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Dynamics of urinary and respiratory shedding of Severe acute
respiratory syndrome virus 2 (SARS-CoV-2) RNA excludes urine
as a relevant source of viral transmission
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Abstract

Purpose To investigate the expression of the receptor protein ACE-2 alongside the urinary tract, urinary shedding and
urinary stability of SARS-CoV-2 RNA.

Methods Immunohistochemical staining was performed on tissue from urological surgery of 10 patients. Further, patients
treated for coronavirus disease (COVID-19) at specialized care-units of a university hospital were assessed for detection of
SARS-CoV-2 RNA in urinary samples via PCR, disease severity (WHO score), inflammatory response of patients. Finally,
the stability of SARS-CoV-2 RNA in urine was analyzed.

Results High ACE-2 expression (3/3) was observed in the tubules of the kidney and prostate glands, moderate expression
in urothelial cells of the bladder (0-2/3) and no expression in kidney glomeruli, muscularis of the bladder and stroma of
the prostate (0/3). SARS-CoV-2 RNA was detected in 5/199 urine samples from 64 patients. Viral RNA was detected in
the first urinary sample of sequential samples. Viral RNA load from other specimen as nasopharyngeal swabs (NPS) or
endotracheal aspirates revealed higher levels than from urine. Detection of SARS-CoV-2 RNA in urine was not associated
with impaired WHO score (median 5, range 3—8 vs median 4, range 1-8, p=0.314), peak white blood cell count (median
24.1 x 1000/ml, range 5.19-48.1 versus median 11.9 x 1000/ml, range 2.9-60.3, p =0.307), peak CRP (median 20.7 mg/dl,
4.2-40.2 versus median 11.9 mg/dl, range 0.1-51.9, p=0.316) or peak IL-6 levels (median: 1442 ng/ml, range 26.7-3918
versus median 140 ng/ml, range 3.0-11,041, p=0.099). SARS-CoV-2 RNA was stable under different storage conditions
and after freeze—thaw cycles.

Conclusions SARS-CoV-2 RNA in the urine of COVID-19 patients occurs infrequently. The viral RNA load and dynamics
of SARS-CoV-2 RNA shedding suggest no relevant route of transmission through the urinary tract.
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Introduction

The severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) impacts healthcare worldwide as the spread
of the coronavirus 2019 disease (COVID-19) has been
declared a pandemic by the WHO [1]. With the advance of
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pandemic, more is being understood about replication and
transmission of this highly infectious virus [2]. ACE2 has
been identified early as the main receptor of the spike protein
of SARS-CoV-2 [3]. High expression levels are found in the
alveolar epithelium of the lung explaining the affection of
this tissue during infection [4]. Thereby, respiratory trans-
mission appears to be the predominant way of transmission
of SARS-CoV-2 [5]. However, as containment strategies
seem to fail partially alternative ways of transmission have
to be considered [6].
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Urinary tract involvement in viral disease is mostly
observed in immunocompromised patients. For example,
BK polyomavirus and adenovirus are detected during hem-
orrhagic cystitis [7]. In recent viral epidemics, the trans-
mission of viruses through genitourinary tissues has been
detected. RNA of Zika virus for instance was detected in
the urine of infected patients and infectious Zika virus was
recovered from urine samples [8]. More dramatically, Ebola
virus detected in the seminal fluid 531 days after onset of the
disease caused a local outbreak in Guinea and Liberia [9].
Sexual and urinary transmission of viruses is since then of
high scientific interest.

The impact of the COVID-19 pandemic on urology care
has been intensively studied [10, 11]. However, it remains
unclear, whether the virus is passed through the urinary tract
and therefore urine might be a source of infection. SARS-
CoV-2 has been detected early in urinary samples from
either deceased or alive patients [2, 12]. However, SARS-
CoV-2 shedding is thought to be neither prognostic nor pre-
dictive [12]. We were the first to unveil voiding frequency
as a symptom in COVID-19 patients and have hypothesized
a potential role of the urinary tract in COVID-19. However,
it remains unclear, whether the urinary tract is involved
as a result of a general inflammatory response or directly
through the appearance of SARS-CoV-2 in urinary fluids
which consequently might be a possible route of transmis-
sion of COVID-19 [13].

