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Abstract

and finally recovered.

Immunosuppressive therapy, Case report

Background: The Coronavirus Disease 2019 (COVID-19) caused by severe acute respiratory syndrome Coronavirus-2
has spread rapidly worldwide and disease spread is currently increasing. Data on the clinical picture of transplant
recipients and management of the anti-rejection immunosuppressive therapy on COVID-19 infection are lacking.

Case presentation: We report two cases of COVID-19 infection in renal transplant recipients with variable clinical
presentations. The first patient presented with mild respiratory symptoms and a stable clinical course. The second
patient had more severe clinical characteristics and presented with severe pneumonia and multi-organ failure. Both
patients received a combination therapy including antiviral treatment and reduced immunosuppression therapy

Conclusions: We report COVID-19 infection in two renal transplant recipients with a favorable outcome but
different clinical courses, which may provide a reference value for treating such patients.
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Background

As of early-May 2020, Coronavirus Disease 2019
(COVID-19) caused by severe acute respiratory syn-
drome Coronavirus-2 (SARS-CoV-2) has expanded to
include over 3, 884,000 confirmed cases and over 272,
000 deaths, involving 176 countries around the world.
The COVID-19 outbreak is spreading worldwide and
has become a major international concern. On March
11, the World Health Organization (WHO) upgraded
the status of the COVID-19 outbreak from epidemic to
pandemic. Patients with COVID-19 may develop severe
symptoms of acute respiratory infection, particularly
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those with comorbid conditions tend to have a high
mortality rate [1].

Thus far, there are no specific therapeutic agents for
COVID-19, and supportive care is the mainstay of man-
agement strategies. Clinical trials evaluating potential
therapies, including remdesivir and chloroquine, are be-
ing conducted. Lopinavir and ritonavir are limited in
transplantation due to drug-drug interactions with cal-
cineurin inhibitors [2], and also have been found useless
according to a recent study [3].

To the best of our knowledge, reported case of trans-
plant recipient with COVID-19 is rare [4]. Data on the
clinical picture of transplant recipients and management
of the anti-rejection immunosuppressive therapy on
COVID-19 infection are lacking. We report two cases of
COVID-19 in renal transplant recipients with variable
clinical presentations.
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Case presentation

Case 1

A 57-year-old man who underwent a living-related kid-
ney transplant due to chronic glomerulonephritis in
2013, was admitted to Union hospital in Wuhan on Feb-
ruary 11, 2020, complaining of an unexplained fever (up
to a maximum of 39.2°C) for 6 days. This was followed
by cough, fatigue, nausea, and shortness of breath, while
no chest pain, diarrhea, or abdominal pain were present.
The patient had no history of smoking or alcohol abuse,
cardiovascular disease, or pulmonary disease. His im-
munosuppressive regimen consisted of tacrolimus 1.5
mg orally twice daily (trough serum levels 5 ng/mL ~ 8
ng/mL during the past year), and mycophenolate mofetil
0.75 g twice daily until 2 days prior to his visit. And there
was no acute rejection or augmented or adjusted on im-
munosuppression in recent 2 years prior to infection.
Two days ago, the patient went to the outpatient center
due to consistent fever and all his immunosuppressants
were discontinued as the doctor advised.

