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Introduction

AKI has been observed in patients infected with the
novel coronavirus severe acute respiratory syndrome
coronavirus 2 that causes coronavirus disease 2019
(COVID-19). Recent studies in the United States have
reported an incidence of AKI in the context of COVID-
19 around 25%-50% of cases requiring hospitalization
(1,2; L. Chan, et al, unpublished observations). Never-
theless, data remain scarce about specific character-
istics of coronavirus disease 2019-associated AKI
(CoV-AKI). Microscopic examination of the urinary
sediment (MicrExUrSed) is a reliable clinical tool of
diagnostic and prognostic value in the assessment of
AKI (3-7). To date, there has been no report compre-
hensively describing findings of MicrExUrSed in speci-
mens from patients with CoV-AKI. We hypothesized
that MicrExUrSed may provide diagnostic information
that could help in elucidating the pathogenic mecha-
nisms of kidney injury in CoV-AKI

Materials and Methods

We conducted a prospective observational study in
patients seen in the inpatient nephrology consultation
service with a diagnosis of Kidney Disease Improving
Global Outcomes AKI stage =1 and positive nasopha-
ryngeal swab test for severe acute respiratory syn-
drome coronavirus 2 RNA over a 1-month period. This
study was an ancillary study of a previously reported
larger cohort of 161 patients with CoV-AKI (1). Because
of concerns of health care worker exposure to infected
patients and rationale use of personal protective equip-
ment (PPE), MicrExUrSed was not systematically pur-
sued as it is routinely done outside the context of
COVID-19. Nevertheless, MicrExUrSed was attempted
whenever there was a suspicion for an intrinsic cause
of AKI that could affect medical management and/or
in clinical scenarios that were confounded by more
than one possible etiology of AKI Thus, in selected
cases, urine specimens were collected and handled
with PPE to perform MicrExUrSed under bright-field,
dark-field, and phase contrast microscopy. At least
three operators inspected each slide. Slides were
assessed for significant presence of white blood cells
(=2+ dipstick, six or more per low-power field
[LPF]), red blood cells (=2+ dipstick, eight or more

per LPE), acanthocytes, granular casts (GCs), renal
tubular epithelial cell casts (RTECCs), and waxy casts
(WxCs). Slides were assigned to a category of acute
tubular injury (ATI) on the basis of either a Perazella
(3,5) cast score =2 or a Chawla (4) cast score =3.
Sternheimer—Malbin stain was used to enhance the
visualization of casts and cells (8). The study was
approved by an institutional board review with
waiver of informed consent, and it was conducted
in accordance with the Declaration of Helsinki.

Results

Among 161 cases of AKI, MicrExUrSed was per-
formed in 20 (12.4%) patients (Table 1). Anuria and
contact precautions related to COVID-19 were barri-
ers to obtain more urine specimens. Eighteen (90%)
patients were black, 13 (65%) were men, and the me-
dian age was 64 (49-88) years. The median serum
creatinine at the time of MicrExUrSed was 4.5 (2.6—
17.8) mg/dl. Seven (35%) patients had nephrotic-
range proteinuria (Table 1). GCs were observed on
17 (85%) cases, of which 16 (80%) had “muddy” brown
granular casts (MBGCs). A median of 5 MBGCs per
LPF (1-20) were found in a median of 40% (10%-95%)
of LPFs (Figure 1). WxCs were found in ten (50%) cases
with a median of two (one to five) per LPF, all of whom
had MBGCs also present. RTECCs were found in four
(20%) cases with a median of one (one to four) per LPF
(Figure 1). Two additional patients were reported by
automated microscopy from the hospital laboratory to
have 6 and 15 GCs per LPF (because they were not
corroborated, those cases were not included in our
cohort). Altogether, ATI score was assigned to 17 of
20 (85%) patients, of which 8 (40%) had AKI attribut-
able to a form of ATI (ischemic [n=>5]: hemodynamic
instability or sustained hypovolemia; toxic [n=2]:
rhabdomyolysis, radiocontrast; or ischemic/toxic [n=1]:
hemodynamic instability and vancomycin) (Table 1).
In addition, three (15%) patients had biopsy-proven
ATI along with collapsing glomerulopathy. Thus, a to-
tal of 11 (55%) patients in the cohort had either clinical
or histologic evidence on ATI matching the MicrExUrSed
ATI findings (11 of 17; 65%). The remaining six patients
with MicrExUrSed findings of ATI had been categorized
as unexplained AKI given the lack of identifiable cause
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Table 1. Demographic and clinical characteristics of patients with coronavirus disease 2019 and AKI with a urinary sediment specimen inspected by microscopy
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CKD was defined per Kidney Disease Improving Global Outcomes guidelines. sCr, serum creatinine; UPCR, urine protein-creatinine ratio; hpf, high-power field; WBC, white blood cell; M, man; ATI,
acute tubular injury; SBP, systolic BP; W, woman; —, undetermined; IV, intravenous.

