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The outbreak of coronavirus disease 2019 (COVID-19) has rap-
idly evolved into a global pandemic. Acute kidney injury (AKI)
is common among critically ill patients with COVID-19, affect-
ing ~20% according to experience in Europe [1]. Studies have
described outcomes of patients with AKI secondary to COVID-
19 [2], but information characterizing patients with subsequent
AKT is limited.

The cause of kidney involvement in COVID-19 is likely to
be multifactorial, with cardiovascular comorbidity and predis-
posing factors (e.g. sepsis and nephrotoxins) as important con-
tributors. However, tubular damage is universal and has been
linked to the cytopathic effects of kidney-resident cells and cy-
tokine storm syndrome [3, 4]. Increased proteinuria upon ad-
mission has been reported in >40% of COVID-19 cases [2], but
proteinuria has been measured semiquantitatively using urine
dipsticks and quantitative assessment of proteinuria has not
been reported.

Urinary tissue inhibitor of metalloproteinases-2 (TIMP-2)
and insulin-like growth factor binding protein 7 (IGFBP7)
have been implicated in G;-phase arrest in renal tubules [5] and
may serve as early indicators of acute kidney stress, but their
value in COVID-19 is untested. Accordingly, we sought to eval-
uate the incidence of AKI and its association with urinary bio-
markers in hospitalized COVID-19 patients.

This is an initial report of an ongoing prospective, observa-
tional, single-centre study started on 21 April 2020
(Supplementary data). Adults admitted to the University
Hospital of Giessen and Marburg, Giessen, Germany diagnosed
with COVID-19 according to World Health Organization crite-
ria were eligible. Patients were excluded if they had Stage 5

chronic kidney disease [6], if they received maintenance dialysis
or if they were recipients of a solid organ transplant. The study
protocol was approved by the local ethics committee (AZ 58/
20) and complied with the Declaration of Helsinki. Participants
provided written informed consent but, if incapable, legally au-
thorized representatives did so. The study was registered at clin-
icaltrials.gov (NCT04353583).

The primary outcome was AKI incidence during hospitali-
zation. AKI was diagnosed using full Kidney Disease:
Improving Global Outcomes criteria [7], by incorporating
baseline serum creatinine (SCr) levels and by correction of
SCr levels for fluid balance (if available) (Supplementary data,
Methods). AKI reversal was defined as the absence of any
stage of AKI based on SCr or urine output within 7 days after
admission [8]. Spot urine samples were collected upon hospi-
tal admission and 12, 24 and 48 h after admission. Values (in
mg/g creatinine) >150, >30 and >20 were considered as in-
creased for proteinuria, albuminuria and tubular proteinuria
(ol-microglobulin), respectively [6]. Urinary [TIMP-
2]¢[IGFBP7] >0.3 and >2 (ng/mL)z/ 1000 were taken for AKI
risk stratification [5]. The renal resistive index (RRI) was
measured upon admission. Assessments (including laboratory
methods and statistical analyses) are described in detail in the
Supplementary data.

Twenty-three patients (median age 60.0years; 82.6%
male) with severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection were included (Supplementary data,
Figure S1). Eleven (47.8%) were admitted to isolation wards
and 12 (52.2%) were transferred to the intensive care unit
(ICU) due to respiratory failure secondary to acute
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FIGURE 1: Time course of proteinuria, albuminuria, urinary o1-microglobulin excretion and urinary [TIMP-2]«[IGFBP7] categorized by
AKI. Horizontal lines indicate the levels of non-physiologic concentrations [5, 6]. Biomarker values highlighted in pink indicate those patients
who progressed from Stage 1 to Stage 2-3 AKI. P-values show the empirical significance of the mean difference between groups adjusted for
time trends, from generalized linear mixed models (Supplementary data, Methods). Fitted models are indicated by a line showing the condi-
tional means and grey areas represent the approximate 95% confidence intervals of conditional mean values.

respiratory distress syndrome, with 3 requiring non-invasive
ventilation and 9 mechanical ventilation.