On admission, his chest computed tomography (CT)
scan showed multiple patchy ground-glass opacities in
the bilateral lungs (Fig. 1la). Laboratory testing revealed
an absolute lymphocyte count of 0.98 x 10°/L (normal
range, 1.1-3.2x 10°/L), serum creatinine 142 pmolL
(normal range, 59-104 umolL), and estimated glomeru-
lar filtration rate (eGFR) of 49.3 ml/min/1.73 m? (normal
range, > 90 ml/min/1.73 m?). A nasopharyngeal swab
specimen was obtained and sent for detection of SARS-
CoV-2 according to the CDC guidelines [5]. In brief,
throat-swab specimens from the upper respiratory tract
were obtained and maintained in a viral-transport
medium. SARS-CoV-2 was confirmed by real-time re-
verse transcription polymerase chain reaction (RT-PCR)
as previously reported [6]. Eight respiratory pathogens
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were tested using IgM and IgG antibody tests including
respiratory syncytial virus, influenza virus A, influenza
virus B, adenovirus, legionella pneumoniae, mycoplasma,
parainfluenza, and chlamydia. These negative results in-
dicated that no co-infection was present. The patient
was diagnosed with COVID-19 according to the positive
detection of SARS-CoV-2 and chest CT display.
Combination therapy was initiated with immunoglobin
(200 mg/kg/day), methylprednisolone (40 mg daily), re-
combinant human interferon-alpha 2b (10 million IU
daily), arbidol hydrochloride (0.6 g daily), and biapenem
(0.6 g daily), for 12 days, in order to inhibit virus replica-
tion and implement empirical antibiotic treatment. Four
days after admission, the alanine aminotransferase level
increased to 76 U/L (normal range, 0-40 U/L), and by
day 8 it had increased further to 93 U/L, which indicated
hepatic damage. Glutathione was then initiated by 1.8 g
intravenous injection daily for 9 days. Immunosuppres-
sion was resumed on day 2 after admission, including ta-
crolimus 1 mg twice daily, and mycophenolate mofetil
0.375 g twice daily (adjusted to 0.75 g twice daily on day
10). High-flow humidification oxygen administration
was used to prevent acute hypoxic respiratory failure.
During treatment, the patient’s symptoms resolved
with body temperature falling to between 36.3°C and
37.1°C, and his cough, nausea, and shortness of breath
disappeared. The laboratory results were also improved,
in particular, the lymphocyte count, serum creatinine,
eGFR, and alanine aminotransferase (Fig. 2). And the
kidney allograft function also improved during the
course of therapy. On day 4, the second chest CT scan
indicated that his pneumonia had aggravated (Fig. 1b).
On day 9, the third chest CT scan (Fig. 1c) showed sig-
nificant improvement of bilateral ground glass opacities
compared to the previous scans. Based on the persistent

Fig. 1 The chest computed tomography (CT) scan showed multiple patchy ground-glass opacities in superior lobe of bilateral lung and inferior
lobar of left lung on admission (a), aggravation (increased area of patchy ground-glass opacities) on day 4 (b), and significant improvement of
bilateral ground-glass opacities on day 9 (c)




Li et al. BMC Infectious Diseases (2020) 20:707

Page 3 of 8

1.80 -

1.60 -

1.40 A

Lymphocyte (x10°/L)

></

1.00 +

0.80

1.20 M
I 60.00

r 160.00
Lymphocyte

#=eGFR b 140.00

ALT
I 120.00

I 100.00

/ L 80.00

I 40.00

F 20.00

ALT (U/L) eGFR (ml/min/1.73m?) Serum creatinine (umol/L)

Day 1 Day 4

(ALT) initially increased and then decreased during treatment

Day 8
Illness Day

Fig. 2 The lymphocyte count and estimated glomerular filtration rate (eGFR) is continuously increasing. The level of alanine aminotransferase

0.00

Day 10 Day 13

negative results of SARS-CoV-2 RT-PCR on days 7 and
9, as well as the lung lesions partially decreased, the pa-
tient was discharged on day 13. To date, the patient has
been in good health at home for 4 months.

Case 2

A 55-year-old man, who underwent a renal transplant
from a deceased donor in 2013 due to chronic kidney
disease presented to the emergency department of
Tongji Hospital on February 13, 2020, complaining of
oliguria (<400 ml) and a cough for 10 days, and short-
ness of breath for 2 days. He did not complain of fever,
sore throat, or diarrhea. The patient had a history of sur-
gery for urinary tract obstruction due to kidney stones
and concomitant myocardial infarction in 2019. His im-
munosuppression was mycophenolate mofetil 0.5 g twice
daily, tacrolimus 2.5 mg twice daily (trough serum levels
5ng/mL ~ 10 ng/mL during the past year), and methyl-
prednisolone 8 mg once daily. And there was no acute
rejection or augmented or adjusted on immunosuppres-
sion in recent 6 months prior to infection.

