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Abstract

The outcomes of COVID-19 in kidney transplant recipients have shown high mortality. In addition to their immunocom-
promised states, kidney transplant recipients frequently have certain exacerbation risk comorbidities of COVID-19, such
as diabetes mellitus, hypertension, and chronic kidney disease. Several concomitant diseases develop during the course of
COVID-19, one of which is thromboembolism, which can potentially lead to a critical condition. However, thromboem-
bolic complications in kidney transplant recipients with COVID-19 have not been fully addressed in previous studies. A
62-year-old man, who underwent kidney transplantation 17 years ago, was diagnosed with COVID-19 and was admitted to
our hospital. Although the patient was in remission at the start of the hospitalization, his condition became severe on day 7
after admission, with fever, elevated white blood cell counts (10,000/pL) and a high C-reactive protein level (6.9 mg/dL).
Although the patient was not under forced bed rest, an ultrasound study on day 10 detected deep venous thrombosis (DVT),
with an elevated D-dimer level (6.2 pg/dL). We withdrew the mycophenolate mofetyl and the tacrolimus dosage but did
not administer any specific treatment for COVID-19. The patient achieved successful clearance of SARS-CoV-2 on day
16. The DVT disappeared after systematic heparin treatment and oral rivaroxaban for 2 months. DVT occurred in a kidney
transplant recipient with COVID-19 who was not bedridden and might manifest when the clinical status was exacerbated
during hospitalization.
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Abbreviations Background
COVID-19 Coronavirus disease 2019
SARS-CoV-2 Severe acute respiratory syndrome corona-  The novel coronavirus disease 2019 (COVID-19) has rap-

virus 2 idly spread globally, and its clinical features have gradually
DVT Deep vein thrombosis been elucidated through numerous reports from all over the
TacER Extended-release tacrolimus world [1-3]. A recent study of 72,314 patients in China with
WBC White blood cells mild to severe symptoms reported an overall mortality rate
CRP C-reactive protein of 2.3% [1]. Another study from Wuhan (China) reported a
GGO Ground-glass opacity mortality rate after hospitalization of 4.3% [2]. However,
APTT Activated partial thromboplastin time solid organ transplant recipients and immunocompromised
DOACs Direct oral anticoagulants patients have much more severe conditions and are thought

to be at increased risk of severe outcomes from COVID-19.

Hypertension, diabetes mellitus, and chronic kidney

disease have been reported as exacerbation risk factors

for COVID-19 [4], and these comorbidities are frequently

present in kidney transplant recipients compared with the

54 Kazunobu Shinoda general population [5, 6]. Kidney transplant recipients with
kshino49 @yahoo.co.jp COVID-19 can therefore potentially develop severe condi-
tions compared with COVID-19 patients with no comorbidi-
ties. A recent systematic review suggested that COVID-19
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has resulted in severe outcomes for kidney transplant recipi-
ents. Approximately 30% of hospitalized COVID-19 kidney
transplant recipients required care in intensive care units,
and 45% of hospitalized kidney transplant recipients devel-
oped acute respiratory distress syndrome [7]. More recent
reports have suggested that the mortality rate of hospitalized
kidney transplant recipients is approximately 30% [8, 9].

The unique feature of COVID-19 is that infected patients
experience a variety of concomitant symptoms other than
those related to pneumonia, such as dysgeusia, conjuncti-
vitis, and gastrointestinal symptoms [10-12]. One of these
concomitant diseases is thromboembolism, which some-
times leads to critical conditions [13]. Although a substan-
tial number of incidents related to deep vein thrombosis
(DVT) have been reported among the general population
with COVID-19 [14], DVT in COVID-19 kidney transplant
recipients has not been fully addressed. There have been
few reports on thromboembolic complications, not includ-
ing DVT, in organ transplant recipients [15, 16]. Herein,
we experienced a kidney transplant recipient with DVT that
developed after hospitalization and reported the clinical time
courses in this patient.

Case presentation

A 62-year-old man with end-stage renal disease due to IgA
nephropathy received a living-related kidney transplant from
his father 17 years earlier. His immunosuppression therapy
has included extended-release tacrolimus (TacER, 1 mg
daily), mycophenolate mofetil (MMF, 1500 mg daily), and
methylprednisolone (4 mg daily). He had not experienced
any rejection episodes, and his serum creatinine levels were
stable (1.6—1.8 mg/dL). After transplantation, his comorbidi-
ties were hypertension and hyperuricemia.

