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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 × 1000/ml, range 5.19–48.1 versus median 11.9 × 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 

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 × 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
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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 µl 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 ×  10–3, 1 ×  10–4 and 
1 ×  10–5 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 Geq/ml, 1000 
Geq/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 × 1000/ml, range 5.19–48.1 
versus median 11.9 × 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 
Ct-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 
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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 

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 

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-

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
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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.

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 

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 

patient No 1 B, No 2 C, No 3 D, No 4 E and No 5 (F).  Log10 trans-
formation was performed to improve understandability of the graphs. 
For SARS-CoV-2 negative samples we chose 1 Geq/ml to depict 
data more clearly. *Patient deceased on day 25 after admission, NPS: 
nasopharyngeal swab, ETA: endotracheal aspirates
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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 

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 

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-

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
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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.

Acknowledgements The thank all patients for participation in this trial. 
We further thank the whole medical staff at our COVID-19 wards for 
contributing to this project besides their heavy duties at the front line 
against SARS-CoV-2.

Authors' contributions Conception and design: SR, J-NM, MS; acqui-
sition of data: SR, J-NM, SL, AO, JCH, MM, DM, CS, CL, TV, SS, 
MG, BE, YV; analysis and interpretation of data: SR, J-NM, GM; 
drafting of the manuscript: SR, J-NM; critical revision of the manu-
script: CS, OTK, MVBB, KM-K, JB, CG-J, MR; statistical analysis: 
SR; obtaining funding: SR, OTK; administrative, technical, or material 
support: SR, J-NM, AO, SL; supervision: SR, MS, CS.

Funding Open Access funding enabled and organized by Projekt 
DEAL. This study was supported by Stiftung der Medizinischen 
Fakultät of LMU Munich for research on the role of ACE2 in geni-
tourinary tissue. S.R. is further supported by Horst-Lühl-Foundation. 
Further funding was received from BMBF initiative “NaFoUniMed-
Covid19 “ (01KX2021), subproject B-FAST and LMUExcellent.

Data availability Data is available from the corresponding author upon 
request.

Code availability No statistical code or only trivial code has been used.

Declarations 

Conflict of interest Not applicable.

Ethics approval Prior initiation of this study the local ethics authorities 
approved the project design (Reference number: 20-245).

Informed consent All patients included in this study provided written 
informed consent prior inclusion into this prospective database.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Voigt S, Huttig F, Koch R, Propping S, Propping C, Grimm MO, 
Wirth M. Risk factors for incidental prostate cancer-who should not 
undergo vaporization of the prostate for benign prostate hyperplasia? 
Prostate. 2011;71:1325–31. https:// doi. org/ 10. 1002/ pros. 21349.

 2. Wölfel R, Corman VM, Guggemos W, Seilmaier M, Zange S, Mül-
ler MA, Niemeyer D, Jones TC, Vollmar P, Rothe C, Hoelscher M, 
Bleicker T, Brünink S, Schneider J, Ehmann R, Zwirglmaier K, Dros-
ten C, Wendtner C. Virological assessment of hospitalized patients 
with COVID-2019. Nature. 2020;581:465–9. https:// doi. org/ 10. 1038/ 
s41586- 020- 2196-x.

 3. Mészáros B, Sámano-Sánchez H, Alvarado-Valverde J, Čalyševa J, Mar-
tínez-Pérez E, Alves R, Shields DC, Kumar M, Rippmann F, Chemes 
LB, Gibson TJ. Short linear motif candidates in the cell entry system 
used by SARS-CoV-2 and their potential therapeutic implications. Sci 
Signal. 2021. https:// doi. org/ 10. 1126/ scisi gnal. abd03 34.

 4. Perrotta F, Matera MG, Cazzola M, Bianco A. Severe respiratory 
SARS-CoV2 infection: does ACE2 receptor matter? Respir Med. 
2020;168:105996–105996. https:// doi. org/ 10. 1016/j. rmed. 2020. 
105996.

