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Abstract

Traditionally collapsing glomerulopathy (CG) is associated with medications, autoimmune disease, viral infection and the
APOLI gene variant seen in blacks/African Americans. Most reported cases of acute kidney injury (AKI) in COVID-19
infected individuals have been in individuals without prior CKD. In this report, we present a 49-year-old African American
female with a past medical history of chronic kidney disease (CKD) stage 4, hypertension, type 2 diabetes mellitus, recent
COVID-19 infection, and a repeat positive blood test for COVID-19 more than 21 days after the initial result, who presented
with an AKI on CKD. Renal biopsy revealed a collapsing glomerulopathy. She was started on hemodialysis and did not
receive immunosuppressive therapy due to the advanced scaring seen on the renal biopsy. Concerning the pathophysiol-
ogy of COVID-19-associated CG, researchers have postulated different mechanisms such as a direct cytopathic effect of
the virus on podocytes, immune dysregulation, and fluid imbalance. This is one of a few cases of AKI on CKD due to CG
related to COVID-19. The mechanism of CG was, however, unclear. Currently, there is no specific interventions to prevent
the development of CG in patients with COVID-19 infection. Further studies should investigate measures to prevent the
development of CG.

Keywords COVID-19 - Collapsing - Glomerulopathy - Acute - Kidney - Injury

Introduction report serves to increase the awareness 'of COVID-19 asso-
ciated CG in patients with prior kidney disease who present
COVID-19 related acute kidney injury (AKI) occurs due to ~ with an AKI on chronic kidney disease (CKD).
an injury to renal tubular and or renal glomerulus [1-3]. This

is supported by reported histopathological findings from liv-

ing and postmortem kidneys that have shown features of
tubular and or glomerular disease such as collapsing glo-
merulopathy (CG) [4]. Patients who experience such renal
injuries may present with hematuria, proteinuria, oliguria, or
elevated blood pressures [5]. Cases of COVID-19 infection-
related CG in individuals who had traditional risk factors
without any prior kidney disease have been reported. This
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Case report

A 49-year-old African American female with a past medi-
cal history of preserved ejection heart failure, chronic kid-
ney disease (CKD) stage 4, hypertension, type 2 diabetes
mellitus, morbid obesity, and recent COVID-19 infection
(2 weeks prior), was admitted with worsening bipedal swell-
ing and reduced urine production. Despite adherence to
medications, she admitted to elevated home blood pressure
readings, weight gain, and exertional dyspnea. Home medi-
cations included Aspirin, Atorvastatin, Imdur, Metoprolol,
Furosemide, Nifedipine, Potassium chloride, and Magne-
sium citrate.

On physical examination, she looked ill, blood pres-
sure 151/106 mmHg, pulse 91 regular rate and rhythm,
respiratory rate 18, axillary temperature 97.7 °F, and
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Table 1 Basic metabolic profile during admission

Day 0 Day 2 Day 5 Day 7
Sodium (mmol/L) 141 142 141 133
Potassium (mmol/L) 4.1 3.9 3.9 3.6
Chloride (mmol/L) 108 108 102 96
Bicarbonate (mmol/L) 22 22 25 23
BUN (mg/dL) 49 49 66 40
Creatinine (mg/dL) 6.07 5.94 7.17 6.20
BUN/Creatinine Ratio 8 8 9 6
Glucose (mg/dL) 102 93 100 101
Calcium (mg/dL) 8.9 8.3 8.8 8.0
Table 2 Urinalysis on admission, day 0
Color Yellow
Clarity Hazy
Specific gravity 1.015
pH 6.0
Glucose 1+
Ketones 1+
Blood Negative
Nitrite Negative
Protein 3+
Bilirubin Negative
Urobilinogen <2.0
Leukocytes Negative
RBC 5/high power field
WBC 6/high power field
Bacteria None
Mucus Few
Epithelial cells 4/high power field

