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Abstract
Coronavirus disease 2019 (COVID-19) was declared a worldwide pandemic in March 2020 after originating in China. Widespread uncertainty resulting from the pandemic has revolutionized urology practice worldwide, similar to that observed in other fields. The urological manifestations of COVID-19 were investigated by performing a literature search using a combination of keywords related to COVID-19 and urology. To date, COVID-19 has not been associated with any lower urinary tract symptoms, and there is no level 1 evidence that associates it with urinary malignancy and urolithiasis. Viral RNA has been detected in urine (5.74%), but there is no evidence of actual infection via urine. COVID-19 has transformed the standard urological practice into crisis-based care and has changed the medical and surgical priorities dramatically in the field. Most hospitals have established quarantine guidelines for each hospital, and procedures must be performed according to the present circumstances. Furthermore, in the absence of high-level evidence, specific efforts are needed to minimize the risk of COVID-19 infections during care.
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INTRODUCTION
Coronavirus disease 2019 (COVID-19) has spread rapidly worldwide since November 2019 and has been touted as the “once-in-a-century pathogen we have always been worried about” [1]. Since the initial reports from China, COVID-19 progressed into a full-blown pandemic by March 2020 [2]. Before this, a Severe Acute Respiratory Syndrome (SARS)-Cov epidemic originating from China and a Middle East Respiratory Syndrome (MERS)-Cov epidemic originating from Saudi Arabia occurred from 2002 to 2003 and 2012, respectively. As of writing, the COVID-19 pandemic has affected most countries in the world. The coronavirus is an enveloped, single-stranded RNA virus with α, β, γ, and δ subtypes. The SARS-Cov-2 virus responsible for COVID-19 belongs to the β subtype and can maintain its viability at low temperatures because of its enveloped nature.
Widespread uncertainty caused by the pandemic has forced the urological field, as well as other medical fields, to adapt, and as a result, has revolutionized urology practice worldwide [3]. Hospitals face the massive challenge of providing ethical and quality care. This has affected urology practice and training and led to a decrease in the number of surgeries [4]. Indeed, this pandemic has resulted in a 20% decrease in urology referrals in the United States [5]. Furthermore, 93% of respondents in a previous study claimed that it affected their clinical practice of urology, with other reports claiming that the pandemic has severely decreased the quality of academic activities and residency training worldwide [6-8].
Hospitals have been forced to prioritize the quarantine system and have utilized various strategies to reduce the potential risks of COVID-19 infections among their staff [9]. These strategies include a screening test, which increases the workload of medical personnel, physicians, and other employees at increased risk of infection. Furthermore, a response strategy for COVID-19 has proven difficult to establish owing to its ongoing status and the lack of high-level evidence. This is compounded by issues, such as the claim by the Centers for Disease Control and Prevention, Unites States (CDC) that a new strain of COVID-19 was discovered in the United Kingdom at the end of 2020 [10].
Therefore, this paper evaluates the current situation of COVID-19 to provide information that would be helpful for the future of urology through a literature review related to COVID-19 and urology.

MAIN BODY
1. Literature Search Strategy and Selection Criteria
Publications on COVID-19 related to the urological field were reviewed systematically. A literature search was performed using a combination of keywords including ‘COVID- 19,’ ‘SARS-CoV-2,’ ‘Urology,’ ‘Urinary,’ and ‘Urological.’ The databases from MEDLINE, EMBASE, and the Cochrane library were searched for papers published until March 6, 2021. All returned articles were screened by one reviewer (J. Choi). To narrow the scope and improve the clarity of the manuscript’s contents, case reports, observational studies, non-randomized and randomized trials, and review articles on adult patients published in English were included in the literature review. Furthermore, information from organizations that published the latest news, including the CDC, World Health Organization (WHO), American Urological Association (AUA), and European Association of Urology (EAU) was also included. Fig. 1 presents the PRISMA flow diagram.
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Fig. 1 PRISMA flow diagram.


2. General Characteristics of COVID-19
The coronavirus family Coronaviridae consists of approximately 42 types of enveloped, single-stranded RNA viruses. Most types infect only animal species, but some α and β subtypes, which SARS-CoV-2 belongs to, infect humans [11].
COVID-19 is spread through person-to-person contact, mainly through aerosols, and has also been reported to be transmitted through physical contact of fomites, such as contaminated water purifiers [2]. The common symptoms of COVID-19 include dry cough, fever, shortness of breath, fatigue, and loss of appetite. Pneumonia can develop in severe cases, which may require ventilatory support. In vivo invasion of the virus occurs via the attachment of a virus spike protein to the angiotensin-converting enzyme 2 (ACE2) receptor in the lungs, liver, intestines, heart, kidney, bladder, testis, and brain. The virus is then internalized by the transmembrane serine proteinase 2 (TMPRSS2) gene. The virus has been detected in the throat, feces, blood, and urine and the reported incubation ranges from two to 14 days [12]. Viral RNA for COVID-19 is collected via a nasopharyngeal and oropharyngeal swab and has been found in fecal (65.8%), blood (low), and urine (5.74%) specimens. No solid data for semen specimens are available [13]. Although virus RNA is detected in urine, it is unknown if COVID-19 is transmitted through urine or how long the virus RNA has been shedding. COVID-19 has a lower mortality rate than MERS-Cov (3.4% vs. 35%) but higher transmissibility [14].