 5. Meyerowitz EA, Richterman A, Gandhi RT, Sax PE. Transmission of 
SARS-CoV-2: a review of viral, host, and environmental factors. Ann 
Intern Med. 2021;174:69–79. https:// doi. org/ 10. 7326/ m20- 5008.

 6. Khosrawipour V, Lau H, Khosrawipour T, Kocbach P, Ichii H, Bania J, 
Mikolajczyk A. Failure in initial stage containment of global COVID-
19 epicenters. J Med Virol. 2020;92:863–7. https:// doi. org/ 10. 1002/ 
jmv. 25883.

 7. Haldar S, Dru C, Bhowmick NA. Mechanisms of hemorrhagic cystitis. 
Am J Clin Exp Urol. 2014;2:199–208.

 8. Zhang F-C, Li X-F, Deng Y-Q, Tong Y-G, Qin C-F. Excretion of infec-
tious Zika virus in urine. Lancet Infect Dis. 2016;16:641–2. https:// 
doi. org/ 10. 1016/ S1473- 3099(16) 30070-6.

 9. Diallo B, Sissoko D, Loman NJ, Bah HA, Bah H, Worrell MC, Conde 
LS, Sacko R, Mesfin S, Loua A, Kalonda JK, Erondu NA, Dahl BA, 
Handrick S, Goodfellow I, Meredith LW, Cotten M, Jah U, Guetiya 
Wadoum RE, Rollin P, Magassouba N, Malvy D, Anglaret X, Car-
roll MW, Aylward RB, Djingarey MH, Diarra A, Formenty P, Keïta 
S, Günther S, Rambaut A, Duraffour S. Resurgence of Ebola virus 
disease in guinea linked to a survivor with virus persistence in seminal 
fluid for more than 500 days. Clin Infect Dis. 2016;63:1353–6. https:// 
doi. org/ 10. 1093/ cid/ ciw601.

 10. Rodler S, Apfelbeck M, Stief C, Heinemann V, Casuscelli J. Les-
sons from the coronavirus disease 2019 pandemic: Will virtual patient 
management reshape uro-oncology in Germany? Eur J Cancer. 
2020;132:136–40. https:// doi. org/ 10. 1016/j. ejca. 2020. 04. 003.

 11. Rodler S, Apfelbeck M, Schulz GB, Ivanova T, Buchner A, Staehler 
M, Heinemann V, Stief C, Casuscelli J. Telehealth in uro-oncology 
beyond the pandemic: toll or lifesaver? Eur Urol Focus. 2020;6:1097–
103. https:// doi. org/ 10. 1016/j. euf. 2020. 05. 010.

 12. Peng L, Liu J, Xu W, Luo Q, Chen D, Lei Z, Huang Z, Li X, Deng 
K, Lin B, Gao Z. SARS-CoV-2 can be detected in urine, blood, 
anal swabs, and oropharyngeal swabs specimens. J Med Virol. 
2020;92:1676–80. https:// doi. org/ 10. 1002/ jmv. 25936.

 13. Mumm JN, Osterman A, Ruzicka M, Stihl C, Vilsmaier T, Munker 
D, Khatamzas E, Giessen-Jung C, Stief C, Staehler M, Rodler S. 
Urinary frequency as a possibly overlooked symptom in COVID-
19 patients: does SARS-CoV-2 cause viral cystitis? Eur Urol. 
2020;78:624–8. https:// doi. org/ 10. 1016/j. eururo. 2020. 05. 013.

