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Abstract

BACKGROUND

The Coronavirus Disease 2019 (COVID-19) caused by the severe acute respiratory
syndrome coronavirus 2 virus is an international health concern with substantial
morbidity and mortality. COVID-associated cystitis (CAC), presents as new onset
or exacerbated urinary symptoms, resembling overactive bladder (OAB) symp-
toms.

AIM

To examines the long-term outcomes of patients with CAC in the context of Long
COVID.

METHODS
A cohort of 350 patients admitted to Detroit Hospitals with COVID-19 between
May and December 2020, displaying CAC symptoms following discharge, was
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prospectively followed. Initial urologic evaluations occurred at 10-14 wk and were repeated at 21-28 mo post-
discharge. Symptoms were managed conservatively, employing behavioral modifications and standard OAB
medications. Participants completed surveys assessing urinary symptoms and quality of life (QoL) at both time
points. The primary outcome was the Urology Care Foundation Overactive Bladder Assessment Tool.

RESULTS

87% of the final cohort (n = 310) reported symptom improvement at 21-28 mo post-discharge. Patients with new
onset CAC symptoms showed a median decrease of 9-10 points in OAB and QoL scores, while those with existing
symptoms experienced a decrease of 6 points. Overall, 95.4% of patients with new onset symptoms reported symp-
tom improvement at follow-up, contrasting with 60.7% among those with existing symptoms.

CONCLUSION

This study presents the first long-term follow-up of adult patients with CAC, revealing a promising prognosis with
conservative management measures in the context of Long COVID. These findings provide reassurance to patients
regarding symptom resolution and underscore the need for further research into this evolving aspect of COVID-
19's impact on urological health.
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Core Tip: Coronavirus disease (COVID)-associated cystitis (CAC), presents as new onset or exacerbated urinary symptoms
that may resemble overactive bladder symptoms. To our knowledge, this study is the first long-term follow-up of adult
patients with CAC. Our data reveals a promising prognosis with conservative management measures in the context of Long
COVID. These findings provide reassurance to patients regarding symptom resolution and underscore the need for further
research into this evolving aspect of COVID-19's impact on urological health.
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INTRODUCTION

Coronavirus Disease 2019 (COVID-19) is an infection caused by the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) virus which was originally identified in late 2019. There have been over 100 million reported cases and
over 1 million deaths from COVID-19 in the United States since January 2020. It is clinically defined by a constellation of
symptoms including fever, upper respiratory symptoms, and fatigue, among many others. While most of the symptoms
associated with acute COVID-19 infection are upper respiratory in nature, numerous organ systems have been recognized
to be associated with COVID-19 infection. Urologic manifestations of COVID-19 have been limited, with the coronavirus
family in general causing renal and testicular dysfunction, and having only a low likelihood of being detected in the urine
[1,2]. Early studies noted increases in urinary frequency, urgency, and nocturia post COVID-19 infection and termed this
condition COVID-associated cystitis (CAC)[3].

The COVID-19 recovery time ranges from up to 7 days for mild illness to > 6 wk for severe cases[4]. However, approx-
imately 80% of recovered patients will have one or more long-lasting symptoms[5]. CAC, a condition associated with new
onset urinary symptoms or exacerbations of existing urinary symptoms is believed to be a manifestation of Long COVID
[6]. Most commonly, patients experience new onset or exacerbation of existing symptoms consistent with overactive
bladder (OAB). Clinical presentation can include urgency, frequency, nocturia, dysuria and/or urge urinary incontinence.
Little is known on the management and long-term outcomes for patients diagnosed with CAC. More recently, we
published OAB survey-based results of a cohort of 350 patients suffering from new or worsening OAB symptoms 10-14
weeks after their COVID-19 related hospital stay[7]. The intent of this study is to follow our cohort of 350 patients with
OAB survey based results 21-28 mo after their hospitalization from COVID-19.

