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ABSTRACT

Acute kidney injury (AKI) is common among hospitalized patients with coronavirus disease 2019 (COVID-19), with the
occurrence of AKI ranging from 0.5% to 80%. An improved knowledge of the pathology of AKI in COVID-19 is crucial to
mitigate and manage AKI and to improve the survival of patients who develop AKI during COVID-19. In this review, we
summarize the published cases and case series of various kidney pathologies seen with COVID-19. Both live kidney
biopsies and autopsy series suggest acute tubular injury as the most commonly encountered pathology. Collapsing
glomerulopathy and thrombotic microangiopathy are other encountered pathologies noted in both live and autopsy
tissues. Other rare findings such as anti-neutrophil cytoplasmic antibody vasculitis, anti-glomerular basement
membrane disease and podocytopathies have been reported. Although direct viral infection of the kidney is possible, it
is certainly not a common or even widespread finding reported at the time of this writing (November 2020).
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INTRODUCTION

A novel coronavirus named as severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) was identified in December
2019 in China. This virus causes coronavirus disease 2019
(COVID-19), which is characterized by a diffuse alveolar dam-
age leading to an acute respiratory distress syndrome [1].
Organs other than the lungs may be affected, including the
kidneys. The incidence of acute kidney injury (AKI) in hospi-
talized patients with COVID-19 disease has been reported to
range from 0.5% to 80% [2-4]. In the USA, AKI among hospital-
ized patients with COVID-19 may range between 28% and 46%,
with a high risk for in-hospital mortality [5, 6]. Patients who
develop AKI have a worse outcome as compared with those
with normal kidney function [5].

In this review, we first discuss the controversy behind
SARS-CoV-2 and its role in direct kidney infection, then classify
AKI in COVID-19 based on the pattern of injury and describe
all published histopathological changes in detail. Lastly, we
describe biopsy findings in kidney transplant recipients. The
pathophysiology of COVID-19-related AKI is discussed in a sepa-
rate manuscript in this issue of the journal.

DOES SARS-CoV-2 RESULT IN DIRECT KIDNEY
INFECTION?
Certain viral infections of the kidney, including BK polyomavi-

rus, adenovirus and cytomegalovirus, are typically associated
with viral cytopathic effect, i.e. nuclear or cytoplasmic
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inclusions and sometimes extensive tissue necrosis and inflam-
mation. None of these changes has been reported in biopsy and
autopsy series describing kidney pathology in COVID-19 [7-12].
From the early studies, it has become apparent that the SARS-
CoV-2 virus is not associated with such obvious signs of direct
viral infection, but its presence in the kidney has become a sub-
ject of controversy.

Initial autopsy reports from China included ultrastructural
evidence of viral particles and positive immunofluorescence (IF)
staining for SARS-CoV-2 nucleoprotein, but these studies were
performed in a portion of cases and in some cases with negative
results [13]. Several other studies followed, with variable results.
Some reported positive identification of viral particles by elec-
tron microscopy but with negative results when using more
specific tests, like RT-PCR [14, 15]. Others showed a detectable
SARS-CoV-2 viral load in all kidney compartments examined by
RT-PCR, in situ hybridization (ISH) and indirect IF with confocal
microscopy [16-18]. On the other hand, data from large autopsy
and biopsy series from Columbia University and Northwell
Health in New York, and a multicenter biopsy series report neg-
ative results by immunohistochemistry (IHC) or ISH in all tested
cases [8-12]. The Columbia group reported a low-intensity dot-
like staining of tubule epithelial cells in many cases and
this was interpreted as nonspecific or suggestive of low-level
viral abundance, particularly when contrasted with the
intense staining in lung specimens from autopsies with COVID-
199, 11].