Methods

With the onset of the COVID-19 pandemic, an interdisci-
plinary team at our institution set up a research program
to investigate the novel SARS-CoV-2 and started to pro-
spectively collect data and tissue and fluid specimen of
patients with COVID-19. Prior initiation of this study the
local ethics authorities had approved the project design

(Reference number: 20-245). Within the first 12 months
of the program, 683 patients were prospectively enrolled
in this COVID-19 research program making it one of the
largest national COVID-19 research programs (Fig. 1).
Patients were enrolled between March 2020 and April
2021.

Clinical assessment of COVID-19 courses was performed
by the WHO score as no clinical or virological evidence (0),
no limitations of activity (1), limitations of activity (2), hos-
pitalized without the need of oxygen (3), oxygen by mask or
nasal tube (4), non-invasive ventilation (5), invasive ventila-
tion (6), organ support (ECMO) (7), death (8) [14].

Immunohistochemical staining for ACE2 was performed
on human tissue from surgical specimens after approval by
the Ethical Review Board. Formalin-fixed, paraffin-embed-
ded (FFPE) tissue blocks were selected for immunohisto-
chemical analysis based on normal histology. After antigen
retrieval, slides were incubated with ACE2-antibody (1:100;
Abcam, Cambridge, UK). Detection was performed using
the ImmPress anti-rabbit IgG polymer kit (Vector Labora-
tories, Burlingame, USA) according to the manufacturer's
protocol. Pictures were taken at a 20 X magnification.

All tissue samples were manually scored by two inde-
pendent observers (SL and MR). Evaluation was performed
using a 4-level scale based on the standardized Human Pro-
tein Atlas (HPA) workflow [15]: 0 =Not detected (negative
or weak staining in <25% of cells); 1 =Low (weak staining
in>25% of cells or moderate staining in <25% of cells);
2 =Medium (moderate staining in >25% of cells or strong
staining in <25% of cells); or 3=High (strong staining
in>25% of cells).

Autopsies of patients who had died from Covid-19 were
performed. All patients had been diagnosed with Covid-19
disease ante mortem and PCR testing for SARS-CoV-2 from
postmortem nasopharyngeal swabs were in all patients RNA
positive. At autopsy, an intravesical swab was collected and
sent for PCR testing for SARS-CoV-2.

Fig.1 Study enrollment

Patients with SARS-CoV-2 detected in NPS and treated by
specialiced care teams of LMU Munich

|

Enrolled in prospective CORKUM study of LMU Munich:
n=683

Patients without urine sample for analysis:

n=619

Patients with urine sample for analysis:
n=64

Patients with SARS-CoV-2 RNA
detected in urine sample:
n=5

Patients without SARS-Co—2 RNA

in urine sample:
n=59
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Urine samples were collected and stored at -20 °C until
analysis. For nucleic acid extraction, the QIAsymphony DSP
Virus/Pathogen Midi Kit was used for a sample volume of
400 pl on the QIAsymphony SP (Qiagen, Hilden, Germany).
Amplification and quantification were performed according
to the CDC protocol for the N1 target as described previ-
ously (Laboratory 1, CDC Protocol) [16, 17]. To detect inhi-
bition of the PCR reaction, an internal positive control (IPC)
was added to each sample before extraction. If this IPC was
not amplifiable, the sample was diluted 1:10 with 0.9% NaCl
and remeasured.

