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Abstract:

AKI has been observed as a common problem of coronavirus disease 2019 (COVID-19) on frequent occasions in patients with
moderate to severe disease. These patients showed presence of proteinuria and microscopic hematuria. Outcomes of such
patients are bad with higher mortality and many of those surviving have become dialysis dependent. Kidney biopsy features
show variety of tubular and glomerular involvement with acute tubular injury being a common finding.

Methods: We evaluated clinical features of four patients at our institution who had COVID-19 and AKI, with proteinuria with or
without hematuria and their kidney biopsy findings. We describe clinical presentation, histopathologic findings and further
course of our patients.

Results: This study includes four patients with COVID 19 who had proteinuria and renalimpairment with two requiring dialysis.
We performed kidney biopsy in all four patients. Allkidney biopsies showed acute tubular necrosis. Further, additional features
were seen in 3patients including minimal change disease, pauci-immunecrescentic GN, and focal as well as Segmental
glomerulosclerosis in each patient. In one patient electron microscopy was done to assess ultrastructural evidence of viral
particles and it was negative.

Conclusions: Acute tubular necrosis was found in all our patients who suffered from COVID-19 with acute kidney injury. SARS-
CoV-2 particles were not seen when one kidneybiopsy sample was subjected to electron microscopy.
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Introduction:

Pandemic of severe acute respiratory syndrome coronavirus2(SARS-CoV-2) affected
114.6 million Worldwide causing more than 4 million deaths from the illness of coronavirus19 i.e.

Covid-19. The disease predominantly affects lungs and respiratory airways and ifinvolves heart or

1-3]

kidneys simultaneously; it portends a further bad prognosis Individuals with diabetes,

hypertension and pre-existing kidney disease are at risk of aggressive disease 4-7] various mechanisms
causing kidney injury have been postulated which include ischemia resulting from severe lung injury,
cytokine storm due to increased levels in the circulation of pro inflammatory cytokines and bradykinin;
and lastlySARS-CoV-2 affecting renal parenchyma directly.
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Data of four patients is presented here; all four patients suffered from Covid-19 and had renal
impairment, with proteinuria. Renal presentation was of acute kidney injury or acute kidney disease
with dialysis requiring AKI in two patients. Kidney biopsy was done of all four patients at our centre.
Clinical features, kidney biopsy findings and further course of all four patients were found to quite
diverse as described below.

Case 1:

65 years old female was positive for Covid-19 PCR in January 2021, for which she was hospitalized and
treated. Then in February last week she again developed shortness of breath, Her HRCTchest showed
ground glass opacities with CT score of 22/25.She was hospitalized and was treated as covid pneumonia.
Again March 3 ™ week she had respiratory symptoms and she received treatment as percovid protocol.
She developed bleeding per rectum, oliguria. And she had severe anemia and renal failure. She was
started on haemodialysis and received two units blood transfusion. She came to us on 14 * May 2021.
She had complaints of dyspoea on exertion, reduced urine output, vomiting, malena and bleeding per
rectum since one week. There was no history of rash or hemoptysis. Physical examination revealed mild
dehydration, tachypnoea and normal blood pressure of 120/80mmHg. She did not have peripheral
edema and her systemic examination was unremarkable.

Investigations:

Haemogram showed value of haemoglobin to be 7.2 g/dL (11.5-13.5 g/dL), white cell count of 13000/ mm3
(4500-11000/mm3) and platelet count of 141 000/mm3 (150 000—450000/mm3). C reactive protein value
was normal. Serum sodium was 128mmol/L (135-145mmol/L) and potassium was 2.0mmol/L (3.5-5.1
mmol/L). Kidney function test showed Blood urea of 116 mg/dL (<48 mg/dL) and serum creatinine was 4.1
mg/ dL (0.26-0.42 mg/dL) with estimated glomerular filtration rate (eGFR) of 11.15 ml/min/1.73 m?2. Serum
uric acid level was 4.5 mg/dL (2.7-7.3 mg/dL), serum phosphorus level was2.1 mg/dL (2.8-4.5 mg/dL) and
calcium was 8.2 mg/dL (8.6—10.3 mg/dL). Urinalysis showed proteinuria, microscopic hematuria and UPCR
(g/gCr) was 2.62.Ultrasound abdomen showed bilateral lyechogenic kidneys with cortico medullary
differentiation maintained. Her upper Gl endoscopy, colonoscopy and capsule endoscopy showed no active
bleeding, ulcer, abnormal vessel or obvious mass. Her antinuclear antibody (ANA) and double stranded
DNA (DsDNA) were negative. Her ANCA results were obtained and she was found to be cANCA positive
with negative pANCA. After stabilization her kidney biopsy was done. Kidney biopsy showed acute tubular
necrosis of moderate grade with mild IFTA of 10%. In addition it showed pauci-immune crescentic
glomerulomnephritis. 56% of glomeruli had cellular crescents in and44% of glomeruli had fibro cellular
crescents. So, kidney biopsy features were consistent with cANCA positivity, and granulomatosis with
polyangiitis (GPA). Her previous respiratory involvement was likely fleeting pulmonary infiltrates which was
considered to be due toCovid-19 and so was treated with IV methyl prednisone, to which she had
responded.
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Figurel: Kidney biopsy showing pauci immune crescentic glomerulonephritis, findings consistent
with cANCA positivity and acute tubular injury with mild IFTA - 10%.

Case 2:

32 year old male was known case of Coronary artery disease with LBBB in ECG and related hyperkinesias
with reduced left ventricular ejection fraction. He presented with abdominal pain,

swelling all over body and reduced urine output. He had no history of fever. Physical examination revealed
pallor, tachypnoea and blood pressure of 120/80mmHg. He had Peripheral edema and respiratory
examination revealed bilateral basal rales and abdominal examination revealed tender hepatomegaly.

Investigations:

Biochemical examination on admission revealed haemoglobin of 10.6g/dL, white cell count of 7.3x10 °
/land platelet count of 234 K/ul. KFT revealed blood urea 145mg/dl and serum creatinine of 8.7 mg/dl and
GFR of 7.25ml/min/1.73m 2. Sr. sodium was 128 mmol/Land Sr potassium was 5.2mmol/L, uric acid level
8.3mg/, serum phosphorus 5.1mg/dLand calcium was 8.9 mg/dL. Urinalysis showed proteinuria,
microscopic hematuria and UPCR(g/gCr) was 1.67. Ultrasonography (US) demonstrated and bilaterally
echogenic kidneys with cortico medullary differentiation maintained. His antinuclear antibody(ANA) and
double stranded DNA (DsDNA), cANCA and pANCA were negative. After stabilization his kidney biopsy was
done. Next day, he developed hypoxia so his RT-PCR was repeated and came to be positive. HRCT chest
revealed bilateral ground glass opacities with CT score of 9/25. Creactive protein was 27 mg/L(0.3 to 10
mg/L), serum ferritin was 362ng/mL(0 to 250 ng/mL)and D dimer was 1967(< 0.50). He was treated for
Covid-19 and haemodialysis continued. After 3 more sessions of dialysis on alternate days, his urine output
gradually improved. His kidney biopsy showed 9 glomeruli, all normal by light microscopy and severe acute
tubular injury (ATN) with cellular and necrotic debris in tubules. Interstitium was edematous with
mononuclear cellin filtrate. His serum creatinine came down tol.2mg/dland was discharged. He is under
follow up and 6 weeks post discharge his UPCR is 0.12 and serum creatinine is 0.8mg/dI.
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Figure 2: Kidney biopsy of case 2 showing severe acute tubular injury (ATN).
Case 3:

23 year old male was treated for Covid-19 in April 21, he was RT-PCR positive and had CT score of 7/25.
He came to us after 5 weeks with complaints of swelling all over body and reduced urine output.
Physical examination revealed normal blood pressure. He had puffiness of face and bilateral lower limb
edema. Systemic examination was unremarkable.