Absolute certainty in viral particle identification by electron
microscopy is very challenging because it is primarily based on
particle morphology and size. Virus-like particles of SARS-CoV-
2 were identified on electron microscopy in several studies,
but these findings have been strongly challenged by others
who proposed that these ultrastructural findings most likely
corresponded to intracellular components like clathrin-coated
vesicles and multivesicular bodies [17,19-21] (Figure 1).
Ultrastructural details in autopsy tissues can also be misinter-
preted as coronavirus particles [7]. Most of these images lack
sufficient ultrastructure for viral classification. Some could
represent endoplasmic reticulum, some multivesicular bodies
and some coated vesicles [21]. Although direct viral infection of
the kidney is possible, it is certainly not a common or even
widespread finding reported thus far. At the time of this writing
(November 2020), SARS-CoV-2 is detected uncommonly by
IHC or ISH.

FIGURE 1: Electron micrograph to the left shows a microvesicular body within
the podocyte cytoplasm (black arrow; original magnification x40000) and the
electron micrograph to the right shows multiple clathrin-coated vesicles in the
endothelial cell cytoplasm (black arrowheads; original magnification x50000).
Both structures have been often confused with viral particles.
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HISTOPATHOLOGICAL FINDINGS OF AKI IN
COVID-19 BASED ON THE PATTERN OF INJURY

The percentage of patients with COVID-19-associated AKI who
undergo a kidney biopsy remains low due to logistical reasons
and infection risk. Most of the biopsies done are for indication
only so true prevalence of pathological changes may still not be
known. Data on the pathology of COVID-19-associated AKI are
primarily derived from case reports and case series. While most
published case reports discuss glomerular disease findings
associated with COVID-19 [collapsing glomerulopathy (CG)], this
might be a relative publication bias. Of note, it is common to see
more than one compartment of the kidney to be involved. We
summarize all the kidney biopsy findings in patients with
COVID-19 and AKI that have been published at the time of this
writing (November 2020). The three most common kidney
biopsy findings to date associated with COVID-19 are acute tu-
bular injury (ATI), CG and thrombotic microangiopathy (TMA).
A recent review on this topic by our group summarizes the
pathophysiology and the pathology associated with COVID-19-
related AKI [22], but the data now have been updated in this
review. Table 1 summarizes all commonly reported kidney
biopsy pathology seen with COVID-19. Table 2 summarizes the
kidney related autopsy data from key manuscripts published in
2020. Supplementary data, Table S1 gives the details of individ-
ual cases for all related pathologies.

ATI

Evidence to date shows that the vast majority of AKI in patients
with COVID-19 is related to ATI. In clinical practice, based on
history alone, ATI seems to be the most common finding in
patients with COVID-19 and AKI [24]. Several publications ex-
amining native kidney biopsy and autopsy tissue have demon-
strated ATI as the most common pathologic finding in patients
with COVID-19 and concomitant AKI or proteinuria [9, 10]. In a
multicenter study of 17 patients, ATI was seen in 14 patients
often in association with other glomerular and or endothelial
changes [12]. In a case series of 10 patients with COVID-19 and
AKI or proteinuria, ATI was demonstrated in all patients [10]
(Figure 2). Kudose et al. reported ATI on the kidney biopsy, either
as the primary finding or a secondary finding in 12 out of 17
patients with COVID-19 and AKI [9]. In some of these cases,
a direct correlation existed between risk factors such as
hemodynamic instability and development of AKI. Presence of
myoglobin casts and ATI has been reported in two patients who
developed rhabdomyolysis in association with COVID-19 [9, 10].
It is important to note that kidney biopsies are typically
not done for patients with a clinical diagnosis of ATI. Thus, the
kidney biopsy series that have been published reflect ‘for-cause’
biopsies and may not reflect the full extent of ATI in COVID-19
disease.

Proximal tubular damage with ATI has been described in
patients with COVID-19. Werion et al. reported lab evidence of
proximal tubular dysfunction in a subset of patients as sug-
gested by low molecular weight proteinuria (70-80%), neutral
aminoaciduria (46%) and defective handling of uric acid (46%) or
phosphate (19%). Analysis of six kidney autopsy samples of
patients who died of COVID-19 revealed prominent and diffuse
proximal tubular damage in all patients with dilation of tubular
lumen containing cellular debris, denuded basement mem-
branes and major alterations of brush border [25].

