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ABSTRACT

Kidney injury is a well-known complication in people with coronavirus disease 2019
(COVID-19). In kidney transplant recipients with COVID-19, presentation with nephrotic
syndrome has not been well described. We report on a 49-year-old black female kidney
transplant recipient who presented 25 years after transplant with clinical features of
nephrotic syndrome following a diagnosis of COVID-19. Histologic examination showed
acute tubular injury with unremarkable glomeruli on light microscopy and diffuse foot
process effacement of podocytes on electron microscopy, consistent with minimal
changeelike podocyte injury. Apolipoprotein L1 (APOL1) genetic testing confirmed
2 high-risk APOL1 alleles in the kidney donor. We speculate that COVID-19einduced
systemic or local cytokine release could serve as a second hit in the presence of APOL1 risk
alleles and mediate a podocytopathy manifesting as nephrotic syndrome. The presented
case with minimal changeelike disease, occurring in the context of the donor high-risk
APOL1 genotype, extends the spectrum of clinical manifestations in COVID-19e
associated nephropathy.
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ACUTE kidney disease can be seen with coronavirus
disease 2019 (COVID-19) caused by severe acute

respiratory syndrome coronavirus 2 (SARS-CoV-2). The
kidney manifestations range from simple abnormalities on
urinalysis to severe acute kidney injury (AKI) requiring
renal replacement therapy. The development of AKI is
associated with higher mortality in people with COVID-19
[1,2]. Initial presentation with nephrotic syndrome in
COVID-19 is rare but has been reported in patients
without a prior history of chronic kidney disease [3e5].
Although a number of kidney transplant recipients have
developed COVID-19, there are scarce data on the
occurrence of nephrotic syndrome in kidney trans-
plantation [6e8].
We report a case of a long-term kidney transplant

recipient with COVID-19 who presented with nephrotic
syndrome attributable to minimal changeelike podocytop-
athy in the context of donor homozygosity for apolipopro-
tein L1 (APOL1) risk allele, G1.
vier Inc. All rights reserved.
enue, New York, NY 10169
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CASE REPORT

The patient is a 49-year-old black woman with a history of pre-
eclampsia who developed end-stage kidney disease. She under-
went kidney transplant from a sibling donor in December 1995 at an
outside hospital. Since 2003, when she relocated to our center, her
maintenance immunosuppression has been tacrolimus 3 mg twice
daily (target trough level, 3-8 ng/mL) and prednisone 5 mg once
0041-1345/20
https://doi.org/10.1016/j.transproceed.2020.08.012

2693

mailto:sarat-kuppachi@uiowa.edu
http://crossmark.crossref.org/dialog/?doi=10.1016/j.transproceed.2020.08.012&domain=pdf
https://doi.org/10.1016/j.transproceed.2020.08.012


2694 YAMADA, RASTOGI, INCE ET AL
daily. She takes atenolol 25 mg twice daily and losartan 75 mg once
daily. She had a baseline serum creatinine (SCr) ranging from 1.4 to
1.6 mg/dL (estimated glomerular filtration rate [eGFR] 45-50 mL/
min/1.73 m2) and minimal proteinuria until her diagnosis of
COVID-19 in April 2020 (Table 1).

At presentation, she reported fever (up to 38.6�C), dry cough,
myalgia, and anorexia in the context of exposure to SARS-CoV-2
(her spouse had been diagnosed as having COVID-19). Her re-
sults were positive for SARS-CoV-2 from a nasopharyngeal swab on
Table 1. Baseline and Adm

Test Reference Range
B

(Early

Days prior to admission �
WBC (� 103 cells/mm3) 3.7-10.5

% Neutrophil
% Lymphocyte

Hemoglobin, g/dL 11.9-15.5
Platelet, � 103 cells/mm3 150-400
CRP (mg/dL) < 0.5
PT-INR
Fibrinogen, mg/dL 194-448
Sodium, mEq/L 135-145
Potassium, mEq/L 3.5-5.0
Chloride, mEq/L 95-107
CO2, mEq/L 22-29
Urea nitrogen, mg/dL 10-20
Creatinine, mg/dL 0.5-1.0
eGFR, mL/min/1.73 m2

Calcium, mg/dL 8.5-10.5
Total protein, g/dL 6.0-8.0
Albumin, g/dL 3.4-4.8

Cholesterol, mg/dL
LDH, IU/L 135-214
Ferritin, ng/mL 13-150
C3, mg/dL 90-180
C4, mg/dL 16-47
ANA < 1:80
DS-DNA, IU/mL 1-4
Cryoglobulin negative
SPEP negative
UPEP negative
Serum-free K/L LC ratio 0.26-1.65
Hepatitis B virus infection negative
Hepatitis C virus infection negative
HIV infection negative
BKV PCR negative
Tacrolimus, 12-h trough, ng/mL
Urinalysis with microscopy