Investigations:

Biochemical examination on admission revealed haemoglobin of 10.5g/dL, white cell count of
7.3x109/Land platelet count of 314K/uL. KFT was normal with blood urea of 37mg/dL, serum creatinine

of 1.1mg/dLand, eGFR of 94.12mL/min/1.73m2. Sr sodium was 128mmol/L and potassium was 4.8
mmol/L. Uric acid level was 6.1 mg/dL , phosphorus level was 3.7mg/dLand calcium was 9.2md/dL.
Urinalysis showed presence on albumin ndipstick and UPCR of 2.96. Ultrasound abdomen showed
bilaterally echogenic kidneys with corticomedullary differentiation well maintained. His kidney biopsy
was done and itshowedfeatures of minimal change disease with mild mesangialhypercellular variant.
Mild ATN was also seen. He is started on oral corticosteroids.
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Figure 3: Kidney biopsy of case 3 showing features suggestive of minimal change disease with mild
mesangialhypercellularity variant.
Case 4:

55 year old male, known case of hypertension was treated for Covid in February21,he was RT-PCR
positive and had CT score of 10/25.

Investigations:

Biochemical examination on admission revealed haemoglobin of 11.4g/dL, white cell count of
SX109/L.1000/mm3 and platelet count of 21K/uL. He had renal impairment with blood

Urea and creatinine of 46mg/dL and 2.4mg/dL respectively and eGFRof29.27 mL/min/1.73m2.Sr sodium
was132mmol/Land potassium was 4.2mmol/L. His serum uric acid, phosphorus and calcium levels were
within range and were 5.6mg/dL, 4.1mg/dLand9.3 mg/dL respectively. Urinalysis showed proteinuria,
microscopic hematuria and UPCR(g/gCr) was 1.01. Ultrasonography (US) demonstrated and bilaterally
echogenic kidneys with corticomedullary differentiation maintained. His antinuclear antibody(ANA) and
double stranded DNA(DsDNA), cANCA and pANCA was negative. In the fifth week postcovid when serum

creatinine was still 1.9 with eGFR 38.82mL/min/1.73m2 kidney biopsy was performed. Biopsy showed
features suggestive of Focaland Segmental Glomerulpathy with global sclerosis in isolated glomeruli. In
addition, features of focal acute tubular injury and benign hypertension were noted. He is under follow up
and is treated as chronic kidney disease.
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Figure 4: Kidney biopsy of case 4 showing Focal & Segmental Glomerulosclerosis - NOSType with Focal

Acute Tubular Injury and changes of Benign Hypertension.

Table 1:

Data of four patients with COVID_19 and AKI, includes demographic details, relevant clinical

information, further progress and kidney biopsy findings

Clinical Data Patient Number
1 2 3 4
Age 65 32 23 55
Sex Female Male Male Male
DMII/HTN present HTN Nil Nil HTN
Admission Scr, mg/dl 41 8.7 1.1 2.4
Proteinuria, g/d 2.62 1.67 2.96 1.01
Hematuria Present Present Absent Present
Relevantserologies/laborato | cANCA positive - - -
ry values
Vasopressor requirement Nil Nil Nil Nil
Highest Sr| 12.4 8.7 1.3 2.4
Creatinine(mg/dl)
Additional contributors of | No ARBS No InjArachitol
AKI (other than COVID-19)
Kidney size, cm, L,R 9.6,9.4 11.2,10.9 11,11.3 10.2, 10.5
Reason for kidney biopsy HD requiring | HD requiring | Nephrotic range | Severe AKI &
acute kidney | AKI & | proteinuria significant
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disease proteinuria proteinuria
&proteinuria
Post Biopsy complications Perinephric Nil Nil Nil
hematoma
Kidney biopsy diagnosis PauciimmuneCres | Severe ATN MCNS- Mild | FSGS plus
centic mesangialhyper | mild ATN
Glomerulonephrit cellular variant&
is, ATN & mild mild ATN
IFTA 10%
Renal consequence Dialysis Dialysis Improved with | Kidney
dependent required but | corticosteroids | function
complete improved
renal partially but
recovery CKD
achieved