3. Public Health Threat
According to the CDC, various diseases have caused widespread damage to public health. Examples include polio in 1955, smallpox in 1966, and anthrax in 2001, and more recently, epidemics, such as SARS in 2003 and the Zika virus in 2016. The death toll of COVID-19 has already passed that from the Hong-Kong flu, swine flu, and yellow fever [15-18]. In contrast, the death toll is not as high as that of cholera, the Black Death, and smallpox (Fig. 2). According to the WHO, more than 115,000,000 people have been infected and more than 2,500,000 have died by March 2021 [19]. According to the WHO data on 237 countries last updated in March 2021, the United States of America had the highest number of cases and deaths. The Republic of Korea ranked 86th for total cases with 91,240 cases, 165th for cases per 100,000 people, and 86th for mortalities with 1,619 deaths (Table 1). COVID-19 has transformed the standard urological practice into crisis-based care that has decreased the number of operations performed in the hospital [4,20].
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Fig. 2 Pandemic deaths through history. Available from: https://www.who.int/emergencies/diseases/en/. COVID-19: corona-virus disease 2019.

Table 1 WHO COVID-19 global data (2021. 3 update)
	Country name	Cases - cumulative total	Rank	Cases - total per 100,000 population	Rank	Deaths - cumulative total	Rank
	Global	114,853,685		1,471.3		2,554,694	
	United States	28,403,416	1	8,581.0	9	513,071	1
	India	11,156,923	2	808.5	128	157,435	4
	Brazil	10,646,926	3	5,008.9	40	257,361	2
	Russian Federation	4,290,135	4	2,939.8	75	87,823	7
	The United Kingdom	4,194,789	5	6,179.2	26	123,783	5
	France	3,744,060	6	5,736.0	30	87,093	8
	Spain	3,136,321	7	6,708.0	19	70,247	10
	Italy	2,976,274	8	4,922.6	41	98,635	6
	Turkey	2,734,836	9	3,242.7	67	28,771	20
	Germany	2,471,942	10	2,950.4	73	71,240	9
	Republic of Korea	91,240	86	178.0	165	1,619	86


Available from: https://covid19.who.int/.
WHO: World Health Organization, COVID-19: coronavirus disease 2019.



4. Sex and COVID-19
Regarding sex and the status of COVID-19, male COVID-19 patients were reported to have greater severity of illness and a higher mortality rate [21]. In December 2020, the number of cases was similar in both sexes, but the death toll was approximately 36% higher for males. This may be due to the larger number of ACE2 receptors in the lungs and heart of males [12]. Additionally, androgens can reduce immunity. Finally, smoking is a known risk factor for respiratory infections.

5. Urological Aspects of COVID-19
1) General considerations
No level 1 evidence regarding COVID-19 exists in the urologic field. Most papers were based on level 3 evidence or expert opinions, such as the actual urgency of each diagnostic or therapeutic procedure and the tradeoff between the available resources and the risks of deferring elective interventions [3].
The possibility of viral cystitis was initially reported in March 2020 [22]. Urosepsis cases that were then diagnosed with COVID-19, an increase in urinary frequency pre- and post-treatment (13.7/day) was observed in seven out of 57 males (12.3%). On the other hand, given that the symptoms worsened since the initial diagnosis of urosepsis, it may be insufficient to infer that an increase in frequency is a symptom of COVID-19. This case series may have erroneously inferred this because it was published early during the COVID-19 pandemic. Regarding the potential mode of action, the ACE2 receptor has been reported to act as a receptor for COVID-19 [23]. This leads to the possibility of infection of urothelial cells. Furthermore, infection through urine may be possible because some reports have found viral RNA in urine.
Considering the subsequent papers on COVID-19, the virus is unlikely to cause any urinary symptoms. The presence of urinary symptoms alone should not raise any significant concerns of COVID-19. On the other hand, a high level of suspicion of COVID-19 may be needed if a patient presents with fever in addition to the urinary symptoms. One paper published during the COVID-19 pandemic suggested that patients showed more critical and demanding urological manifestations in the emergency department [24].
There are several concerns of potential COVID-19 infections during procedures and standard medical practice. First, viral shedding in stools can persist for up to six weeks after the onset of symptoms. Thus, utilizing the transrectal approach during a pandemic may carry a potential infection risk [13]. Therefore, when COVID-19 is suspected, proper utilization of personal protective equipment must be observed despite the lack of reports of fecal–oral transmission of COVID-19 [11]. Second, laparoscopy can result in a high gas concentration in the abdomen and cause viral aerosolization [25]. Third, specimens associated with COVID-19 must be carried in non-leaking bags or containers. Hence, pathologists must use the appropriate protective equipment, including glasses, a medical mask, sleeves, gloves, a laboratory coat, and specific aprons. Furthermore, viral residue may remain on glass and plastic surfaces for up to nine days [26].

