
her treatment effect and prognosis were good.

The main feature of this case was the recurrence of
COVID-19 during the home isolation after the first discharge,
with the pharyngeal swab detection of SARS-CoV-2 RNA
being positive again. We proposed several possible reasons
for her recurrence as follows: (i) long-term use of the gluco-
corticoid. Prednisone and the immunosuppressive agent
MMF weakened the patient’s immune system, which was
not conducive to the removal of the virus; (ii) depending on
the sample collection site, the operator’s experience, and ac-
tual viral load, false negative results may sometimes occur in
oropharyngeal or nasopharyngeal swab tests [28]; (iii)) SARS-
CoV-2 RNA in respiratory specimens may be persistent or
recurrently positive during the disease process; (iv) because
the viral receptor ACE2 is highly expressed in the lungs rather
than in the upper respiratory tract [29, 30], specimen test of the
bronchoalveolar lavage fluid (BALF) is considered more ac-
curate than oropharyngeal or nasopharyngeal swabs, but the
risk of exposure is higher; (v) this patient may accidentally
infect SARS-CoV-2 again after her first discharge.

After analysis, we thought this patient may have two con-
ditions when she discharged for the first time. One is the
patient reached the discharge standard, but the virus was tem-
porarily suppressed at a very low concentration, which was
difficult to be detected. During the home isolation, the virus
gradually replicated and was detected positive. The other is
the patient’s condition improved indeed at that time, but the
result of the virus RNA test was false negative, and the test
result during isolation was true. In either condition, we have
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reason to believe that SARS-CoV-2 virus in SLE patients is
difficult to be completely removed and prone to relapse. In
addition to COVID-19 patients, asymptomatic carriers and
patients in recovery may also be contagious. So, COVID-19
patients with SLE require more observation and testing than
general COVID-19 patients.

In conclusion, we are the first to report the clinical features,
treatment, and prognosis of one COVID-19 case with SLE.
This patient had comprehensive clinical manifestations of
SLE and COVID-19 [2, 31], but no other special symptoms
or abnormalities have been found. We continued her previous
SLE treatment strategy, combined with antiviral, anti-infec-
tive, and oxygen therapy to treat COVID-19 pneumonia, and
her disease quickly resolved. Notably, the patient had a recur-
rence after her first discharge from hospital and the viral RNA
detection became positive again. This suggests that there may
exist a window period of asymptomatic infection after the
discharge of COVID-19 patients with SLE, in which such
patients may spread the virus outward. Therefore, we strongly
recommend COVID-19 patients with SLE to be strictly
quarantined at home for more than 14 days after discharge
and then returned to hospital for follow-up and review at least
twice. Only multiple virus RNA tests are all negative and
chest CTs show a marked improvement in lung lesions, can
the patients be declared cured [32].

However, we also realized that only one successfully cured
case cannot define an effective treatment guideline for this
type of patients. The patient in our report recovered well,
which may also be related to her young age [33] and her fair
basic condition, with no other risk factors leading to severe
COVID-19 [34, 35], such as comorbidities (hypertension, di-
abetes, etc.) and ARDS. The treatments she received in hos-
pital helped the recovery of her disease, but it was difficult to
deduce treatment guidelines for other similar patients. In the
future, we need to collect a large number of COVID-19 cases
with SLE and accumulate more experience and data to opti-
mize the treatment strategy for such patients. At present, our
case report and treatments have at least played a role of refer-
ence and warning for other COVID-19 patients with SLE.
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