Discussion:
Initial information of COVID-19 publicized a low incidence of acute kidney injury (0.5%—-15%).Conversely as
data about disease advanced it was comprehended that AKI occurrence was much higher. Hirsch etal.

8.Para|le|

established the incidence of aki to be37% after reviewing health records of close to 5000 patients
findings were achieved by Moledina etal when they compared patients who tested negative with positive
patients for COVID-19 who had more AKI (30.6%vs18.2%; absolute risk difference,12.5%[95%Cl,10.6%-
14.3%]) and dialysis requiring AKI(8.5%vs3.6%) and rates of recovery from AKI were found to be lower
(58%vs69.8%). Cause of kidney injury may include a direct effect of COVID- 19 on the kidney or other 19 on
the kidney or other unmeasured mediators 9. Kidney injury in patients of Covid-19 is multifactorial and
causes range from pre-renalazotemia, ATN due to ischemia or toxins and various types of glomerular
involvement.

There is data of autopsy findings in 26 patients by Su H et al who had COVID-19 and AKI. This series has
reported that 9 out of these 26 patients had acute tubular injury with some showing frank necrosis. Also,
they have noted direct viral infection of kidney as evidenced by ultrastructual and immune histochemistry
studies °Larsen CP etal reported first kidney biopsy in a living patient who was a black woman with CKD,
she developed dialysis requiring AKI and her biopsy showed features of collapsing GN and endothelial
tubule reticular inclusions 1! . As per Rossi G M etal and Peleg Yetal the most common outcome on kidney
biopsy with COVID-19 has been collapsing glomerulopathy >3, Conversely in clinical practice, ATN seems
to be the most common cause

of AKI. All four kidney biopsies showed tubular injury of varying degree, frequently with frank

tubular epitheilial necrosis, variable hyaline droplet changes or lumen filled with cellular debris. All of them
were hemodynamically stable. In addition, the severity of Covid-19 infection of all patients was of mild
degree with low oxygen requirement. Our findings are consistent with those by Puelles et al as possible
mechanisms are intriguing and can be due to renal tropism of SARS-CoV-2 as have been suggested by some
studies 4. Acute tubular necrosis found in all four patients of our series was elicited by ischemia with other
possibilities being toxic sepsis associated state, ACE2 inhibition and antibiotics usage. Of four, only one
patient had features of FSGS. Another patienthad findings of pauci-immune crescentic GN consistent with
her positive ANCA serology; she never suffered symptoms suggestive of vasculitis prodrome before
suffering from Covid-19. Her renal parameters, urine output and other systemic symptoms stabilised with
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haemodialysis and corticosteroids.

Our findings are consistent with other studies asCOVID-19 affects the kidneys with variety of tubular and
glomerular involvement. Acute tubulat necrosis the most shared kidney biopsy feature in all our patients.
However, there was no collapsing glomerulopathy in any patient as seen inother case series #1315 We
searched literature about vasculitis in these patients which mentions it as rare and can be a result of
“second hit” triggers in patients with predisposition °. Although hematuria and proteinuria is present in all,
ATN is present in all kidney biopsy findings. Cause of ATN was identifiable in two and in others etiology
could not be pointed out. Covid-19 is a inflammatory state associated with cytokine storm. Also, it is known
to unmask conditions like ANCA vasculitis. Suggestion of significant viral presence in the kidney tissue by
ultrastructural examination was not found in single patient in whom electron microscopy was done, which
as per literature may suggest again that direct viral infection is not the main cause of acute kidney injury in
those with active Covid-19.
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