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ABSTRACT

Coronavirus disease 2019 (COVID-19) is an ongoing pandemic that to date has spread to >100 countries. Acute kidney injury
is not uncommon with this disease. The most common kidney biopsy finding is acute tubular injury. Glomerular diseases
such as collapsing glomerulopathy and vasculitis, and thrombotic microangiopathy have been reported. Viral inclusion
particles with distinctive spikes in the tubular epithelium and podocytes, and endothelial cells of the glomerular capillary
loops, have been visualized by electron microscopy by some but disputed by others as non-viral structures. Interstitial
infiltrates have not commonly been described in the published kidney biopsy series from patients with COVID-19.
Medications used to treat COVID-19 can lead to interstitial nephritis, but very few have been reported. In summary,
interstitial kidney disease is a rare finding in COVID-19.
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CASE VIGNETTE

A 59-year-old male with a past medical history of hypertension,
coronary artery disease presents with cough and shortness of
breath. Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection is confirmed. In 24 h, he gets intubated for
worsening pulmonary function. Within 8 h of intubation, acute
kidney injury (AKI) ensues. He is on steroids and tocilizumab.
He is started on remdisivir, Vitamin C and pantoprozole as well.
Within the next 24 h, he requires kidney replacement therapy.

Coronaviruses (CoVs) are enveloped, single positive-stranded
RNA viruses, which belong to the subfamily Coronavirinae. CoVs
have long been recognized as causative agents in self-limited up-
per respiratory tract infections affecting humans [1] and can be
divided into low pathogenic and highly pathogenic CoVs [2]. The
low pathogenic CoVs account for 10–30% of upper respiratory
tract infections and typically cause mild respiratory diseases [3].

In contrast, the highly pathogenic CoVs, known as novel
coronavirus (nCoV), including SARS, Middle East respiratory
syndrome (MERS) CoV and the more recent 2019-nCoV or SARS-
CoV-2 predominantly infect lower airways and cause fatal
pneumonia [4]. These three highly pathogenic b-CoVs have
posed a substantial threat to public health.

SARS-CoV was first described as a new human infection in
Guangdong province, China in 2002 (World Health Organization
2020) and ended in July 2003. It infected 8096 people and caused
774 deaths with an overall mortality rate of about 9.6% [5, 6].
According to the National Health Service, no new cases of SARS-
CoV infection have been reported in humans since 2004 [7].

MERS CoV was first identified in Jordan in 2012 (World
Health Organization 2019) and has caused a total of 2494
laboratory-confirmed cases and 858 deaths from 27 countries
(mortality rate, 34.4%) since September 2012 [8]. In addition,
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MERS is still considered to be an ongoing epidemic but appears
to be limited to its area of origin [8, 9].

SARS-CoV-2/coronavirus disease 2019 (COVID-19) is an ongo-
ing pandemic that to date has spread to >100 countries (World
Health Organization 2020). The estimated case fatality rates
(CFRs) for COVID-19 are to be around 2.3% [10]. Nonetheless, de-
spite its lower CFR, COVID-19 has now caused orders of magni-
tude more deaths than SARS and MERS combined [11].

Viral nephropathy may be caused by viruses themselves or
virus-induced immune mechanisms. This article summarizes
current evidence on tubulointerstitial kidney disease during
CoVs infection.

AKI IN CoV INFECTION
Epidemiology

Kidney involvement of human CoV was noticed when the SARS-
CoV epidemic occurred in the early 2000s. AKI was reported in
6.7% of 536 patients with SARS-CoV [12] and was an independent
risk factor predicting mortality [13] SARS-CoV patients developed
AKI at a median duration of 20 days from the onset of viral infec-
tion [14]. The detection of polymerase chain reaction fragments
of coronavirus in urine from 21% to 50% of SARS patients be-
tween the second and the third week of the viral infection im-
plied a possibility of kidney tropism of the CoV [15].

AKI appears to be frequent in the context of MERS. In a Saudi
cohort, 30 out of 70 MERS patients (42.9%) developed AKI during
the course of their illness [16]. Among critically ill MERS
patients, AKI was reported to develop in 75% of them [13, 17].
Progressive impairment of renal function and AKI start 9–
12 days after symptom onset among MERS patients, compared
with a median of 20 days for SARS patients [12, 17, 18]. However,
despite the presence of viral particles in renal proximal tubular
epithelial cell, no evidence of concurrent tubulointerstitial
nephritis was identified [19].

AKI is a frequent complication of SARS-CoV-2 (Table 1) and
is associated with mortality especially when dialysis is required
[20–48].