Table 1 and Supplementary data, Table S1 summarize all
published cases of ATI from live kidney biopsies. Thus far, there
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Table 1. Summary of commonly noted kidney biopsies findings seen with COVID-19

Median Male/ Race/ethnicity SCr (IQR), Initial Alive at
Pathology age (IQR), years  female (n)  breakdown? (%) mg/dL? presentation (%) KRT (%) discharge (%)
ATI (n=9) 57.0 5M/4F AA—22.2 4.8 AKI—77.8 Yes—44.4 Alive—66.7
(55.0-69.0) Black—22.2 (3.2-6.1) AKI + proteinuria—22.2 No—55.5 Died—22.2
Hispanic—33.4 NA—11.1
White—22.2
CG + ATI (n=28) 56.0 18 M/10F AA—214 6.6 AKI + NS —67.9 Yes—64.2 Alive—89.3
(46.0-62.7) African—7.1 (4.4-10.6) AKI + proteinuria—32.1 No—32.1 Died—7.1
Asian—3.6 N/A—3.6 NA—3.6
Black—67.9
TMA (n=3) 45.0 1M/2F AA—333 7.4 AKI—33.3 Yes—100 Alive—33.3
(34.0-69.0) Hispanic—33.3 (7.8-11.4) AKI + proteinuria—66.7 No—0 Died—66.7
White—33.3
Vasculitis—ANCA 48.0 3M/6F AA—222 8.2 AKI—88.9 Yes—55.6 Alive—100
and anti-GBM (39.5-66.5) Asian—22.2 (4.4-17.8) AKI + proteinuria—11.1 No—44.4 Died—0
(n=9) Black—11.1
White—44.4

SCr, serum creatinine; AA, African American; AKI, acute kidney injury; ANCA, antineutrophilic cytoplasmic autoantibody; ATI, acute tubular injury; CG, collapsing glo-
merulopathy; crt, creatinine; GBM; glomerular basement membrane; NS, nephrotic syndrome; TMA, thrombotic microangiopathy; KRT: kidney replacement therapy.

M, Male; F; Female; F, female.
#Race/ethnicity is cited directly from the source article.
®SCr values reflect the values of initial presentation.

are nine cases with ATI as the primary diagnosis with no other
lesions. In those nine patients, 44.4% required renal replace-
ment therapy and 66.7% are alive at the time of this writing
(November 2020). In addition, 28 cases of ATI associated with
CG, 2 with myoglobin cast nephropathy and 2 with oxalate ne-
phropathy have been reported.

Autopsy data available from histologic evaluation of the kid-
neys in patients dying from COVID-19 have been notable for the
presence of ATI and necrosis, which was the main factor corre-
lating with AKI [8, 11]. In one of the first autopsy series pub-
lished from China, 26 autopsies were performed for patients
with COVID-19 [13]. These cases were all rapid autopsies with a
post-mortem interval of <6h, which reduces autolytic artifacts
within tissue. All cases in the series showed mild to severe ATI
ATI was characterized by a loss of the proximal tubular brush
borders, vacuolar degeneration (non-isometric in most cases),
frank epithelial cell necrosis (four cases), pigmented granules
within tubular cytoplasm (four cases) and pigmented casts in
tubular lumens (three cases). In another retrospective study of
81 patients in a single center in China, a total of 41 (50.6%)
patients experienced AKI [26]. In that study, they mentioned a
limited autopsy of 10 patients showing pathologic findings con-
sistent with ATI [26]. Combined data from Northwell Health,
Columbia University Medical Center and New York University
in the USA showed that 76% (38/50) of autopsies had ATI with
varying degrees of severity [8]. Another autopsy series from the
UK found evidence of ATI in all nine patients examined [23]
(Table 2). Artifactual autolysis in autopsy specimens can be dif-
ficult to distinguish from ATI, hence more credence should be
given to kidney biopsies for this diagnosis.