To investigate the storage stability of SARS-CoV-2 RNA
in urine with respect to the conditions prevailing in this
study, PCR negative donor urine was spiked with a highly
positive sample (Ct value 17.2) of endotracheal aspiration.
This artificial urine sample was diluted 1 X 1073, 1x10™* and
1 x 107 with 0.9% NaCl and stored at least in duplicates
under the following conditions: no storage ("fresh"), 4 °C
overnight, — 40 °C with 1-2 freez/thaw cycles, respectively.
The Roche cobas® SARS-CoV-2 assay (Target 1) on the
cobas® 6800 System (Roche Diagnostics, Basel, Switzer-
land) was used for analysis (Suppl. Fig. 1).

For statistical analysis, Mann—Whitney-U-Test was used.
All analyses were performed by Graphpad Prism 9 (Graph-
pad Software, San Diego, USA). A p-value smaller than 0.05
was considered as statistically significant.

Results

In normal kidney tissue (n=10), we detected high ACE2
expression in the cytoplasma and brush border of almost all
proximal tubular cells, which we quantified with an expres-
sion score of 3 as described [15]. No expression (score 0)
was detected in renal corpuscles. In urinary bladder tissue
(n=10), no ACE2 expression was present in urothelial cells
in three samples (score 0). In five samples, urothelial cells
showed low ACE2 expression (score 1) and in two samples,
moderate expression (score 2) was detected. In all cases, no
expression of ACE2 was observed in the muscularis (score
0). In prostate tissue (n=10), high expression of ACE2
(score 3) was found in the glandular epithelium of the pros-
tate. The fibromuscular stroma of the prostate was negative
(score 0; see Fig. 2).

In a second step, we analyzed prospectively collected
urinary samples from patients treated at our specialized
COVID-19 wards. In total, 199 urine samples from 64
patients that had been tested positive for SARS-CoV-2 in
nasopharyngeal swabs were analyzed. In the initial testing,
the lack of detection of IPC amplification showed complete
inhibition of the PCR reaction in 24 of the urine samples.
After 1:10 dilution of these samples prior to extraction and

retesting, inhibition was no longer detected (for further
patient characteristics see Supplementary Table 1).

SARS-CoV-2 RNA was detected in the urine of five
patients. We observed viral RNA loads of 130 Geg/ml, 1000
Geg/ml, 2,000 Geq/ml, 10,000 Geq/ml and 12,000 Geq/ml
in urines of those five patients, respectively. SARS-CoV-2
RNA was always detected between day 3 and 29. Interest-
ingly, it was always the first sample taken from the respec-
tive patients that was positive for RNA. Urines (n=194) of
patients tested negative were collected between day 1 and
day 63 after admission. Analysis of viral RNA load in other
specimen as nasopharyngeal swabs, endotracheal aspirates
or blood revealed higher viral RNA loads than in urine
samples prior or after this respective measurement (Fig. 3).
Additionally, intravesical swabs in patients deceased with
COVID-19 revealed positive RNA results in 3 out of 4
patients.

Patients with and without SARS-CoV-2 in urine were
analyzed for differences in clinical outcomes. The worse
clinical outcome in patients with positively tested urine
was death (n=1), ECMO (n=1), non-invasive ventilation
(n=1), oxygen by mask or nasal tube (n=1) and hospital-
ized without need for oxygen (n=1). The highest WHO
score during treatment was not significantly different
between patients with SARS-CoV-2 RNA detected in the
urine (median 5, range 3—8) and patients without (median 4,
range 1-8, p=0.314). Inflammatory markers as peak white
blood cell count (median 24.1 x 1000/ml, range 5.19-48.1
versus median 11.9 x 1000/ml, range 2.9-60.3, p=0.307),
peak CRP (median 20.7 mg/dl, 4.2-40.2 versus median
11.9 mg/dl, range 0.1-51.9, p=0.316) and peak IL-6 lev-
els (median: 1442 ng/ml, range 26.7-3918 versus median
140 ng/ml, range 3.0-11,041, p=0.099) were not signifi-
cantly different between both groups (Fig. 4).