Assessment of data from major published cohorts on
COVID-19, combining results from intensive care unit (ICU)
admissions with non-ICU admission, reveals an overall AKI in-
cidence of around 4.2% [32, 42, 49–52]. Among the non-
survivors, the incidence of AKI is �30% and renal replacement
therapy (RRT) is required in 19.5%. Comparatively, in the SARS
outbreak in 2003, the incidence of AKI was around 6.7% and
multivariate analysis showed AKI as a significant independent
risk factor for predicting mortality [relative risk: 4.057; 99%
confidence interval (CI): 1.461–11.27; P< 0.001] [12].

In China, the reported incidence of AKI in hospitalized patients
with COVID-19 ranged from 0.5% to 29% [31, 32, 35, 53] and oc-
curred within a median of 7–14 days after admission [31, 53].

Studies from the USA have reported much higher rates of
AKI. In a study of nearly 5500 patients admitted with COVID-19
in a New York City hospital system, AKI occurred in 37%, with
14% of the patients requiring dialysis [39]. About one-third were
diagnosed with AKI within 24 h of admission in this study. Of
note, these rates are much higher than those reported during
the SARS-CoV epidemic [12]. AKI occurred at much higher rates
in critically ill patients admitted to New York City hospitals,
ranging from 78% to 90% [19, 37–39, 54]. Of 257 patients admitted
to ICUs in a study from New York City, 31% received RRT [38].

In a multicentre cohort study of 3099 critically ill adults with
COVID-19 admitted to ICUs at 67 hospitals across the USA, AKI-

RRT is common among critically ill patients with COVID-19
(20.6%) and is associated with a hospital mortality rate of >60%.
Among those who survive to discharge, 33.8% still depend on
RRT at discharge and 18.1% remain RRT dependent 60 days after
ICU admission. Patient-level risk factors for AKI-RRT included
chronic kidney disease (CKD), men, non-White race, hyperten-
sion, diabetes mellitus, higher body mass index, higher D-dimer
and greater severity of hypoxaemia on ICU admission.
Predictors of 28-day mortality in patients with AKI-RRT were
older age, severe oliguria and admission to a hospital with fewer
ICU beds or one with greater regional density of COVID-19 [40].

In an observational retrospective cohort study including
9657 patients admitted with COVID-19 limited to the New York
metropolitan area during the peak of the COVID-19 pandemic
(between 1 March 2020 and 27 April 2020), AKI in hospitalized
patients with COVID-19 was associated with significant risk for
death. Among patients with AKI Stages 1–3 who survived, 74.1%
achieved kidney recovery by the time of discharge. Among
those with AKI receiving dialysis who survived, 30.6% remained
on dialysis at discharge, and pre-hospitalization CKD was the
only independent risk factor associated with needing dialysis at
discharge (adjusted odds ratio: 9.3; 95% CI: 2.3–37.8) [41].

Spectrum of renal pathologic abnormalities during
SARS-CoV-2 infection

Case reports and autopsy series have revealed that most
patients with COVID-19-associated AKI have evidence of promi-
nent acute tubular necrosis and diffuse erythrocyte aggregation,
specific dysfunction of the proximal tubules (loss of the brush
border, intratubular debris and reduced expression of the
endocytosis receptor megalin in the brush border), endothelial
damage and capillary occlusions, tubules and glomerular com-
plement complex deposit [55–59]. More recent findings support
SARS-CoV-2 kidney tropism. A higher SARS-CoV-2 viral load in
urine sediments from COVID-19 patients correlated with in-
creased incidence of AKI and mortality [60]. A mild associated
interstitial infiltrate may be present [60]. Other biopsy findings
have included collapsing glomerulopathy associated with
African ancestry and a high-risk APOL1 genotype [59, 61, 62],
thrombotic microangiopathy and diverse underlying kidney dis-
eases [56, 59, 63–65]. Kidney infarction has also been reported
[66] (Table 2).

Viral inclusion particles with distinctive spikes in the tubular
epithelium and podocytes, and endothelial cells of the glomeru-
lar capillary loops, have been visualized by electron microscopy
[57, 58, 67] and may support this possibility, although the
clinical significance of this remains unknown [68, 69].

The demonstration of lymphocytic endothelialitis in the
kidney, in addition to viral inclusion particles in glomerular cap-
illary endothelial cells, suggests that microvascular dysfunction
is secondary to endothelial damage [67]. Other potential etiolo-
gies of AKI common to critical illness presentations, including
acute respiratory distress syndrome, rhabdomyolysis, volume
depletion and interstitial nephritis, all remain relevant in
patients with COVID-19 [70].