On admission, the patient received a 7 L/min of oxy-
gen administration to maintain an oxygen saturation of
95%, with a blood pressure of 82/50 mmHg and a heart
rate of 99 bpm. His chest CT scan showed bilateral dif-
fuse ground-glass changes (Fig. 3a). Laboratory testing
revealed an absolute lymphocyte count of 0.31 x 10°/L,
serum creatinine 247 umolL, eGFR 24.4 ml/min/1.73 m?,
high-sensitivity troponin I (hsTNI) 312.8 pg/mL (normal
range, <34.2 pg/mL), and N-terminal pro-B-type natri-
uretic peptide (NT-proBNP) >70,000 pg/mL (normal
range, < 161 pg/mL). Nasopharyngeal swabs on admis-
sion were positive for SARS-CoV-2 RT-PCR. Then

veno-venous hemodialysis and hemofiltration therapy was
initiated. He developed arrhythmia (atrial fibrillation with
rapid ventricular rate) on day 3 and promptly received
synchronized cardioversion and noninvasive mechanical
ventilation with bi-level positive airway pressure therapy.
On day 5, the level of hsTNI increased to 1580.3 pg/mL
and the NT-proBNP level was > 70,000 pg/mL, which in-
dicated acute congestive heart failure. After diuresis, car-
diotonics, steroids, and respiratory support, the patient’s
clinical condition improved and he was transferred to the
general ward for infectious diseases.

The patient received treatment with immunoglobin
(300 mg/kg/day from day 6 to day 13 and adjusted to 75
mg/kg/day from day 14 to day 22), arbidol hydrochloride
(0.6 g daily from day 16 to day 22), recombinant human
interferon-alpha2 b (10 million IU daily from day 8 to
day 22), and antimicrobial therapy consisting of biape-
nem (0.6 g daily from day 14 to day 21) and micafungin
(50 mg daily from day 16 to day 22) according to the
clinical events. Antimicrobial doses were adjusted to the
patient’s creatinine clearance, and the immunosuppres-
sive regimen was adjusted to the clinical condition, in-
cluding CT scans, laboratory results, FK506 blood
concentration, and symptoms (Fig. 4). On day 14, due to
the persistent lymphocyte depletion and an abnormal ra-
tio of lymphocyte subsets, the dose of immunoglobin
was reduced to 75 mg/kg/day, and mycophenolate mofe-
til to 0.5 g daily. On day 16, mycophenolate mofetil was
discontinued and tacrolimus was reduced to 3 mg daily
due to the development of clinically suspected bacterial
and mycotic pneumonia (invasive pulmonary aspergil-
losis according to the positive result of serum galacto-
mannan test), and re-adjusted (mycophenolate mofetil
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Fig. 3 The chest computed tomography (CT) scan showed bilateral diffuse ground-glass changes and interstitial thickening on admission (a),
aggravation (with large patchy opacities, local consolidation and pleural incrassation or conglutination) on day 10 (b), partial decrease of multiple
patchy opacities on day 18 (c), and decrease of local consolidation on day 25 (d)
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0.5 g daily and tacrolimus 4 mg daily) on day 22 due to
the negative results of SARS-CoV-2 RT-PCR (Fig. 4).

During treatment, the patient’s symptoms resolved
and laboratory tests, including D-dimer, C-reactive pro-
tein (CRP), and interleukin 6 (IL-6), were improved sig-
nificantly with days, although the lymphocyte count did
not change significantly until the day of discharge
(Fig. 5a). And the results of serum creatinine and eGFR
were improved significantly, which indicated the kidney
allograft function also improved. However, when com-
paring the lymphocyte subsets, the percentages of CD3*
T cells, CD3"CD4" T cells (helper/inducer T cells), and
the ratio of CD3"CD4" T cells/CD3"CD8" T cells de-
creased with the clinical course of the disease, while the
percentage of CD3"CD8" T cells (suppressor/cytotoxic
T cells) and CD16"CD56" T cells (natural killer cells,
NK) increased with the clinical course of the disease
(Fig. 5b). On day 10, the second chest CT scan indicated
that his pneumonia aggravated with multiple patchy
opacities and local consolidation (Fig. 3b). On day 18,
the third chest CT scan showed significant improvement
of multiple patchy opacities (Fig. 3c). On day 25, the
fourth chest CT scan showed local consolidation de-
creased compared to the third scan (Fig. 3d). In addition,
the high flow oxygen administration was removed on
day 26. Given the remission of the disease, as well as the
persistent negative results of SARS-CoV-2 RT-PCR, the
patient was discharged on day 28. To date, the patient
has been in good health at home for 3 months.