oxygen saturation of 94% on room air. BMI 67.47 kg/m?
(weight—26.7 kg, height—1.75 m) on admission and BMI
61.4 kg/m? (weight—188, height—1.75 m) before admission.
The rest of the physical examination was unremarkable aside
from bilateral pitting lower extremity edema and mild bi-
basal crackles. Laboratory investigations showed a white
blood count of 8000 cells/ul, hemoglobin of 11.8 g/dl, and
a basic metabolic profile as shown on day 0 in Table 1. The
patient’s baseline Creatinine was between 2.2 mg/dL and
2.4 mg/dL. Serum total protein 6.8 g/dL, Albumin 2.9 g/dL
and normal AST & ALT. BNP was normal and HbAlc was
6.6%. Urinalysis is as shown in Table 2. Chest x-ray revealed
mild interstitial edema, stable cardiomegaly with central vas-
cular congestion. EKG showed left ventricular hypertrophy.
Renal ultrasound showed no hydronephrosis, both kidneys
measured 10 cm in length each and appeared echogenic.
The patient's care was multi-disciplinary and involved the
hospitalist service, cardiology, and nephrology teams. On

@ Springer

day 1, her urine output was 800 ml/24-h and are diuretic was
held. She received a 1 liter slow normal saline fluid chal-
lenge with no improvement in her renal function as shown
on day 2 in Table 1. The fluid challenge was discontinued as
the creatinine level did not improve. Further workup for AKI
showed a fractional excretion of Urea 58.4%, consistent with
intrinsic kidney disease. Urine studies showed nephrotic
range proteinuria, 19 g/g (the previous study 2 years ago
was 2.9 g/g). Serology workup showed a negative HIV test,
ANA, anti-GBM, anti-DS DNA, ANCA, and cryoglobulins.
C3 & C4 were elevated at 270 mg/dL and 83 mg/dL, respec-
tively. A repeat COVID test was positive (>21 days after the
first positive test) with an elevated D-dimer of > 7650 ng/
mL. A kidney biopsy was also performed, with the report
presented below as shown in Fig. la—d (a—Biopsy of the
kidney showing a collapsing lesion with microcystic tubules;
b—Biopsy of the kidney with a silver stain showing a col-
lapsing lesion; c—Biopsy of the kidney showing interstitial
fibrosis under low power; d—Biopsy of the kidney showing
tubular injury with a collapsing lesion). Despite the removal
of all nephrotoxic medications, the patient’s kidney func-
tion continued to decline as shown on day 5. On account
of this continued decline and the refractory fluid overload,
with the associated uremic symptoms, she was started on
renal replacement therapy through a right internal jugular
permcath. Later on, she was discharged to continue hemo-
dialysis as an outpatient since her renal function failed to
recover. She did not receive any immunosuppressive therapy
due to the extensive scaring renal scarring seen on biopsy.

Kidney biopsy report

The kidney biopsy images are as shown in Fig. la—d. On
light microscopy, sections revealed cores of renal tissue,
approximately 80% of which consist of the renal cortex.
Thirty-three glomeruli were present, 19 of which were
globally sclerotic. Five glomeruli showed segmental areas
of capillary loop collapse and sclerosis with overlying podo-
cyte hypertrophy and hyperplasia. Acute tubular injury was
present. Moderate numbers of tubules show microcystic
dilatation. A background of moderate interstitial fibrosis and
tubular atrophy involved an estimated 40% of the submitted
parenchyma. Prominent interstitial inflammation is present.
There was severe fibrous intimal thickening of small arter-
ies and severe hyalinosis of arterioles. A congo red stain for
amyloid was negative. Examination of two Toluidine blue
standard sections prepared for electron microscopy revealed
areas of renal cortex containing one globally sclerotic glo-
merulus. On immunofluorescence, the sections were stained
for IgG, IgM, IgA, C3, Clq, albumin, fibrinogen, and kappa
and lambda light chains. The renal parenchyma submitted
consisted of 30% cortex. Eight glomeruli were presented
for evaluation with four globally sclerotic. There was no
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Fig.1 a Biopsy of the kidney showing a collapsing lesion with
microcystic tubules. b Biopsy of the kidney with a silver stain show-
ing a collapsing lesion. ¢ Biopsy of the kidney showing interstitial

significant extraglomerular staining. Kappa and lambda
stained equally throughout the tubulointerstitium. Ultras-
tructural examination by electron microscopy was not done
as the two prepared blocks showed no intact glomeruli.