Acute tubulointerstitial nephritis during SARS-CoV-2
infection

Acute interstitial nephritis (AIN) is not a rare cause of AKI but it
remains a Cinderella among other causes, being underrecog-
nized and underdiagnosed despite the fact that it is a serious
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reversible disease that can cause CKD and end-stage renal dis-
ease . The same probably applies to COVID-19.

AIN is a disease of tubular dysfunction with insidious onset
that usually starts as non-oliguric acute renal failure with signs

of tubulointerstitial damage that are present but rarely domi-
nate, therefore high clinical suspicion is necessary for timely di-
agnosis at its reversible stage and early treatment that highly
impacts its outcome.

AIN, as one of the differential diagnoses of kidney injury in
COVID-19 patients, should therefore be important part of the
equation when deciding on medications including steroids.

Although AIN remains uncommon during COVID-19 infec-
tion (Table 3) [64, 71–74], several mechanisms may explain such
findings (Figure 1).

Specific interstitial infiltration. Interstitial infiltrates have not
commonly been described in the published kidney biopsy series
from patients with COVID-19 [56, 58, 63].

SARS-CoV-2 has been detected in a kidney allograft [71]
associated with a mononuclear cell infiltrate, indicating that
the virus is able to enter renal parenchyma and may cause
interstitial nephritis. Recent post mortem histopathological
analyses showed positive immunostaining with SARS-CoV
nucleoprotein antibody in tubules, which supports these find-
ings [57].

It is important to pay attention to low molecular weight
proteinuria (Pu) and ionic disorders, as they precede AKI and
tubulointerstitial involvement [75].

Werion et al. [76] established that SARS-CoV-2 causes spe-
cific manifestations of proximal tubule dysfunction as attested
by low molecular weight Pu (70–80%), neutral aminoaciduria
(46%) and defective handling of uric acid (46%) or phosphate
(19%), but not of glucose, corresponding to a partial renal
Fanconi syndrome. Proximal tubule dysfunction was indepen-
dent of pre-existing comorbidities, nephrotoxic medications or

Table 1. Incidence data on AKI in COVID-19 patients [20–48]

Ref. City/country Patients, n AKI (%) RRT (%) Mortality

[23] Wuhan 116 0 4 NR
[27] Wuhan 99 3 9; 39 in ICU NR
[28] Wuhan 138 4; 8 in ICU 2; 6 in ICU NR
[29] Wuhan 333 11; 43 in ICU 3 in ICU 57%
[30] Wuhan 701 5 NR 34%
[20] Wuhan 41 7; 23 in ICU 7; 23 in ICU NR
[31] Wuhan 274 11 1 NR
[9] Wuhan 191 15 5 NR
[32] Wuhan 52 29 17 NR
[33] Wuhan 102 20 6 NR
[35] China 1099 0.5; 6 in ICU 0.8; 12 in ICU NR
[36] Jiangsu 80 3 1 NR
[21] New York 5700 24 4 NR
[37] New York 1000 34; 78 in ICU 14; 35 in ICU NR
[38] New York 257 NR 31 NR
[39] New York 5449 37; 76 in ICU 23 in ICU 35% with AKI died (6% in non-AKI)

55% with RRT died
[43] New York 3235 43; 68 in ICU 45% with AKI died (7% in non-AKI)
[40] New York 3099 20.6 63.3%
[41] New York 9657 39.9 6.6 46.4% in AKI Stages 1–3 group

79.3% in AKI dialysis-dependent group
[42] Washington 21 19 NR NR
[44] Louisiana 575 28; 61 in ICU 15; 73 in ICU 50%; 72% in patients on RRT
[45] USA 2215 43 20 NR
[46] UK 10 547 NR 27 57%
[47] France 71 80 18 7%
[48] France 100 81 16 35% with AKI (5% in non-AKI)

NR, not reported.