Discussion and conclusions
Transplant recipients have a high susceptibility to viral
pneumonia, such as severe acute respiratory syndrome
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(SARS), Middle East respiratory syndrome (MERS), and
now COVID-19. Here, we report two cases of COVID-
19 in renal transplant recipients with variable clinical
presentations. Diagnosis was based on symptoms and
chest CT scan, and was confirmed by real-time RT-PCR
assays according to the Guidelines for the Diagnosis and
Treatment of Novel Coronavirus (2019-nCoV) Infection
(Trial Version 5) issued by the National Health Commis-
sion of the People’s Republic of China. The severity of
COVID-19 is classified as asymptomatic, mild, severe,
and critical cases of pneumonia (acute respiratory dis-
tress syndrome, sepsis, septic shock). In this report, the
first patient was a mild case, and the second patient was
a critical case.

In case 1, the patient had a stable clinical course. Al-
though his pneumonia was aggravated on day 4 and an
abnormal increase in serum creatinine and ALT indi-
cated kidney and liver injury on day 8, his symptoms
were relieved and the laboratory results improved after
treatment, which may be associated with the continuous
rise in lymphocyte count during treatment. We don’t
know if the activation of lymphocytes is due to the with-
drawal of immunosuppressive drugs for 3 days at the
early stage or just be part of the natural course of the
disease.

In case 2, the patient had more severe clinical charac-
teristics, presenting with severe pneumonia and multi-
organ failure. The patient’s heart failure was probably in
part related to the excess fluid volume caused by his
renal failure and myocardial infarction. Although there
is currently no evidence to suggest that viral tropism to
uroepithelial cells plays a role in causing acute renal fail-
ure in COVID-19, it has been confirmed as a cause of
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MERS CoV infection [7]. Secondary mixed bacterial-
fungal pneumonia was highly suspected on day 16 after
admission, and was accompanied by a positive result for
SARS-CoV-2 RT-PCR. Then we reduced the dosage of
anti-rejection medications. On day 22, the test was nega-
tive and the patient’s condition improved markedly,
which indicated that reduction of immunosuppression
may be helpful at that time.

In these two cases, we observed different profiles of
lymphocyte counts, which fluctuated below the normal
range in case 2 and continuously rose within the normal
range in case 1. Similarly, previous studies have sug-
gested that lymphocytopenia is a typical laboratory ab-
normality and considered disease severity related to
highly pathogenic coronavirus infections [8, 9]. As the
disease progressed and the clinical status deteriorated,
the levels of lymphocytes progressively decreased, which
may explain why the clinical course of the two patients
was so different [10]. In addition, kinetic changes in
lymphocyte subsets in case 2 showed that the percentage
of CD3"CD4" T cells decreased and the percentage of
CD3"CD8" T cells and NK cells increased as the disease
improved. When CD4* T cells are below 200 cells/mm?,
patients with lymphocyte depletion have increased sus-
ceptibility to fungal infections [11], as was observed on
day 16. Although dramatic loss of CD4" and CD8'T
cells in COVID-19 patients has been reported previ-
ously, it is unclear whether the increase in CD8" T cells
and NK cells were responsible for the recovery.

Inflammatory cytokine storm is another important char-
acteristic in patients with severe COVID-19, which can
rapidly cause severe immune damage to multiple organs
and can ultimately be life-threatening. In line with this, we
observed that the levels of D-dimer, CRP, and IL-6 were
elevated initially and then decreased significantly during
recovery, as evidenced by relieving pulmonary lesions on
chest CT scan in case 2. It is also supported by a previous
study that demonstrated that the decrease in IL-6 was
closely related to treatment effectiveness, while an increase
in IL-6 indicated disease exacerbation [12]. A cytokine
storm is directly or indirectly caused by SARS-CoV-2 in-
fection, which can activate pathogenic T cells and produce
IL-6 and granulocyte-macrophage colony stimulating fac-
tor (GM-CSF). Together, these changes further activate
CD14"CD16" inflammatory monocytes and produce more
IL-6 and other inflammatory factors [13]. We suggest that
IL-6 might be a valuable candidate for monitoring severe
type COVID-19.