Occult blood negative
Protein negative
White blood cell, /HPF < 5
Red blood cell, /HPF < 5
Urine creatinine, mg/dL
Spot urine protein, mg/dL

UPCR, g/g creatinine
24-h urine protein, g/24h

Abbreviations: ANA, antinuclear antibody; BKV, BK polyomavirus; COVID-19, coro
antibody; eGFR, estimated glomerular filtration rate; HPF, high-power field; K/L LC,
merase chain reaction; PT-INR, prothrombin time international normalization ratio; SP
protein electrophoresis; WBC, white blood cell count.
reverse transcription-polymerase chain reaction (cycle threshold
values of nucleocapsid protein 1 and 2 were 21 and 20, respectively,
with a positive threshold of 40 or less). Initially, her renal function
was stable, and she was treated conservatively with antipyretics. Her
symptoms gradually improved except for an episode of low blood
pressure with lightheadedness that prompted discontinuation of
losartan. Repeat laboratory work 2 weeks later showed significant
deterioration in renal function with a SCr of 4.4 mg/dL (eGFR, 13
mL/min/1.73 m2). She denied any use of nonsteroidal anti-
ission Laboratory Tests

aseline
April, 2020)

Diagnosis of COVID-19
(Late April, 2020)

Admission
(Mid-May, 2020)

37 d �24 d 0
11.9 7.6 10.3

74
20

14.5 14.0 12.5
243 196 301

< 0.5
1.0
262

145 135 138
3.7 3.5 4.1
110 98 107
21 19 16
23 12 38
1.6 1.6 3.4
43 43 17
9.8 9.5 8.5

7.2 5.9
3.8 2.5 (at admission)

2.4 (4 d later)
261
278
564
81
24

< 1:80
1

negative
negative
negative
2.39

negative
negative
negative
negative

5.8 6.0

trace
4þ
0-2
0-2

146 55
25 437
0.2 8.0

6.3

navirus disease 2019; CRP, C-reactive protein; DS-DNA, double-stranded DNA
serum free kappa lambda light chain; LDH, lactate dehydrogenase; PCR, poly-
EP, serum protein electrophoresis; UPCR, urine protein creatinine; UPEP, urine



Fig 1. Kidney biopsy. (A) Periodic acideSchiff stain (� 400), normal glomerulus without crescent, spikes and holes, or basement mem-
brane reduplication and acute tubular injury. No tubulitis was seen. (B) Ultrastructural examination shows extensive foot process efface-
ment with microvillous transformation. (C) Tubuloreticular inclusion noted in capillary loop endothelial cells (white arrowhead). CL,
capillary lumen; EM, electron microscopy; PAS, periodic acideSchiff stain; US, urinary space.
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inflammatory drugs. Prerenal AKI was suspected because of her
poor oral intake, and her SCr improved to 3.7 mg/dL with intra-
venous fluids. Three weeks after the initial detection of SARS-CoV-
2, she noticed bilateral pedal edema along with chest discomfort.
She had persistent poor renal function with a SCr of 3.4 mg/dL
(eGFR, 17 mL/min/1.73 m2), a urine protein dipstick test of 4þ, and
a urine protein creatinine ratio (UPCR) of 8.0 g/g Cr (Table 1). She
was admitted to the hospital for further evaluation.

Onadmission, her body temperaturewas 36.9�C, heart rate 84 beats
per minutes and regular, blood pressure 138/94 mm Hg, respiratory
rate 15 beats per minute, pulse oximeter 99% on room air, height
165 cm, weight 79 kg, and body mass index 29 kg/m2. Her physical
examination was notable for bilateral pedal edema but no periorbital
edema.Admission laboratory studies revealed persistent positivity of a
nasopharyngeal sample for SARS-CoV-2 by reverse transcription-
polymerase chain reaction (cycle threshold values for nucleocapsid
protein 1 and 2 were 36 and 37, respectively), She had a SCr of 3.4 mg/
dL, carbon dioxide of 16 mg/dL, and albumin of 2.5 mg/dL but no
leukocytosis, lymphopenia, or hypercholesterolemia (Table 1). Sub-
sequently, nephrotic-range proteinuria of 6.3 g/d was confirmed by a
24-hour urine collection. Additional tests for an autoimmune process,
other viral infection, and paraproteinemia were negative except for a
reduced C3 level of 81 units/mL (normal reference, 90-180) (Table 1).
Her chest radiograph at admission was unremarkable and no ultraso-
nographic evidence of hydronephrosis was seen.