Glomerular diseases

Several glomerular diseases have been described in association
with COVID-19. It is difficult to ascertain if development of the
glomerular disease is directly related to the SARS-CoV-2

infection or whether this infection acts as a ‘second hit’ in
patients who already have a predilection for glomerular pathol-
ogy such as those with high-risk Apolipoprotein L 1 (APOL1) ge-
notype. The other possibility is that this represents an
incidental finding unrelated to the SARS-CoV-2 infection.
Evidence of nephrotic-range proteinuria and CG has been
reported in patients with COVID-19 [27, 28]. Tubuloreticular
inclusions (TRIs) known as ‘interferon footprints’ have been de-
scribed in glomerular endothelial cells, which may reflect SARS-
CoV-2-induced excessive production of cytokines including in-
terferon. The most common glomerular disease noted with
COVID-19 is CG.

Collapsing glomerulopathy (CG). Collapsing glomerulopathy has
emerged as a distinct pathology associated with SARS-CoV-2 in-
fection (Figure 3), which seems to specifically affect individuals
of African ancestry who have high-risk APOL1 genotypes (G1/
G1, G1/G2 or G2/G2). To date, 32 cases of CG, either in isolation
(28 cases) or in combination with other pathology findings (4
cases), have been published in patients with COVID-19 [9, 10, 12,
15, 28-35]. A total of 21 cases mentioned had APOL1 polymor-
phisms (14 with homozygous G1/G1, 2 with homozygous G2/G2
and 5 with heterozygous G1/G2). All cases presented with AKI or
proteinuria; 30/32 (96%) patients were of Black race or of African
or African American (AA) heritage, 1 patient was of Asian
(Indian) origin and 1 of Hispanic origin. Of the 28 isolated
COVID-19-associated CG, 64.2% required dialysis and 89% are
alive at the time of this writing. Table 3 describes the four addi-
tional cases of CG-associated mixed lesions along with TMA
and other pathology findings. Three of those patients are on di-
alysis and all are alive.

CG is a histopathological feature that has been associated
with other viral infections; most characteristically seen in
HIV-associated nephropathy, but also seen in Epstein-Barr
virus, cytomegalovirus and parvovirus B19 infections [36].
APOL1 expression is upregulated by viral infections and other
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FIGURE 2: A 56-year-old male with a past medical history of hypertension, coro-
nary artery disease presents with cough and shortness of breath. SARS-CoV-2
infection is confirmed. In 24 h, he gets intubated for worsening pulmonary func-
tion. Within 8h of intubation, AKI ensues. He is on steroids and tocilizumab.
Within the next 24 h, he requires kidney replacement therapy. A kidney biopsy is
done and confirms ATI. Tubules reveal widespread distension of the lumens and
flattening and degenerative changes of the epithelial layer, including vacuoliza-
tion of the epithelial cell cytoplasm. Some tubules contain cellular debris. The glo-
merulus does not reveal specific changes (periodic acid-Schiff stain, x200).

FIGURE 3: A 45-year-old male presents with cough, shortness of breath and
fevers. He also complains of significant new lower extremity swelling and foamy
urine. SARS-CoV-2 infection is confirmed and a 24-h urine reveals 15g of pro-
teinuria. His serum creatinine is 4.2 mg/dL. He is found to be positive for high-
risk APOL1 genotype G1/G1. All serological workup is negative. A kidney biopsy
reveals CG with ATI. This image reveals proliferation of glomerular epithelial
cells over the collapsed segments of the capillary tuft . Some epithelial cells con-
tain prominent intracytoplasmic protein reabsorption droplets (Jones methena-
mine silver stain, x400).

inflammatory diseases that activate interferons and toll-like
receptor-3 [37]. Thus, in individuals with high-risk APOL1
genotypes (which are most common in persons of West African
ancestry), SARS-CoV-2 infection and the resulting hyper-
inflammation may act as a ‘second hit’ that leads to podocyte
dysregulation, injury and development of CG [38]. Several
investigators have now termed this association of CG with
SARS-CoV-2 as COVID-19-associated nephropathy, or COVAN
[39, 40].