Twelve (52.2%) patients developed Stage 1 AKI at a median
of 4 (range 2-6) days post-admission (Supplementary data,
Table S1). Ten of 12 cases with AKI were treated in the ICU.
AKI was diagnosed and staged according to positive SCr criteria
for AKI and correcting the SCr level for fluid balance in ICU
patients did not impact AKI staging. Seven (58.3%) patients ex-
perienced AKI reversal <7 days after admission. Among five
patients with AKI non-reversal, one progressed from Stage 1 to
Stage 2 and four progressed from Stage 1 to Stage 3 at a median
of 10.0 (range 8-11) days post-admission as a sequel to septic
shock; three required renal replacement therapy (RRT) but
died.

Comorbidity was more common among patients who subse-
quently developed AKI compared with those who did not.
Higher white blood cell count and levels of C-reactive protein,
interleukin-6, ferritin and D-dimer were noted upon admission
for AKI versus non-AKI patients. Patients with subsequent AKI
had lower kidney function compared with those who did not
develop AKI, with a marked difference when using the creati-
nine-cystatin C equation for estimating glomerular filtration
rate {37.5 [95% confidence interval (CI) 20.0-95.0] versus 84.0
[59.0-128.0] mL/min/1.73 mz}. Nineteen patients (82.6%; all
male) exhibited increased proteinuria independent of subse-
quent AKI, whereas the remaining four patients with
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physiologic proteinuria (<120 mg/g creatinine) were female.
Proteinuria was higher in AKI versus non-AKI patients [442.0
(95% CI 150.0-1230.0) versus 142.0 (66.4-460.0) mg/g creati-
nine] and its differentiation showed a predominant tubular
(a1-microglobulin) pattern. All 23 patients had increased RRI
upon admission [0.79 (95% CI 0.72-0.87)]. Twelve (52.2%)
patients had [TIMP-2]+[IGFBP7] >0.3 (ng/mL)z/ 1000 upon
admission with no detectable difference with respect to subse-
quent AKI development.

Figure 1 shows the time course of urinary biomarkers cate-
gorized by AKI. Proteinuria (P =0.011) and o1-microglobulin
excretion (P =0.030) were higher in patients who subsequently
developed AKI compared with those who did not. There were
no clear differences between trends in [TIMP-2]«[IGFBP7]
(concentration measured or normalized to urinary creatinine
excretion or urine osmolality) of AKI versus non-AKL
However, among the AKI patients, those who progressed from
Stage 1 to Stage 2 and Stage 3 AKI [5/12 (41.7%)] had higher
[TIMP-2]«[IGFBP7] levels compared with those who did not
[1.95 (95% CI 0.51-3.78) versus 0.20 (0.15-1.68); P < 0.001].
Furthermore, all AKI patients with [TIMP-2]«[IGFBP7] levels
>2 (ng/mL)Z/ 1000 upon admission [2/12 (16.7%)] progressed
to Stage 3 AKI and required RRT but eventually died. In con-
trast, none of the AKI patients with [TIMP-2]«[IGFBP7] levels
<0.3 ng/mL)Z/ 1000 [6/12 (50.0%)] experienced progression of
their AKI stage. The median ol-microglobulin excretion was
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higher among AKI patients who experienced progression of
their AKI stage compared with those who did not [87.2 (95% CI
12.3-163.7) versus 34.1 (25.6-350.3) mg/g creatinine; P = 0.04].
In contrast, median proteinuria levels did not differ between
AKI progressors and AKI non-progressors [442.3 (95% CI
100.0-781.4) versus 459.9 (122.1-1226.7) mg/g creatinine;
P =0.84]. A similar finding was observed when median admis-
sion levels of ol-microglobulin excretion and proteinuria were
compared between patients who died during the observational
period [3/23 (13.0%)] and those who did not [ot1-microglobulin
excretion 87.2 (95% CI 58.5-159.7) versus 34.7 (14.6-350.3)
mg/g creatinine; P = 0.04; proteinuria 390.4 (95% CI 289.5-
781.4) versus 214.8 (66.4-1226.7) mg/g creatinine; P = 0.36].

Correlation analyses of urinary biomarkers with key clinical
and laboratory data are shown in Supplementary Figure S2.
Briefly, the clearest relationships were seen between urinary
biomarkers and the Sequential Organ Failure Assessment score,
D-dimer, ferritin, procalcitonin and driving pressure. Data were
inconclusive regarding [TIMP-2]¢[IGFBP7] with the tested var-
iables and with the other urinary biomarkers (data not shown).