A transplanted kidney biopsy performed 5 days after admission
revealed acute tubular injury and diffuse foot process effacement of
podocytes in the absence of segmental glomerular sclerosis. Light
microscopy showed renal cortex with a total of 9 glomeruli of which 4
were globally sclerosed in the single focal area of scar. The remaining
nonsclerosed glomeruli were normocellular with no crescents or
podocyte hypertrophy (Fig 1A). No segmental lesion was identified.
Tubules showed evidence of acute tubular injury with luminal cell
exfoliation and dilatation. There was no tubulitis. There was moderate
interstitial fibrosis and tubular atrophy, and moderate arteriosclerosis
and arteriolar hyalinosis. C4d stain was negative in the peritubular
capillaries; SV-40 was negative by immunohistochemistry, and the
Epstein-Barr encoding region was negative by in situ hybridization.
Electron microscopy showed glomerular capillary loop basement
membranewith preserved trilaminar architecture. There was extensive
foot process effacement (up to 90%) with microvillus transformation
(Fig 1B).Multiple tubuloreticular inclusions were noted in endothelial
cells (Fig 1C), indicative of a viral etiology. The sample for immuno-
fluorescence examination did not contain any glomeruli. However,
electronmicroscopy examination did not show any deposits, essentially
ruling out the possibility of immune-complex glomerulonephritis.

A sample from her kidney tissue tested negative by immunohisto-
chemistry and in situ hybridization for SARS-CoV-2 (Arkana Labo-
ratories, LittleRock, Ark,United States). Testing of her serum sample
5 weeks after her initial presentation showed positive SARS-CoV-2
qualitative antibody by 2 assays (Elecsys Anti-SARS-CoV-2, Roche
Diagnostics, Indianapolis, Ind; LIAISON SARS-CoV-2 S1/S2 IgG,
DiaSorin Inc, Stillwater, Minn, United States). Genetic testing (Iowa
Institute of Human Genetics, Iowa City, Iowa, United States)
confirmed that both the recipient and her donor were homozygous for
the APOL1 renal risk allele, G1.

Pertinent findings in this patient were acute tubular injury and
diffuse foot process effacement of podocytes with endothelial cell
tubuloreticular inclusions without evidence for an immune
complexemediated process, graft rejection, or other infectious
process. While her AKI was likely secondary to acute tubular injury,
her nephrotic syndrome was probably secondary to a viral podo-
cytopathy, manifesting as minimal change disease (MCD).

On day 6 after admission, the patient was discharged home with
her maintenance immunosuppression. Because of lack of
improvement in proteinuria at 3 weeks after the discharge, oral
glucocorticoids (prednisone 60 mg once daily) and angiotensin-
converting enzyme inhibitor (lisinopril 10 mg once daily) were
added. At her last follow-up, 9 weeks since discharge and after 6
weeks of oral glucocorticoid therapy, she has clinically improved
with a SCr of 3.4 mg/dL and UPCR of 2.6 g/g Cr (cf. SCr of 4.4 mg/
dL and UPCR of 8.0 g/g Cr at admission). Despite her improvement
in proteinuria, her glucocorticoid therapy was weaned down earlier
than planned because of its adverse effects.
DISCUSSION

Based on a thorough literature review, the presented case, to
our knowledge, is thefirst to demonstrateMCD-type podocyte
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injurywith nephrotic syndrome in a kidney transplant recipient
with COVID-19. Our case with the podocytopathy, occurring
in the context of the donor high-riskAPOL1 genotype, extends
the spectrum of COVID-19eassociated nephropathy.
Nephrotic syndrome refers to a constellation of clinical

features that are usually seen with a variety of glomerular
diseases including the podocytopathies [9]. MCD is the most
common cause of nephrotic syndrome in children, whereas
it is a less common cause in adults, and conditions like focal
and segmental glomerulosclerosis (FSGS) predominate in
those patients [10]. It is pertinent to differentiate MCD
from FSGS to determine a therapeutic option and its
prognosis; however, it is not always an easy task in clinical
practice because early FSGS can only present with diffuse
foot process effacement. In the presented case, the possi-
bility of early FSGS cannot be completely excluded this
time, given the low number of glomeruli obtained and the
limited follow-up. However, her prompt response to glu-
cocorticoids in reduction of proteinuria could support
MCD-type podocyte injury, whereas her eGFR remains
poor because of chronic scarring in the renal interstitium.
Although the exact mechanism of MCD is not known,