Other podocytopathies. Other podocytopathies including
minimal change disease (MCD) and focal segmental

glomerulosclerosis (FSGS) have been reported in patients with
COVID-19 and nephrotic syndrome (NS). Kudose et al. reported
an AA patient presenting with AKI and NS [9]. Pathology
revealed diffuse effacement of the foot processes consistent
with MCD along with ATI and TRIs. Interestingly, this patient
was found to be homozygous for the high-risk APOL1 genotype
(G1/G1). Another case of MCD was described in a 52-year-old
woman presenting with NS [12]. It is possible that the viral in-
fection triggers podocytopathy in some patients. Non-
collapsing FSGS has also been described along with other patho-
logic findings likely representing underlying chronic disease
(Supplementary data, Table S1 and Table 3).

Vasculitis. Glomerulonephritis such as anti-neutrophil cyto-
plasmic antibody (ANCA)-associated vasculitis [10, 41, 42], anti-
glomerular basement membrane (GBM) disease [43] and immu-
noglobulin A (IgA) vasculitis with nephritis [44] have been
reported in patients with COVID-19. Three cases of ANCA vascu-
litis and six cases of anti-GBM disease have been reported so
far. Most patients had severe kidney impairment with five out
of nine patients requiring dialysis. All nine patients received
treatment with various immunosuppressive therapies and were
alive, with just one patient requiring dialysis at the time of dis-
charge (Table 1).

Membranous nephropathy. Two cases of membranous ne-
phropathy (MN) have been described, of which one was phos-
pholipase A2 receptor antibody (PLA2R) positive by serum and
another was PLA2R negative [9]. The authors postulated that
since PLA2R is also present in the respiratory tract, it could be a
potential source for antigen presentation to incite or potentiate
anti-PLA2R autoimmune responses. This association could also
be co-incidental.

Lupus nephritis. Crescentic transformation of long-standing
pre-existing lupus nephritis presenting as AKI and NS in a pa-
tient with severe COVID-19, was reported by Kudose et al. [9].
This may highlight the role of an inflammatory milieu to exac-
erbate pre-existing immune-mediated diseases in patients with
COVID-19.

Thrombotic microangiopathy. TMA has been described in
patients with COVID-19 either as the primary finding or in com-
bination with other pathologic features like acute tubular necro-
sis (ATN) and CG (Figure 4). There has been recent evidence
suggesting that the signs and symptoms of severe COVID-19 re-
semble more the pathophysiology and phenotype of
complement-mediated TMA [10, 45, 46] rather than sepsis-
induced coagulopathy. In the study by Akilesh et al. a total of six
patients with evidence of kidney-related TMA were described.
Two patients had a history of prior gemcitabine exposure (one
of whom was an active cocaine user) while another patient was
noted to have low C3 level suggestive of activation of alternative
complement pathway [12]. Four patients also had evidence of
CG in addition to the TMA. Overall acute TMA and more subtle
ultrastructural evidence of acute endothelial cell injury were
present in 35% of the cases. Jhaveri et al. described a patient
with diffuse cortical necrosis and widespread glomerular micro-
thrombi, related to defects in alternate complement pathways
[45]. Another case of TMA was demonstrated on the kidney bi-
opsy in a patient with recent gemcitabine exposure [10, 47]. Of
the patients with isolated TMA (three patients), two of them
died and all three required dialyses [10, 45]. Endothelial dys-
function has been suggested as one of the main mechanisms of
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FIGURE 4: A 67-year-old female presents with a cough and fevers. SARS-CoV-2
pneumonia is confirmed. In the next few days, her laboratory data showed
worsening anemia and thrombocytopenia. Her clinical course deteriorates
where she requires intubation and pressor support. Her kidney function wor-
sens requiring kidney replacement therapy. After platelet transfusion, a kidney
biopsy is performed. The biopsy confirms cortical necrosis with acute TMA.
Renal cortical necrosis is the most severe expression of TMA and is character-
ized by coagulative necrosis with degenerative changes of all cell types and in-
volved structures, including tubules, glomeruli and the vasculature. Adjacent
parenchyma may exhibit reactive changes (hematoxylin and eosin stain, x100).