2) Acute kidney injury in COVID-19
In COVID-19 patients, the reported prevalence of acute kidney injury was 7.58% [12]. This has been reported as a possible manifestation of COVID-19 and suggests a more serious disease [27]. Although the mechanism is unclear, ACE2 receptors at the proximal convoluted tubules may be at high risk of viral invasion [11]. Acute kidney injury requires continuous renal replacement therapy, and the mortality rate is 93.3% [20].

3) Urological guidelines of COVID-19
The EAU released COVID-19 recommendations last April 2020 [28], with the last update released last January 2021. The paper assigned surgical patients into four priority levels described below, and only those of high priority and emergency cases could undergo surgery. Additionally, there are currently no high-quality reports, and there may be significant differences between countries and regions.
	Low priority: clinical harm very unlikely if postponed for six months

	Intermediate priority: clinical harm possible, but unlikely, if postponed for three-four months

	High priority: clinical harm very likely if postponed for >six weeks

	Emergency: life-threatening situation – cannot be postponed for >24 hours



AUA currently operates the COVID-19 information center [29]. Information regarding vaccines and various clinical insights about the urological field was updated every week. Most reports are related to early experience or telehealth, and there are little data on the urological oncological practice during the COVID-19 pandemic. During the pandemic, an argument claimed that patients preferred telemedicine to face-to-face consultation beyond the physician’s requirements [30-32]. BJU International also runs blogs on the urological aspects of COVID-19 [33].
(1) Renal cancer in COVID-19: Thus far, no high-level evidence regarding any direct correlation between urological tumors and COVID-19 exists [34]. On the other hand, some recommendations regarding situations where the potential infection risk and burdens on the medical staff are increased. The CCAFU recommended the treatment of renal cancer during the COVID-19 pandemic as follows:
	T1-T2: postponed under supervision

	T3- and symptomatic tumor: surgery

	Cytoreductive nephrectomy: decision according to the prognostic stage, monitoring, or medical treatment



(2) Bladder cancer in COVID-19: Data on the treatment of patients with Bacillus Calmette-Güérin (BCG) for bladder cancer and whether there is an increased risk of COVID-19 infection are currently limited. Moreover, it is unclear if the caregiver administering BCG treatment is at risk of contracting an infection from the COVID-19 patient. Thus far, in COVID-19 patients with non-muscle invasive bladder cancer, the installation of BCG is recommended to be delayed for at least three weeks after the initial symptoms in both the induction and maintenance period [35]. Nonsteroidal anti-inflammatory drugs (NSAID) are commonly used to control the symptoms in BCG-treated patients. On the other hand, they should only be used in patients with no COVID-19 infection because they may lead to a higher risk of hospital-ization and intensive care unit admission. Furthermore, there are some ongoing clinical trials on the use of BCG as a possible prophylactic vaccine against COVID-19 [36].
(3) Prostate cancer in COVID-19: A recent study reported that prostate cancer patients who received androgen deprivation therapy had a higher risk of COVID-19 infection [37]. In metastatic castration-resistant prostate cancer, the expression of the androgen receptor and TMPRSS2 were positively correlated. More androgens may increase the expression of TMPRSS2, which may lead to increased susceptibility to COVID-19. Nevertheless, this was not included in the National Comprehensive Cancer Network (NCCN) recommendations on prostate cancer management of COVID-19 patients [38].
(4) Stones in COVID-19: Urinary stone management accounts for up to 30% of the daily practice of a general urologist [39]. During the pandemic, stone patients were separated into those who could be delayed from those who could not [40]. The de-escalation of surgical activity has resulted in the treatment of emergency cases. A non-obstructing renal stone should be treated with low priority. The preferential cases were as follows: stones in a solitary kidney, acute kidney injury status, bilateral obstruction, and severe pain. In contrast, non-obstructing stones and ureteral stent removal should be rescheduled [41].
Most guidelines focused on delaying treatment by prioritizing the cases based on level 3 evidence or expert opinions. The establishment of a database of delayed treatments and surgeries is essential to understanding the possible effects on safety and outcome [42].



CONCLUSIONS
The COVID-19 pandemic has seriously threatened public health and has drastically changed medical and surgical priorities worldwide. Most hospitals have established guidelines on quarantine and what procedures must be performed according to the circumstances. Furthermore, it has become necessary to develop guidelines in the absence of high-level evidence to minimize the risk of COVID-19 infection during procedures and care. At the very least, efforts are needed to reduce the number of aerosol-generating procedures.
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