He visited our hospital’s out-patient department with a
fever (>38 °C) that started 2 days ago. He had no concomitant
symptoms including respiratory distress symptoms. He had a
blood pressure of 108/62 mm Hg, a heart rate of 77 bpm, a
respiratory rate of 20 bpm, and an oxygen saturation at room
air of 95%. The laboratory data were as follows: white blood
cells (WBC), 8100/uL (neutrophils, 7023/pL; lymphocytes
535/pL); C-reactive protein (CRP), 5.6 mg/dL; procalcitonin,
0.05 ng/mL; and IL-6, 6.4 pg/mL. His kidney allograft func-
tion was stable (serum urea nitrogen of 17 mg/dL and serum
creatinine of 1.52 mg/dL). A computed tomography (CT) scan
revealed multiple regions of focal ground-glass opacity (GGO)
in both lung fields (Fig. 1 A-C). The possibility of pneumo-
cystis pneumonia was ruled out by the normal range of serum
B-D glucan levels, while the possibility of cytomegalovirus
was ruled out by a negative finding in the cytomegalovirus
antigenemia assay. The patient was diagnosed with COVID-19
by the positive finding in the antigen testing for severe acute
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respiratory syndrome coronavirus 2 (SARS-CoV-2) (1930 pg/
mL).

After the admission, we started him on ceftriaxone (1 g
daily) to cover the possibility of bacterial pneumonia, and
substituted the intravenous methylprednisolone (20 mg daily)
for all- oral maintenance immunosuppressive drugs (TacER,
MMF, and oral methylprednisolone), according to our origi-
nal immunosuppression modification based on the suggestion
from the literature [17]. We chose intravenous methylpred-
nisolone instead of dose-escalated oral methylprednisolone
because he had nausea and difficulties for taking oral medica-
tion on the day of admission. He was admitted into the isolated
ward for COVID-19 patients, but he was allowed to go to the
bathroom on the ward, not forced to bed rest. We resumed
TacER (1 mg daily) on day 2 because his temperature immedi-
ately fell below 38 °C but did not require oxygen treatment. On
day 5, we replaced intravenous methylprednisolone treatment
with oral methylprednisolone therapy (8 mg daily).

On day 7, his temperature increased to over 38.0°C; how-
ever, the laboratory findings deteriorated as follows: WBC,
10,000/pL (neutrophils, 8000/pL; lymphocytes, 1050/pL);
CRP, 6.9 mg/dL. A CT scan performed on day 10 revealed
that the GGO regions were enlarged in both lung fields (Fig. 1
D-F). We also checked the D-dimer level, which had increased
to 6.2 pug/dL from 1.0 pg/mL at the time of the diagnosis.
We evaluated the myocardial enzyme levels and electrocar-
diogram, but both examinations yielded normal findings.
Although the patient was not on bed rest, an ultrasonography
of the leg blood vessels revealed DVT in both the right soleal
and peroneal veins. (Fig. 2 A, C). The patient was therefore
started on intravenous heparin (10,000 units daily), accord-
ing to the guidelines from the National Center for Global
Health and Medicine in Japan [18]. However, we gradually
increased the dose of heparin up to 15,000 units daily to extend
the activated partial thromboplastin time into the target range
(50-70 s), according to our protocol (Fig. 3). Although he did
not undergo any specific therapy for COVID-19 (e.g., rem-
desivir, tocilizumab, and antibody administration), successful
clearance of SARS-CoV-2 was confirmed on day 16 (Fig. 3).
We resumed MMF (1000 mg daily) on day 16. D-dimer lev-
els improved to baseline levels after introducing anticoagulant
therapy (Fig. 3). The patient was discharged on day18, and
his anticoagulant therapy was switched to rivaroxaban (10 mg
daily), which was continued for 2 months. Ultrasonography
performed 2 months after the discharge revealed that the
thrombus had disappeared from both vessels.

Discussion and conclusion

In this case, we presumed that the DVT occurred when the
patient’s clinical state in this patient was exacerbated. The
development of thrombosis during hospitalization is one
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Fig. 1 Regions of ground-glass opacity (GGO) on computed tomography evaluations. GGO regions on the day of admission were shown in A-C.