COVID-19-associated organ damage including AKI [13, 45, 48]
The authors also postulate that COVID-19 can predispose
patients to conditions that make them prone to endothelial in-
jury like hypertension, prothrombotic states and antibody-
mediated rejection (AMR) [12] Although intriguing, the relation-
ship of TMA to COVID-19 remains speculative. Kudose et al. did
not report any cases of TMA in their large cohort. CG and TMA
can co-exist as stated by prior studies in relation to glomerular
ischemia [49]. This poses an interesting cause and effect di-
lemma about TMA in COVID-19. In addition, some authors have
proposed that the TMA seen with COVID-19 could be related to
hydroxychloroquine [50, 51]. To our knowledge and at the time
of this writing, no cases have been reported of kidney vein
thrombosis associated with COVID-19, although kidney arterial
thrombosis leading to kidney infarction or kidney infarctions
has been reported [52-55].

A post-mortem case-series (with a mean hypoxic delay of
33h) demonstrated diffuse ATI [56], with 3/18 patients showing
fibrin thrombi in glomerular capillaries. Thrombosis of the kid-
ney microvasculature has also been highlighted in other post-
mortem kidney samples from patients who received cardiopul-
monary resuscitation before death [57]. The autopsy series from
New York University found that in addition to findings of ATI,
platelet-rich fibrin microthrombi were present in peritubular
capillaries and venules in several cases [57]. In one case, there
was TMA within the glomeruli with large platelet-rich micro-
thrombi, red cell fragmentation and mesangiolysis. All of the
cases exhibited mild to moderate arteriolosclerosis (AS), and
one demonstrated arteriolar hyalinosis. Another autopsy series
from the UK evaluated 10 patients. Interestingly, thrombotic
features were observed in at least one major organ in all full au-
topsies, predominantly in the lung [8/9 (89%) patients], heart [5/
9 (56%)] and kidney [4/9 (44%)]. Evidence of ATI has been noted
in all nine patients examined [23] (Table 2).

Mixed pathology lesions

Several cases were reported where the kidney biopsy showed
mixed lesions (Table 3) that are consistent with TMA along with

CG and ATI. Several had other findings such as diabetic ne-
phropathy (DN) and FSGS, along with post-infectious glomeru-
lonephritis in one as well. Of the nine patients described in the
literature with combined lesions that include, five of them are
on dialysis and all are alive at the time of this writing [12]
(Tables 1 and 3).

Interstitial nephritis

Acute interstitial nephritis (AIN) as a secondary finding in asso-
ciation with CG, FSGS and ATI has been reported in COVID-19 as
well [12]. Other than that, AIN has not been reported with
COVID-19.

Treatment-related AKI

Certain treatment-related causes of AKI in patients with
COVID-19 such as the use of antiviral agents leading to tubu-
lointerstitial diseases [58, 59|, and two cases of biopsy-proven
vitamin C-related oxalate nephropathy [60] have also been
reported. In addition, kidney infarction has been postulated as a
cause of AKI [9, 55]. As suggested earlier, some authors have
postulated that the TMA seen with COVID-19 could have been
treatment related [50, 51].

KIDNEY PATHOLOGY IN THE TRANSPLANTED
PATIENT

AKI in the kidney transplant patient with COVID-19 has been
described in eight patients in the literature (Table 4). Akilesh
et al. describe three patients with a kidney transplant who had
COVID-19 and were biopsied for a rising creatinine [12]. Two of
these patients had microvascular inflammation and positive
C4d staining in peritubular capillaries in association with ele-
vated donor-specific antibodies , meeting Banff criteria for ac-
tive antibody-mediated rejection. One patient also had IgA
deposits (1-2+) on IF and a single arterial thrombus suggestive
of TMA. The third patient had features of ATI on the biopsy and
had rapid clinical resolution of AKI. Kudose et al. described three
patients with kidney transplants and COVID-19, two of whom
were biopsied for AKI [9]. One patient had Grade 2A cellular re-
jection and the other had ATI. The third patient who underwent
a nephrectomy was found to have cortical infarction with se-
vere interstitial fibrosis and tubular atrophy. CG has been de-
scribed in an allograft recipient presenting with NS and AKI
whose donor was found to have low-risk GO/G2 phenotype [61].
Yamada et al. reported a patient with NS, who had MCD on the
kidney biopsy whose donor was found to be positive for high-
risk APOL1 genotype G1/G1 [62]. In additon, studies have shown
that CG can be present in TMA in the kidney allograft, possibly
secondary to glomerular ischemia [49]. These pathologic find-
ings represent the complex interplay of hemodynamic factors,
cytokine storm, endothelial injury and development of donor-
specific antibodies, all of which contribute to AKI in kidney
transplant recipients. Similar to native kidneys, viral infections
can precipitate CG in transplant recipients, even with low-risk
APOL1 status of the donor.