In our cohort, [TIMP-2]«[IGFBP7] did not have much util-
ity for detecting Stage 1 AKI, which is not surprising because
much of Stage 1 AKI may represent low risk and is associated
with renal function decline without kidney damage. In patients
with progression of AKI, those with increased [TIMP-
2]+[IGFBP7] levels seemed to have worse outcomes as recently
described in critically ill patients [9]. On the other hand, the
identification of increased urinary biomarkers of kidney stress/
damage in patients without subsequent AKI suggests that sub-
clinical kidney injury may be common in COVID-19 and war-
rants further investigation 10, 11].

This is the first study evaluating proteinuria by quantitative
measures and [TIMP-2]«[IGFBP7] in COVID-19. Study
strengths are its prospective design and multiple variable assess-
ments. Study limitations are the single-centre design and, at the
moment, the small sample size and short duration of follow-up.
Biomarkers were collected for a short time period, therefore
only limited informational value can be drawn regarding AKI
development, AKI progression and mortality. at1-microglobulin
excretion and [TIMP-2]+[IGFBP7] upon admission appeared
to improve risk stratification for severe outcomes (Stage 3 AKI,
RRT and death) in AKI patients, but the number of patients
who reached that outcome was very small. Volume depletion at
admission may be common in patients with COVID-19, as
patients present with fever and pre-hospital fluid resuscitation
is rarely performed. In our cohort, however, we did not detect a
clear association between the time course of urinary biomarkers
and changes in central venous pressure, B-type natriuretic pep-
tide or cumulative fluid balance. Patients were admitted at dif-
ferent stages of illness, so renal disease onset and early time
course of renal involvement were not elucidated.

In conclusion, AKI was common in COVID-19. The major-
ity of patients exhibited increased proteinuria at admission, in-
dicating tubular damage. AKI progression was mostly uniform
and biphasic within 7-14 days post-ICU admission as a sequel
to septic shock; patients were more likely to have higher al-
microglobulin excretion and [TIMP-2]+[IGFBP7] levels and
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RRT requirement and death were common. Future studies are
needed to clarify the role of urinary biomarkers for risk stratifi-
cation and triage of patients with COVID-19.

SUPPLEMENTARY DATA

Supplementary data are available at ndt online.
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Diffusion magnetic resonance imaging detects an increase in
interstitial fibrosis earlier than the decline of renal function
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Interstitial fibrosis (IF) is one of the major predicting factors in
chronic kidney disease, independently of estimated glomerular
filtration rate (eGFR) [1-3]. IF can currently only be assessed
by the examination of a kidney biopsy, an invasive examination
that is difficult to perform repeatedly. Diffusion-weighted mag-
netic resonance imaging (MRI) is emerging as an important
tool for non-invasive IF evaluation in native and transplant kid-
ney [4-10]. We recently adapted renal diffusion MRI with the
application of a readout-segmented echo-planar sequence
(RESOLVE) [11], allowing for the discrimination between
the cortical and medullary parts of the kidney and the calcu-
lation of the cortico-medullary apparent diffusion coefficient
(ADC) difference (AADC). AADC was better correlated than
absolute ADC to IF assessed by standard histology in both
native kidney disease and transplant patients [12]. Although
a single time value of IF is clinically important, the follow-up
of IF is sometimes even more relevant for clinical decisions
and particularly important for the evaluation of the evolution
of a disease. We have shown that our sequence was reproduc-
ible in healthy volunteers and patients [11] but the use of

diffusion MRI for the follow-up of IF of a given patient with
the renal disease had not yet been evaluated. We thus aimed
at analysing the use of diffusion MRI for the follow-up of IF
in patients having undergone repeated biopsies and its value
in comparison with renal function follow-up.

We included in this study patients having undergone
repeated biopsies for clinical purpose and who also agreed to
undergo MRI (according to the previously described protocol)
for each of the repeated biopsies [13]. Baseline characteristics
were collected through patient records. Serum creatinine
and standard laboratory values were performed in our local lab-
oratory. eGFR was calculated using the Chronic Kidney Disease
Epidemiology Collaboration equation. Renal fibrosis was
assessed on the kidney biopsy specimen and scored from 0 to
100% using Masson trichrome staining by the expert patholo-
gist (S.M.), who was blinded to all other results. Banff criteria
were used routinely at each biopsy. Patients were scanned on a
3T MR (Siemens AG, Erlangen, Germany) using a RESOLVE
strategy as described previously [13], and T1 and T2 sequences
as previously described [12]. The analysis of the MRI images
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