Since literature on solid organ transplant recipients with
COVID-19 is accumulating rapidly, there are currently sev-
eral published case series and case reports, including kid-
ney, liver, heart and lung transplant recipients. The
majority of patients were male (82.5%), with an average age
of 58 years and receiving maintenance immunosuppression
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that included tacrolimus with mycophenolate and steroids
[14]. Recipients described were between 1 month and 22
years post-transplant. The most prominent symptoms were
fever (58-90%) and cough (53-90%), lymphopenia (67—
80%) and elevated CRP (49-100%) [15].

Although there are concerns that transplant recipients
may have a more severe clinical course due to their im-
munosuppression and high rate of comorbid conditions.
According to published reports, most of transplant recipi-
ents with COVID-19 presented with similar symptoms, la-
boratory values, imaging, and outcomes to those of
immunocompetent patients [16—20]. Review of the clinical
courses showed that most of the transplant patients were
managed successfully without progression of the disease.
However, some other studies revealed that transplant re-
cipients experienced more severe COVID-19 pneumonia
and a more difficult recovery than their infected family
members and those in the general population [21-23]. In
a case series of 12 patients with a history of kidney trans-
plantation in Iran [24], the fatality rate reached 67%, and
the author concluded the majority of the clinical features
in deceased cases were similar to those from other adult
studies for the general population.

Regarding treatment, the mainstay treatment for SARS-
CoV-2 infection remains supportive care. In transplant re-
cipient with long-term immunosuppression, a well balance
is needed to overcome the initial viral response and the
subsequent inflammatory response [25]. Although treat-
ment of SARS-CoV-2 infection among transplant recipi-
ents varied by studies, decreasing immunosuppression
and starting wide-spectrum antibiotics were the main
therapy for most of the patients. According to previous
studies [16, 18, 21, 23, 26],the majority of patients had re-
ceived antimetabolite therapy (53—-90%) (including remde-
sivir and lopinavir/ritonavir) and a smaller proportion had
decreased or ceased calcineurin inhibitor (18—70%). Other
therapies included hydroxychloroquine (86-91%), toci-
lizumab (6-16%), boosted protease inhibitors (50%) and
immunoglobin (3-70%). Another review of 40 cases
showed that mycophenolate was withdrawn in 90% of pa-
tients and calcineurin inhibitor in 72.2%. Steroids was
maintained in 26 (81.3%) and started in 7 patients. There
are 39 (97.5%) patients received antiviral therapy (includ-
ing lopinavir, oseltamivir, arbidol, darunavir, interferon
and nitazoxanide) and 32 (80%) patients received hydroxy-
chloroquine [14]. Although most cases received immuno-
suppression reduction, others studies reported patients
with immunosuppression maintained and recovered suc-
cessfully [27-29].

There is still controversy about the role of corticoste-
roids for management of COVID-19 pneumonia. In
MERS-CoV, corticosteroids was associated with pro-
longed viral clearance time. However, recent evidence
suggested a decrease in mortality in patients with acute
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respiratory distress syndrome when using corticosteroids
[30]. As corticosteroids suppress the overwhelming in-
flammation mediated by the hyperimmune response and
decrease alveolar exudation [31], the use of low to mod-
erate doses of corticosteroids (0.5-1 mg/kg/d for less
than 7 days) in select patients has been recommended by
the Chinese Thoracic Society [32]. Colchicine may also
alleviate this cytokine storm through a distinct pathway.
Gandolfini et al. [33] reported that the administration of
colchicine may reduce the exaggerated inflammatory re-
sponse in transplant recipients with COVID-19. It
should be noted that whatever medical treatments are
used, it is important to find a delicate balance that maxi-
mizes the benefits and minimizes the potential harm.

Due to the small number of patients, it remains un-
clear whether the natural history of COVID-19 is altered
in transplant recipients. And also, it is difficult to make
conclusions that whether the reduction of immunosup-
pressive regimen led to the activation of lymphocytes
and thus played a part during the course of the disease.

We report COVID-19 infection in two renal transplant
recipients with a favorable outcome but different clinical
courses, which may provide a reference value for treating
such patients.
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