CONCLUSION

In summary, SARS-Cov-2-infected patients with AKI can pre-
sent with diverse pathological findings. Although direct viral in-
fection of the kidney is possible, it is not a common or
widespread finding at the time of this writing. ATI is the most



Reference #
Kudose (JASN) [9]
Akilesh (AJKD) [12]
Akilesh (AJKD) [12]
Akilesh (AJKD) [12]
Kudose (JASN) [9]
Kudose (JASN) [9]
Lazareth (AJKD) [61]
Yamada

(Trans Proc) [62]

USA
USA
USA
USA
USA
USA
France
USA
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Country

Other
Received steroid,
thymoglobulin and IVIG
Nephrectomy sample
APOL1+
G1/GO
Steroid

Patient
outcome
Alive
Alive
Alive
Alive
Alive
Alive
Alive
Alive

Kidney
2.2
NA
2.7
13
2.1
3.2
1.3 and
proteinuria
resolved

follow-up®
On dialysis

KRT
No
No
No
No
No

Yes
No
No

g/g
0.2
NA
3.0
0.1
0.2
NA
0.8
6.3

Proteinuria,

SCr,
29
1.63
1.9
1.2
2.6
5.3
3.5

Presentation mg/dL’
9.5

AKI
AKI
AKI
AKI
AKI

ESKD
AKI
AKI, NS

Race/
ethnicity®
Hispanic
Black
AA
Hispanic
White
Black
Sub-Saharan
Black

Sex
Female
Female

Male
Male
Female
Male
Male
Female

Age, years
54
47
54
42
22
29
49

Pathology
ATI
AMR
IgA + FSGS+
Chronic AMR
IgA + FSGS +
TMA + chronic AMR
Cellular rejection
Infarction
CG + ATI
MCD + ATI

AA, African American; AKI, acute kidney injury; APOL1, Apolipoprotein L1; ATI. Acute tubular injury; CG, collapsing glomerulopathy; KRT, kidney replacement therapy; MCD, minimal change disease; MN, membranous nephropa-
thy; MCD, minimal change disease; NA, not available; NS, nephrotic syndrome; SCr, serum creatinine; TMA, thrombotic microangiopathy; FSGS focal segmental glomerulosclerosis; AIN, acute interstitial nephritis; DN, diabetic ne-

phropathy; AMR, antibody mediated rejection; JASN, Journal of American Society of Nephrology; AJKD, American Journal of Kidney Diseases; Trans Proc, Transplantation Proceedings; IVIG, intravenous immunoglobulin.

“Race/ethnicity are cited directly from the source article.

Table 4. Summary of kidney biopsies done in kidney transplant patients with COVID-19
®Values refer to the peak SCr (mg/dL).

“Values refer to SCr (mg/dL) upon discharge.

3
4
5
6
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common clinical and pathologic finding in patients with AKI,
both in biopsy and autopsy tissue. CG is the most common
glomerular disease often in association with high-risk APOL1
genotypes. The varied pathologic findings in the glomeruli may
be a result of a heightened immune response in COVID-19 or
may be coincidental. TMA is the third most common pathology
noted. Of the three pathologies described, TMA has the worst
prognosis, with all patients requiring dialysis. As our experience
with COVID-19 grows, the kidney pathology findings will be bet-
ter elucidated.
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