*Perazella score zero points: zero casts or zero renal tubular epithelial (RTE) cells; one point each: one to five casts per low-power field (Ipf) or one to five RTE cells per hpf; two points each six or more
casts per Ipf or more than six RTE cells per hpf.

PChawla score grade 1: none (no casts or RTE); grade 2: at least one cast or RTE cell cast seen but <10% of Ipf; grade 3: many casts and RTE cell casts seen on >10% but <90% of Ipf; grade 4: sheets of
muddy brown casts, casts, and RTE cells casts seen on >90% of Ipf.

©>10%-50% of 1pf with presence of casts.

9>0%-10% of Ipf with presence of casts.

¢>50% of Ipf with presence of casts.

fSerum creatinine on admission.

8Unknown baseline kidney function.

" Acanthocytes seen.
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Figure 1. | Frequency and characterisitics of urinary sediment (Sedi) findings revealing evidence of acute tubular injury (ATI). (A) Mi-
croscopic examination of the Sedi was performed in a subset of patients with coronavirus disease 2019-associated AKI (12%; 20 of 161).
Findings consistent with AT (as per Perazella and Chawla scores) were found in the majority (85%; 17 of 20). Frequency of coarse granular casts
(GCs) identified either alone or along with waxy casts (WxCs) or renal tubular epithelial cell casts (RTECCs) is shown. (B) Distribution of cases
with ATl cast score (as per Perazella and Chawla scores), significant hematuria, significant leukocyturia, or a combination of those elements. (C)
Representative images of photomicrographs of slides of Sedi specimens examined by microscopy. (Upper left panel) Abundant muddy brown
GCs under bright field at low-power magnification (X10 eyepiece and X10 objective). (Upper center panel) Specimen treated with
Sternheimer—Malbin stain showing numerous (straight and convoluted) WxCs surrounded by small fragmented coarse GCs under bright field at
low-power magnification (X10 eyepiece and X10 objective). (Upper right panel) Convoluted muddy brown GC under bright field at high-
power magnification (X 10 eyepiece and X40 objective). (Lower left panel) Renal tubular epithelial cell casts under bright field at high-power
magnification (X 10 eyepiece and X40 objective). (Lower center panel) Abundant coarse GCs under dark field at low-power magnification (X 10
eyepiece and X 10 objective; zoomed by digital camera additional X10). (Lower right panel) Specimen treated with Sternheimer—-Malbin stain
showing a muddy brown GC under dark field at high-power magnification (X 10 eyepiece and X40 objective).

(Table 1). Of the three cases without MicrExUrSed evidence
of ATI, acanthocytes were found in one patient with pre-
sumptive proliferative endocapillary GN (low complement
C4 and positive antinuclear antibody; patient died without
kidney biopsy). The remaining two cases without MicrEx-
UrSed evidence of ATI had presented with clinical scenarios
suggestive of ischemic (n=1) or ischemic/toxic ATI (n=1).
In terms of cellularity, significant numbers of white blood
cells and red blood cells were observed in ten (50%) and five
(25%), respectively.