Stability of SARS-CoV-2 RNA in urinary samples was
tested to exclude errors generated by storage conditions.
After incubation and cycles of freeze/ thaw of an artificially
spiked urine sample as described above no differences in
C,-values were observed between the samples (p =0.889,
Supplementary Fig. 1 and Supplementary Table 1).

Discussion

This is one of the largest and most comprehensive studies
to analyze SARS-CoV-2 RNA in the urine specimen and to
investigate possible transmission by urinary tissue.

ACE2 expression in tissues of the urinary tract

ACE2 expression has previously been observed in the
kidney mainly in the proximal tubular cells [18, 19]. In a

@ Springer



J.-N. Mumm et al.

D
3= 0000000000 Lress i end
o
g 2- o0
»n
c
0
?
o 1+ C————
3
i
0 0000000000 e0o SE588E8080 CUOSCHVEED
| 1 1 | | 1
A A A ) 2\ A\
%\o& &o\'b &\o& \o‘\e o&’ oé"b
) ) ) O N N
S & & g 3 G
GQ @ \0( O 6& 6@
\'b‘ 0* X oS & &
N S & kS © i
'éo 'l.'\b \'bb & b R
S Q &
&
&

Fig.2 ACE-2 expression across urinary tract tissue. A ACE-2 was
stained in kidney tissue (n=10) via immunohistochemistry and
revealed high expression in almost all epithelial cells of the proximal
tubule, but not in renal corpuscles. B Samples from human bladders
(n=10) were stained for ACE-2 and revealed no to moderate expres-
sion in urothelial cells whereas there is no expression in the muscu-

study with a publicly available single-cell RNA-sequenc-
ing data set, coexpression of ACE2 and TMPRSS2 was
seen in prostate cells [20]. Although known for years
[21], ACE-2 and its expression especially in the kidney
has gained traction during the rise of the COVID-19 pan-
demic and through increased knowledge of the replica-
tion mechanism of SARS-CoV-2 [22]. We observed high
expression levels in the tubular epithelium of the kidney
and in prostate glands, as well as intermediate expres-
sion in urothelial cells of the bladder. Our data confirms
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laris. C Staining for ACE-2 in prostate tissue revealed a high expres-
sion in glandular epithelium and no expression in fibromuscular
stroma of the prostate. D ACE-2 expression across various genitou-
rinary tissues was quantified by expression scoring for no expression
(0), low expression (1), moderate expression (2) and high expression
(3) in the depicted tissues

previous knowledge of ACE-2 expression and reveals its
expression throughout the urinary tract.

Stability of SARS-CoV-2 in urine and impact of urine
on SARS-CoV-2 PCR results

As we artificially created SARS-CoV-2 infected urine, we
comprehensively analyzed stability and interference of
urine on results in SARS-CoV-2 RNA detection. SARS-
CoV-2 RNA detection rates are stable under storage con-
ditions and, therefore, preanalytical interference can be
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Fig.3 Dynamics of urinary and respiratory shedding of Severe Acute
Respiratory Syndrome Virus 2 (SARS-CoV-2) RNA in COVID-19
patients. A Course of viral RNA load in urine samples of five patients
initially tested positive for SARS-CoV-2 RNA in nasopharyngeal
swaps. Viral RNA load in urine samples (urine), nasopharyngeal
swab (NPS), endotracheal aspirates (ETA) or blood was analyzed for

excluded. However, we observed inhibition of PCR reac-
tions in some urine samples of patients with urinary tract
infection.