GGO regions were disseminated on day 10 (D-F)

of the unique features of COVID-19 patients compared
with other patients with viral infection. A previous study
reported that the rate of COVID-19 patients who experi-
enced thromboembolic complications, including myocardial
infarction, ischemic stroke, and venous thromboembolism,
were three-fold higher than that of non-COVID-19 patients
with thromboembolic complications [14]. In another study,
venous thromboembolism occurred in 3.1% of non-ICU-
admitted COVID-19 inpatients [19]. However, the incidence
of thromboembolic complications including venous throm-
boembolism in COVID-19 solid organ transplant recipi-
ents has been rarely mentioned in the literature, despite a
high mortality rate suggested for this immunocompromised

cohort. We found three case reports of COVID-19 solid
organ transplant recipients with thromboembolic compli-
cations, one with acute femoral arterial thrombosis in a
lung transplant recipient, two with acute renal infarction
in kidney allografts [15, 16, 20]. A cohort study employ-
ing a matched non-transplant control group suggested that
acute kidney injury (AKI) developed significantly higher in
transplant recipients [21]. Although AKI developed due to
multifactorial causes in patients with COVID-19, thrombotic
events should be one possibility. Indeed, DVT was not inten-
sively focused in many literatures with COVID-19 transplant
recipients, but they did not state that DVT was not detected
by exhaustively performed examinations. The screening of
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Fig. 2 Ultrasound detection of deep venous thrombosis. Multiple thrombosis was detected at the right soleal vein (3 X47 mm) and the right pero-

neal vein (3 X45 mm) A. Arrows indicated the thrombosis B

DVT by ultrasound examination in all hospitalized patients
is most likely impossible in this pandemic situation. We can-
not say whether transplant recipients with COVID-19 have
a tendency for developing DVT or not, because there have
been no cohort study regarding DVT exploration, comparing
with non-transplant patients.

The mechanisms by which DVT developed during dis-
ease relapse in this patient are of great concern. The deci-
sive hypercoagulability mechanism in COVID-19 patients
is incompletely understood, and several mechanisms such
as endothelial injury, hypercoagulability, and complement-
mediated endothelial injury have been suggested [22, 23].
Direct SARS-CoV-2 invasion into endothelial cells has been
suggested, which might cause microvascular inflammation
and endothelial exocytosis, eventually leading to acute res-
piratory distress syndrome [22]. Indirect endothelial injury
has also been suggested, as has the relevance of acute sys-
temic inflammatory mediators such as cytokines (e.g., inter-
leukin-6) [24].

In the present case, the DVT probably formed when sys-
temic inflammation recurred, as evidenced by elevated WBC
counts and CRP levels. An in vitro study showed that the
SARS-CoV-2 spike protein could activate the alternative
complement pathway, which might be another mechanism of
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indirect endothelial injury [25, 26]. A hypercoagulable state
is another suspected etiology of COVID-19-related throm-
botic complications, which is defined as the activation of
prothrombotic factors such as factor VIII and/or fibrinogen
[27, 28]. Although the COVID-19-related hypercoagulable
state could meet the criteria of the disseminated intravascu-
lar coagulation (DIC) scoring system, its clinical features
might differ from those of acute DIC. Thrombosis is the
major clinical finding in COVID-19 and is contrasted by
bleeding in patients with acute decompensated DIC [28].
However, certain laboratory findings related to the diag-
nosis of DIC, such as increased D-dimer levels, have also
been suggested as a useful monitoring marker for COVID-
19 thromboembolic complications [28]. Indeed, elevated
D-dimer levels were observed in the present patient, sug-
gesting that some endothelial injury and hypercoagulable
change might have occurred in this patient during disease
state relapse, although the thrombotic formation was not
systemic but rather localized.

In conclusion, we relate the etiology of DVT formation
in this kidney transplant recipient to a hypercoagulable
state due to severe systemic inflammation due to COVID-
19, not due to physical activity restrictions during hospi-
talization. Given that DVT can develop during COVID-19
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Fig.3 Laboratory data and treatment time courses after admission. A
SIRS-Cov2 antigen was examined on days 1 and 16. The bold solid
line represents the body temperatures. The dashed line represents the
white blood cell counts. The thin mixed line represents the lympho-

reactivation, physicians should consider its possibility if
the COVID-19 status relapsed during the hospitalization.
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