 14. World Health Organization. WHO R&D Blueprint. Novel coro-
navirus: COVID-19 therapeutic trial synopsis. Draft February 18, 
2020.https:// www. who. int/ bluep rint/ prior ity- disea ses/ key- action/ 
COVID- 19_ Treat ment_ Trial_ Design_ Master_ Proto col_ synop sis_ 
Final_ 18022 020. pdf. Accessed 7 Apr 2021

https://doi.org/10.1007/s15010-021-01724-4
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1002/pros.21349
https://doi.org/10.1038/s41586-020-2196-x
https://doi.org/10.1038/s41586-020-2196-x
https://doi.org/10.1126/scisignal.abd0334
https://doi.org/10.1016/j.rmed.2020.105996
https://doi.org/10.1016/j.rmed.2020.105996
https://doi.org/10.7326/m20-5008
https://doi.org/10.1002/jmv.25883
https://doi.org/10.1002/jmv.25883
https://doi.org/10.1016/S1473-3099(16)30070-6
https://doi.org/10.1016/S1473-3099(16)30070-6
https://doi.org/10.1093/cid/ciw601
https://doi.org/10.1093/cid/ciw601
https://doi.org/10.1016/j.ejca.2020.04.003
https://doi.org/10.1016/j.euf.2020.05.010
https://doi.org/10.1002/jmv.25936
https://doi.org/10.1016/j.eururo.2020.05.013
https://www.who.int/blueprint/priority-diseases/key-action/COVID-19_Treatment_Trial_Design_Master_Protocol_synopsis_Final_18022020.pdf
https://www.who.int/blueprint/priority-diseases/key-action/COVID-19_Treatment_Trial_Design_Master_Protocol_synopsis_Final_18022020.pdf
https://www.who.int/blueprint/priority-diseases/key-action/COVID-19_Treatment_Trial_Design_Master_Protocol_synopsis_Final_18022020.pdf


 J.-N. Mumm et al.

1 3

 15. Uhlén M, Fagerberg L, Hallström BM, Lindskog C, Oksvold P, Mar-
dinoglu A, Sivertsson Å, Kampf C, Sjöstedt E, Asplund A, Olsson I, 
Edlund K, Lundberg E, Navani S, Szigyarto CAK, Odeberg J, Djure-
inovic D, Takanen JO, Hober S, Alm T, Edqvist PH, Berling H, Tegel 
H, Mulder J, Rockberg J, Nilsson P, Schwenk JM, Hamsten M, von 
Feilitzen K, Forsberg M, Persson L, Johansson F, Zwahlen M, von 
Heijne G, Nielsen J, Pontén F. Tissue-based map of the human pro-
teome. Science (New York, NY). 2015;347:1260419. https:// doi. org/ 
10. 1126/ scien ce. 12604 19.

 16. Muenchhoff M, Mairhofer H, Nitschko H, Grzimek-Koschewa N, 
Hoffmann D, Berger A, Rabenau H, Widera M, Ackermann N, Kon-
rad R, Zange S, Graf A, Krebs S, Blum H, Sing A, Liebl B, Wölfel R, 
Ciesek S, Drosten C, Protzer U, Boehm S, Keppler OT. Multicentre 
comparison of quantitative PCR-based assays to detect SARS-CoV-2, 
Germany, March 2020. Euro Surveill. 2020. https:// doi. org/ 10. 2807/ 
1560- 7917. Es. 2020. 25. 24. 20010 57.

 17. Corman VM, Landt O, Kaiser M, Molenkamp R, Meijer A, Chu DK, 
Bleicker T, Brünink S, Schneider J, Schmidt ML, Mulders DG, Haa-
gmans BL, van der Veer B, van den Brink S, Wijsman L, Goderski 
G, Romette JL, Ellis J, Zambon M, Peiris M, Goossens H, Reusken 
C, Koopmans MP, Drosten C. Detection of 2019 novel coronavirus 
(2019-nCoV) by real-time RT-PCR. Euro Surveill. 2020. https:// doi. 
org/ 10. 2807/ 1560- 7917. Es. 2020. 25.3. 20000 45.

 18. Hamming I, Timens W, Bulthuis ML, Lely AT, Navis G, van Goor 
H. Tissue distribution of ACE2 protein, the functional receptor for 
SARS coronavirus. A first step in understanding SARS pathogenesis. 
J Pathol. 2004;203:631–7. https:// doi. org/ 10. 1002/ path. 1570.