there could be a pathogenic association between certain viral
infections and the resulting T-lymphocyte activation with
cytokine release that may contribute to its pathogenesis
[11,12]. In some patients with nephrotic syndrome in remis-
sion, respiratory infections including SARS-CoV-2 are asso-
ciated with a relapse of proteinuria [13,14]. On the other
hand, in hospitalized patients with moderate to severe
COVID-19, about 5% exhibited AKI on admission and 10%
had proteinuria defined by a urine protein dipstick of 2þ or
greater [15]. A higher rate of proteinuria, up to 42%, was
observed in patients with COVID-19 who developed AKI
during hospitalization [2]. AKI in critically ill patients with
COVID-19 may be secondary to acute tubular injury result-
ing from hemodynamic instability, although the cause of the
reported proteinuria is not well described.
Direct involvement of renal tubules and glomeruli by

SARS-CoV-2 is supported by postmortem analyses of fatal
cases with COVID-19. Of those, coronavirus-like particles
with distinctive spikes were recognized by electron micro-
scopy; viralRNAandprotein of SARS-CoV-2were identified
by in situ hybridization and indirect immunofluorescence,
respectively [16,17]. This virus binds to the transmembrane
protein, angiotensin-converting enzyme 2 (ACE2), during
the fusion process [18]. In the kidney, ACE2 is present in
podocytes, parietal epithelium of the Bowman capsule, and
proximal tubules [18]. This expression pattern and upregu-
lation of ACE2 correlate with the patterns of renal disease in
COVID-19, namely, acute tubular injury and proteinuria
[16,17]. However, we could not confirm the presence of
SARS-CoV-2 in kidney parenchyma by immunohistochem-
istry or by in situ hybridization, although virus-like particles
were seen on electron microscopy (data not shown). Our
failure to prove the direct evidence of viral infection in
podocytes are actually in line with other studies that specu-
lates cytokine milieu in response to SARS-CoV-2 infection,
rather than direct viral involvement in podocytes, as a culprit
of COVID-19eassociated nephropathy [5,19].
The high-risk APOL1 genotype may contribute to the

podocytopathy seen in COVID-19, perhaps by acting in
concert with local or systemic cytokine release [5,19]. In
viral- or immune-mediated podocytopathies, tubuloreticular
inclusions can be seen and these are considered to be
interferon footprints because they are induced by both
endogenous and exogenous interferon [20]. Analyses of
patients with COVID-19 demonstrate an elevation of
plasma cytokines including interferon ɣ and induction of
interferon-stimulated genes in the respiratory system
[21,22]. Similar elevations in cytokines may occur locally in
podocytes with COVID-19. Cytokines are known to pro-
mote APOL1 gene expression in podocytes, although it is
undetermined if the induction of APOL1 gene contributes
to podocyte injury [23,24]. Nevertheless, the APOL1 risk
alleles, G1 and G2, are well-established risk factors for a
number of other kidney diseases including HIV-associated
nephropathy, end-stage kidney disease from hypertension,
lupus nephritis, sickle cell nephropathy, and FSGS [23,24].
Collapsing glomerulopathy, characterized by podocyte

hyperplasia and hypertrophy, is considered the most severe
form of podocytopathy and one of variants of FSGS. This
collapsing glomerulopathy is the histologic hallmark of
HIV-associated nephropathy that is primarily seen in in-
dividuals carrying the high-risk APOL1 alleles [23,25].
Several cases of collapsing glomerulopathy with COVID-19
have also been reported in the nontransplant setting in
patients who possess a high-risk APOL1 genotype [5,19].
This suggests that SARS-CoV-2 infection could trigger a
severe podocytopathy in susceptible individuals who carry
the APOL1 risk alleles [5]. Clearly, our recipient who
received a transplant with a kidney bearing 2 APOL1 risk
alleles was doing well for 25 years after transplant, indi-
cating that the high-risk APOL1 genotype alone is insuffi-
cient to cause a proteinuric kidney disease. A second hit,
such as HIV or, in our case, SARS-CoV-2, may have been
required for the development of disease.
CONCLUSIONS

This report describes MCD-like podocytopathy causing
nephrotic syndrome in a patient with COVID-19. This case
extends the spectrum of COVID-19eassociated nephropa-
thy that can be seen in transplant recipients. The podocyt-
opathy occurred in a recipient who had received a kidney
bearing 2 high-risk APOL1 alleles and who had stable kid-
ney allograft function for years after transplant. We specu-
late that cytokine activation within the podocytes following
SARS-CoV-2 infection, in the presence of a susceptible
APOL1 genotype, resulted in a clinical manifestation that
included MCD-like podocytopathy.
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