Discussion

In this report, we described a case of collapsing glomeru-
lopathy associated with SARS-CoV-2 infection, which pre-
sented as an AKI on CKD. This was an African American
patient with morbid obesity, heart failure with preserved
ejection fraction, and CKD. The CKD had been attributed
to diabetes mellitus and or hypertension.

Research has shown that AKI with electrolyte abnor-
malities is a complication of SARS-CoV-2 infection [1, 6,
7]. The pathophysiology of AKI associated with COVID-
19 infection includes fluid imbalance leading to a prerenal

fibrosis under low power. d Biopsy of the kidney showing tubular
injury with a collapsing lesion

AKI, toxic tubular damage following cytokine release, and
a direct cytopathic effect of the virus [8, 9]10. One of the
common histopathological findings in these acute kidney
injuries is collapsing glomerulopathy. A glomerulopathy
that has been associated with viral infections, autoimmune
conditions, and medications [11, 12]. It has also been associ-
ated with a variant of the apolipoprotein L1 (APOL1) gene
seen in blacks [13].

Post-mortem kidney biopsies via immunohistochemistry
have identified viral proteins from SARS-CoV-2 RNA infec-
tion [14]. This has been equated as evidence of a cytopathic
effect of the SARS-CoV-2 RNA virus on podocytes. It is
postulated that the virus gains entry into the cells using the
angiotensin-converting enzyme II (ACEII) receptor [15] 16.
A receptor that is found in the capillary network of alveoli
and glomeruli epithelial cells [17, 18]. Unfortunately, the
extensive glomeruli scarring in this patient’s biopsy meant
immunohistochemistry for evidence of SARS-CoV-2
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proteins or RNA could not be done, which makes it difficult
to attribute the mechanism of injury in this case to a direct
cytopathic effect. Kidney biopsies have also shown a micro-
cystic tubular dilatation which was seen in this patient’s
biopsy, similar to lesions associated with variants of APOL1
that increases the risk of CG [19, 20].

A dysregulated immune response occurs with SARS-
CoV-2 infection similar to that seen in hemophagocytic syn-
drome [21]. With SARS-CoV-2 infection, an elevated level
of several cytokines has been seen in both asymptomatic
and symptomatic individuals [22, 23]. This patient came in
asymptomatic but later developed a fever, tachycardia with
an elevated D-dimer in the second week of admission, with
a positive COVID-19 test more than 21 days after her initial
result. Thus, elevated levels of cytokines may have contrib-
uted to the CG.

With these mechanisms of injury in mind, one other fac-
tor that may have contributed to the rapid decline in her renal
function is obesity. Obesity has been reported as one of the
demographic factors associated with an AKI in patients who
are infected with SARS-CoV-2. In a retrospective study of
773 patients with COVID-19 infection, morbid obesity was
significantly associated with an increased risk of AKI [24].
Interesting our patient also was morbidly obese and dysregu-
lation of fatty acid and carbohydrate metabolism, oxidative
stress and inflammation are pathogenic factors that may have
contributed to the AKI on CKD [25].

In conclusion, this case report highlights an acute on
chronic kidney disease due to SARS-CoV-2 related glo-
merulopathy. Although the mechanism of injury remains
uncertain, it should be suspected in asymptomatic COVID-
19 infected patients who present with an AKI on CKD or
a rapidly worsening renal function especially if they are
morbidly obese. To date, there is no specific intervention to
prevent the development of CG in patients with COVID-19
infection however for the prevention of AKI, the consensus
report of the 25th acute disease quality initiative (ADQI)
workgroup recommend adequate fluid and hemodynamic
management, and avoidance of nephrotoxic drug exposure
where possible.
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