 19. Zou X, Chen K, Zou J, Han P, Hao J, Han Z. Single-cell RNA-seq data 
analysis on the receptor ACE2 expression reveals the potential risk 
of different human organs vulnerable to 2019-nCoV infection. Front 
Med. 2020;14:185–92. https:// doi. org/ 10. 1007/ s11684- 020- 0754-0.

 20. Song H, Seddighzadeh B, Cooperberg MR, Huang FW. Expression of 
ACE2, the SARS-CoV-2 receptor, and TMPRSS2 in prostate epithe-
lial cells. Eur Urol. 2020;78:296–8. https:// doi. org/ 10. 1016/j. eururo. 
2020. 04. 065.

 21. Lely AT, Hamming I, van Goor H, Navis GJ. Renal ACE2 expression 
in human kidney disease. J Pathol. 2004;204:587–93. https:// doi. org/ 
10. 1002/ path. 1670.

 22. Vaduganathan M, Vardeny O, Michel T, McMurray JJV, Pfeffer MA, 
Solomon SD. Renin-angiotensin-aldosterone system inhibitors in 
patients with Covid-19. N Engl J Med. 2020;382:1653–9. https:// doi. 
org/ 10. 1056/ NEJMs r2005 760.

 23. Kashi AH, De la Rosette J, Amini E, Abdi H, Fallahkarkan M, Vaez-
jalali M. Urinary viral shedding of COVID-19 and its clinical associa-
tions: a systematic review and meta-analysis of observational studies. 
Urol J. 2020;17:433–41. https:// doi. org/ 10. 22037/ uj. v16i7. 6248.

 24. Munker D, Osterman A, Stubbe H, Muenchhoff M, Veit T, Wein-
berger T, Barnikel M, Mumm JN, Milger K, Khatamzas E, Klauss S, 
Scherer C, Hellmuth JC, Giessen-Jung C, Zoller M, Herold T, Stecher 
S, de Toni EN, Schulz C, Kneidinger N, Keppler OT, Behr J, Mayerle 
J, Munker S. Dynamics of SARS-CoV-2 shedding in the respiratory 
tract depends on the severity of disease in COVID-19 patients. Eur 
Respir J. 2021. https:// doi. org/ 10. 1183/ 13993 003. 02724- 2020.

 25. Kawasuji H, Takegoshi Y, Kaneda M, Ueno A, Miyajima Y, Kawago 
K, Fukui Y, Yoshida Y, Kimura M, Yamada H, Sakamaki I, Tani H, 
Morinaga Y, Yamamoto Y. Transmissibility of COVID-19 depends on 
the viral load around onset in adult and symptomatic patients. PLoS 
ONE. 2020;15: e0243597. https:// doi. org/ 10. 1371/ journ al. pone. 02435 
97.

 26. Deen GF, Broutet N, Xu W, Knust B, Sesay FR, McDonald SLR, 
Ervin E, Marrinan JE, Gaillard P, Habib N, Liu H, Liu W, Thorson 
AE, Yamba F, Massaquoi TA, James F, Ariyarajah A, Ross C, Bern-
stein K, Coursier A, Klena J, Carino M, Wurie AH, Zhang Y, 
Dumbuya MS, Abad N, Idriss B, Wi T, Bennett SD, Davies T, 
Ebrahim FK, Meites E, Naidoo D, Smith SJ, Ongpin P, Malik T, 
Banerjee A, Erickson BR, Liu Y, Liu Y, Xu K, Brault A, Durski 
KN, Winter J, Sealy T, Nichol ST, Lamunu M, Bangura J, Land-
oulsi S, Jambai A, Morgan O, Wu G, Liang M, Su Q, Lan Y, 
Hao Y, Formenty P, Ströher U, Sahr F. Ebola RNA persistence 
in semen of Ebola virus disease survivors—final report. N Engl J 
Med. 2015;377:1428–37. https:// doi. org/ 10. 1056/ NEJMo a1511 
410.