Detection of SARS-CoV-2 RNA in urine of COVID-19
patients

Previous groups have detected SARS-CoV-2 RNA in urine
samples. Thereby, SARS-CoV-2 RNA was detected in 4.5%
of 533 patients across 39 studies. However, the analyzed
cohorts were highly heterogenous and differed in sampling
technique and origin. Some samples were derived from
already dead patients [23]. As we hypothesize that there is
a high risk of bias and analytic errors, we performed stand-
ardized analysis through our virology department. We only
included alive patients and observed SARS-CoV-2 RNA in
2.5% of all samples and in 7.8% of all patients.
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formation was performed to improve understandability of the graphs.
For SARS-CoV-2 negative samples we chose 1 Geg/ml to depict
data more clearly. *Patient deceased on day 25 after admission, NPS:
nasopharyngeal swab, ETA: endotracheal aspirates

Correlation of urinary shedding and COVID-19
severity

We have not detected any correlation between patients
being tested positive in urine for SARS-CoV-2 and clini-
cal outcomes in our cohort. Previously, it has been dem-
onstrated that respiratory SARS-CoV-2 shedding and high
IL-6 and CRP levels revealing a protracted inflammatory
response was associated with severe disease [24]. Our
analysis of IL-6 and CRP peak levels revealed no dif-
ference between patients with and without detection of
SARS-CoV-2 RNA in the urine. Other studies observed
urinary shedding mainly in moderate and severe COVID-
19 cases [23] comparable to our study. However, we did
not observe a significant difference in disease courses in
our cohort.

Interestingly, patients who had died because of a SARS-
CoV-2 infection had high rates of viral RNA in the bladder
compared to surviving patients. We hypothesize that this
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Fig.4 Clinical outcomes of urinary SARS-CoV-2 RNA positive and
SARS-CoV-2 RNA negative patients. A COVID-19 severity was
calculated with the WHO score as described for patients with SARS-
CoV-2 RNA detected in urine samples (SARS-CoV-2+) and with-

effect is due to anti-mortem and post-mortem autolysis or
necrosis of the tissue and degradation of epithelial barri-
ers. Therefore, we dispute previous findings of positive
PCR results from urine samples in this population.

SARS-CoV-2 transmission via urine and urinary tract

With only low concentrations of SARS-CoV-2 RNA in
urine, the transmission of SARS-CoV-2 via urinary tis-
sues seems negligible, as airway transmission has revealed
dependency on viral RNA load [25]. Therefore, it appears to
be highly unlikely, that urine transmission is a relevant risk
for transmission in patients tested negative in NPS or ETA.
SARS-CoV-2 NPS testing, therefore, gives sufficient infor-
mation to protect urologists from infections during cystos-
copy or other endo-urologic procedures under the adequate
hygienic conditions.

Limitations

Our study is limited by the study design and sample size.
Patients were prospectively enrolled in our follow-up
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out detection of SARS-CoV-2 RNA (SARS-CoV-2-). B The high-
est white blood cell count during treatment at one of the COVID-19
wards was defined as the peak white blood cell count for the respec-
tive groups. Peak CRP C and peak IL-6 D were defined accordingly

program, but analysis of urines was performed retrospec-
tively. Therefore, we performed stability testing. A system-
atic bias due to sample stability can be excluded based on
our results. In addition, SARS-CoV-2 viral RNA load was
quantified and not the infectious virus. For other viruses as
for instance the Ebola virus a prolonged viral RNA excretion
has been demonstrated without virus shedding measured by
virus isolation [26]. As only five urinary samples were posi-
tive, subgroup analysis and clinical outcome comparison are
limited. We also have included mainly patients with moder-
ate to severe symptoms of COVID-19, as they have been
treated at our specialized wards. However, this is one of the
largest and most comprehensive analysis of urinary shedding
and implications for transmission.

Conclusion

ACE-2 is expressed through the urinary tract and provides
thereby a potential route of transmission via the genitouri-
nary tract. SARS-CoV-2 RNA can be detected in the urine of
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a minority of patients with COVID-19, but higher levels are
seen in other specimen such as nasopharyngeal swabs. As
detection of SARS-CoV-2 RNA seems not to be prognostic
and viral shedding is observed with lower concentrations
than other potential routes of transmission as airways, a rel-
evant risk of urinary transmission compared to transmission
via aerosol and direct contact routes is highly unlikely.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s15010-021-01724-4.
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