Discussion

This is the first detailed report of MicrExUrSed findings
in patients with CoV-AKI. MicrExUrSed has been demon-
strated to be an effective tool to differentiate prerenal AKI
from ATI and to predict outcomes, such as worsening of
AKI and acute need for dialysis (3-7). In our cohort, the
overwhelming majority of findings from MicrExUrSed were
consistent with features of ATI. Because hemodynamic in-
stability related to shock and prolonged volume deple-
tion from malaise and reduced oral intake are common
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components of the clinical course of COVID-19, it is not
surprising that ATI features were dominant. Fair abundance
of coarse GCs and MBGCs was seen in 75% of the cases,
whereas half of the specimens revealed the presence of
WxCs, and a smaller fraction contained RTECCs. Alto-
gether, the entire spectrum of casts associated with ATI
was identified in this cohort. In many cases (11 of 17), the
observed urinary sediment features of ATI either aligned
with a clinical event suspicious for either ischemic or toxic
ATI or were corroborated by biopsy-proven ATI. The latter
was found in three of three patients who underwent kidney
biopsy due to nephrotic-range proteinuria and were found
to have collapsing glomerulopathy along with ATI in the
tissue specimens. Interestingly, in six of six cases in which no
clear cause of AKI could be identified by clinical grounds,
features of ATI were found, thus suggesting that a form of
ATI may also be the etiology of AKI even in those cases
labeled as having unexplained AKI. Our observations are
in agreement with a recent report of postmortem findings
in kidneys from patients deceased with COVID-19 that
revealed ATI as the dominant histopathologic feature in
100% of the cases (9).

It has been suggested that cases of CoV-AKI may present
with high frequency of proteinuria, hematuria, and leuko-
cyturia (10). Furthermore, the term nephritis has been pro-
posed to describe cases of CoV-AKI presenting with those
urinary features (11). From the perspective of MicrExUrSed,
findings that would validate a suspicion for either intersti-
tial or glomerular nephritis include presence of white blood
cell casts, red blood cell casts, or acanthocytes. Neither white
blood cell casts nor red blood cell casts were found in any of
the specimens. The specimen of only one patient revealed
presence of acanthocytes, a patient with positive antinuclear
antibodies and low complement C4, suggesting that the
patient likely had a form of proliferative GN unrelated to
COVID-19. Furthermore, coexisting urine sediment ele-
ments of ATI were found in nine of ten cases of significant
leukocyturia and in four of five cases of significant hema-
turia. In sum, we found no definitive evidence by MicrEx-
UrSed to support the notion that there is a form of nephritis
contributing as a cause of AKI in patients with COVID-19.

As a limitation, it should be noted that our cohort is
likely enriched with cases of intrinsic forms of AKI. Given
the significant concern in rationalizing the use of PPE and
in minimizing health care worker exposure to infected
patients, MicrExUrSed was not systematically attempted
in all cases of AKI. Rather, it was pursued only in cases
where the clinical presentation was not entirely clear for
a defined cause of AKI. Although most cases had clinical
features suggestive of ischemic or toxic ATI, they also had
other confounding factors that stimulated the team of
providers to attempt ascertaining the diagnosis by MicrEx-
UrSed. Some of those confounding factors not characteris-
tic of ATI that prompted MicrExUrSed included exposure
to antibiotics, hypertension, nephrotic-range proteinuria,
and hematuria or pyuria reported by the hospital labora-
tory. Thus, the percentage of patients with CoV-AKI with
MicrExUrSed findings of ATI may be over-represented in
this report.

As new data emerge and further define AKI as a severe
complication of COVID-19, assessment, phenotyping, and
risk stratification of cases of AKI are important steps that

could lead to early optimization of diagnostic interventions
and medical therapies. This report highlights the utility of
MicrExUrSed in the context of COVID-19 to confirm a sus-
picion of ischemic or toxic ATI or to establish a diagnosis of
an intrinsic form of AKI, and it strongly suggests that ATI is
the primary form of AKI in COVID-19.
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