Authors and Affiliations

Jan‑Niclas Mumm1 · Stephan Ledderose2 · Andreas Ostermann3,4 · Martina Rudelius2 · Johannes C. Hellmuth5,6 · 
Max Münchhoff3,4,6 · Dieter Munker7 · Clemens Scherer6,8 · Yannic Volz1 · Benedikt Ebner1 · Clemens Giessen‑Jung5 · 
Christopher Lampert9 · Theresa Vilsmaier10 · Stephanie Schneider3 · Madeleine Gapp3 · Katrin Milger‑Kneidinger7 · 
Jürgen Behr7 · Michael von Bergwelt‑Baildon4,5,6 · Oliver T. Keppler3 · Christian Stief1 · Giuseppe Magistro1 · 
Michael Staehler1 · Severin Rodler1

1 Department of Urology, University Hospital, Ludwig 
Maximilian University of Munich (LMU), Marchioninistr. 
15, 81377 Munich, Germany

2 Institute of Pathology, University Hospital, Ludwig 
Maximilian University of Munich (LMU), Munich, Germany

3 Max Von Pettenkofer Institute and Gene Center, Virology, 
National Reference Center for Retroviruses, Ludwig 
Maximilian University, Munich, Germany

4 German Center for Infection Research, Partner Site Munich, 
Germany and Associated Partner Site Charité Berlin, 
Germany and Associated Partner Site Frankfurt, Munich, 
Germany

5 Department of Medicine III and Comprehensive Cancer 
Center, University Hospital, Ludwig Maximilian University 
of Munich (LMU), Munich, Germany

6 COVID-19 Registry of the LMU Munich (CORKUM), 
University Hospital, LMU Munich, Munich, Germany

7 Department of Medicine V, Comprehensive Pneumology 
Center (CPC-M), Member of the German Center for Lung 
Research (DZL), University Hospital, Ludwig Maximilian 
University of Munich (LMU), Munich, Germany

8 Department of Medicine I, University Hospital, LMU 
Munich, Munich, Germany

9 Department of General, Visceral, and Transplant Surgery, 
Ludwig‐Maximilians‐University Munich, Munich, Germany

10 Department of Gynecology, University Hospital, Ludwig 
Maximilian University of Munich (LMU), Munich, Germany

https://doi.org/10.1126/science.1260419
https://doi.org/10.1126/science.1260419
https://doi.org/10.2807/1560-7917.Es.2020.25.24.2001057
https://doi.org/10.2807/1560-7917.Es.2020.25.24.2001057
https://doi.org/10.2807/1560-7917.Es.2020.25.3.2000045
https://doi.org/10.2807/1560-7917.Es.2020.25.3.2000045
https://doi.org/10.1002/path.1570
https://doi.org/10.1007/s11684-020-0754-0
https://doi.org/10.1016/j.eururo.2020.04.065
https://doi.org/10.1016/j.eururo.2020.04.065
https://doi.org/10.1002/path.1670
https://doi.org/10.1002/path.1670
https://doi.org/10.1056/NEJMsr2005760
https://doi.org/10.1056/NEJMsr2005760
https://doi.org/10.22037/uj.v16i7.6248
https://doi.org/10.1183/13993003.02724-2020
https://doi.org/10.1371/journal.pone.0243597
https://doi.org/10.1371/journal.pone.0243597
https://doi.org/10.1056/NEJMoa1511410
https://doi.org/10.1056/NEJMoa1511410

	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
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Results
	Discussion
	ACE2 expression in tissues of the urinary tract
	Stability of SARS-CoV-2 in urine and impact of urine on SARS-CoV-2 PCR results
	Detection of SARS-CoV-2 RNA in urine of COVID-19 patients
	Correlation of urinary shedding and COVID-19 severity
	SARS-CoV-2 transmission via urine and urinary tract
	Limitations

	Conclusion
	Acknowledgements 
	References