Table 2. COVID-19-associated kidney disease [57, 60, 65, 66, 67]

Acute tubulointerstitial injury
Acute tubule epithelial damage of varying degrees
Acute damage of the proximal tubules
Systemic capillary leak syndrome
Interstitial edema and/or nephritis

Glomerular disease
� Podocytopathy:
Minimal change disease
Collapsing focal segmental hyalinosis in African ancestry patient
with high-risk APOL1 genotype
� Endotheliopathy:

TMA
� Others:
Membranous nephropathy, crescentic GN (ANCA vasculitis and
anti-GBM), IgA nephropathy and lupus nephritis
Small fibrin thrombi in the glomerular capillaries consistent with
disseminated intravascular coagulation

Miscellaneous
Myoglobin cast nephropathy
Oxalate nephropathy
Renal cortical necrosis
Renal infarction
Renal artery stenosis

ANCA, anti polynuclear neutrophil cytoplasmic antibodies; GBM, glomerular base-

ment membrane; GN, glomerulonephritis; TMA, thrombotic microangiopathy.
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viral load. At the structural level, kidneys from patients with
COVID-19 showed prominent tubular injury, including in the
initial part of the proximal tubule, with brush border loss, acute
tubular necrosis, intraluminal debris and a marked decrease in
the expression of megalin in the brush border [76]. Among fea-
tures of proximal tubule dysfunction, hypouricaemia with inap-
propriate uricosuria was independently associated with disease
severity and with a significant increase in the risk of respiratory
failure requiring invasive mechanical ventilation. The molecu-
lar mechanisms accounting for such specific defects remain
unknown [76].

Even though studies argue against SARS-CoV-2 nephropathy
[77], we know that there are many cases of AIN caused by
infections remote to the kidney (Legionella, leptospirosis and
streptococcal organisms), and that might also be a case with

SARS-CoV-2. Finding virus or its particles within kidney does
not necessarily mean direct clinical–pathological connection
with AKI, and vice versa.

Drug-induced AIN

Medication-induced nephrotoxicity is a relatively common
cause affecting the tubulointerstitial compartment [78, 79].
However, despite patients with severe COVID-19 in the ICU
likely receive multiple medications, drug-induced AIN remains
uncommon in this setting.

Only case reports of drug reaction with eosinophilia and
systemic symptoms syndrome associated with hydroxychloro-
quine or azithromycin [80] and a drug-induced granulomatous

Table 3. AIN and COVID-19

Ref. Study (age, gender) Presentation Pathological finding Outcome related to AIN

[73] Case report
69 years, M

AKI Interstitial mononuclear
cell infiltrate

Mild acute tubular damage
No cellular or antibody-mediated

rejection
Positive RNA SARS-CoV-2 in

tubular cells and interstitium

MMF paused
Hydrocortisone administered
SCr return to baseline level

[74] Case report
62 years, M

AKI requiring CVVHDF
Minimal Pu
Microscopic Hu

ICU
Methylprednisolone
Kidney function improved

(43 mL/min)
No longer required dialysis

[75] Case series
47 pts, 80.9% M

AKI Mononuclear cell infiltration
(80% of cases); CD3þT and
CD68þmacrophages

NA

[76] Case series
13 pts, 92.3% M

AKI
Nephrotic-range Pu

Diffuse interstitial infiltration in
8/13 cases but no isolated case of AIN

NA

[66] Case series
17 pts, 47.1% M

AK
Nephrotic-range Pu

FSGS, ATI and AIN in 3/17 patients NA

M, male; pts, patients; ATI, acute tubular injury; FSGS, focal segmental glomerulosclerosis; MMF, mycophenolate mofetil; SCr, serum creatinine; CVVHDF, continuous

veno-venous haemodiafiltration; Hu haematuria; NA, not available.

Virus tropism/invasion of kidney?
Virus induced immune mechanisms? Drug-induced AIN

Other condi�ons 
associated with SARS-
CoV2 leading to AIN

SARS-CoV2 SARS-CoV2

Direct effect Indirect effect

FIGURE 1: AIN during SARS CoV2 infection: mechanisms
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AIN [72] have been reported in patients with COVID-19, with a
good response to corticosteroid therapy.

Furthermore, specific therapeutic treatments for COVID-19
itself such as the use of antiviral agents can potentially induce
tubulointerstitial diseases [81–84].

Thus, treatment-related complications need to be consid-
ered when determining the etiology of AKI.

Other disease-associated AIN

Several diseases reported to be associated with COVID-19, such
as secondary haemophagocytic lymphohistiocytosis [85]
and autoimmune haemolytic anaemia [86–88], can induce AIN
[88, 89].

CONCLUSION

In summary, even though ATN probably remains the most fre-
quent cause of AKI in clinical settings like COVID-19, and proof
of viral replication in human kidney cells remains to be con-
firmed, one should not forget that it is often hard to differenti-
ate it from AIN that must be one of our differential diagnoses.
Besides numerous medications used for COVID-19, AIN in that
setting might also be caused not only through direct pathogen
invasion of the kidney, but also through different immunologic
mechanisms.
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