MATERIALS AND METHODS

This study was conducted in accordance with the Declaration of Helsinki and had full ethical approval from Wayne State
University’s Internal Review Board (IRB#20-04-2126-M1). Informed written consent was provided by all research
participants. Discharged participants were originally admitted to one of two inner-city Detroit Hospitals for management
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of COVID-19 infection between May 22, 2020 and December 31, 2020. From this group, patients who endorsed new or
worsening urinary symptoms following hospital discharge were referred to a urologist. Initial urologic evaluation
occurred during a scheduled appointment 10-14 wk following discharge and then was repeated at a second scheduled
appointment 21-28 mo following discharge. During the interval between initial assessment and long-term follow-up,
patient’s symptoms were managed conservatively in a similar manner to OAB including behavioral modification and
medications (anticholinergics and beta-3 agonists).

Respondents were informed that they would be asked questions regarding their urinary wellness, in addition to
information regarding age, race, history of OAB or benign prostatic hyperplasia, and current medications to control
urinary symptoms. When possible, the patient’s hospital admission and discharge dates were confirmed to establish
length-of-stay. Patients were given the option to decline participation or stop the survey at any time.

Our primary outcome variable was the American Urological Association’s Urology Care Foundation Overactive
Bladder Assessment Tool. The five individual symptom scores for frequency (range from 0 to 5; 0 being ‘not at all” and 5
being ‘almost always’) of the following symptoms: Urgency, urge incontinence, incontinence, frequency, and nocturia.
The total symptom score ranges from 0 (no symptoms) to 25 (most severe symptoms). Additionally, there are four QoL
questions regarding symptom bother (range from 0 to 5; 0 being ‘I am not bothered at all’ and 5 being ‘I am bothered a
great deal’) for urgency, urge incontinence, frequency, nocturia, and overall satisfaction with their current urinary
condition. This score ranged from 0 representing “not bothered at all” to 5 representing “bothered a great deal”. Patients
with history of OAB symptoms were asked to score their pre-COVID-19 symptoms compared to post-COVID-19
symptoms. Lastly, a final QoL question asks, ‘How have your symptoms changed your life?’ Patients could then select all
of the eight associated questions pertaining to specific life activities that are affected by their OAB (e.g. Keeping you from
getting a good night’s sleep?; Causing you to stay home more than you would like?; Causing you to exercise less or limit
your physical activity?; Causing problems with friends or loved ones?; Keeping you from social activities or en-
tertainment?; Keeping you from traveling, taking trips, or using public transit?; Making you plan trips around your
knowledge of public restroom location?; Causing problems at work?), including a free-response option.

RESULTS

A total of 350 patients admitted with COVID-19 from May 22, 2020 and December 31, 2020 were identified with a clinical
history consistent with CAC (Table 1). At initial urologic evaluation (at 10-14 wk), 250 (71%) patients were identified with
new onset of symptoms, and 100 (29%) with worsening of existing symptoms. 30 of the patients with new symptoms and
10 with worsening of existing symptoms were lost to follow up. A total of 310 patients completed long-term follow up at
21-28 mo. The average age of this final cohort was 64 (range 47-82). The final cohort included 180 (58%) men and 130
(42%) women. 280 (90%) of the final cohort were black and the remaining 45 (13%) were white.

All 350 patients of the initial cohort completed the symptom score and QoL surveys at 10-14 wk post covid discharge.
The median total OAB symptom score in both men and women was 18 (ranges 12-20 and 15-21, respectively). In patients
with new onset OAB symptoms, the initial median symptom score was 18 (12-21). Patients with worsening OAB
symptoms had an initial median symptom score of 19 (17-21) compared to a median pre-COVID-19 symptom score of 8
(4-10). The median QoL score for both men and women was 19 (16-20 and 16-21, respectively). In patients with new
onset OAB symptoms, the median QoL score was 19 (16-24). In patients with worsening OAB, median pre-COVID-19
QoL score was 9 (8-10) compared to a median QoL score of 20 (19-20) at initial evaluation. Results are presented in
Table 2.

All 310 patients completed the symptom score and QoL surveys at 21-28 mo post covid discharge. When compared to
the initial urologic evaluation, patient reported scores at long-term follow up of 21 to 28 mo revealed decreases in median
OAB and QoL scores for all groups (Table 2). Overall, 270 (87%) patients reported improved scores with conservative
management. We observed a decrease in median score for both the OAB and QoL assessments from 18 (range 17-21) and
19 (range 18-20) down to 7 (range 4-20) and 8 (7-20) respectively. Of the 220 patients with new onset symptoms evaluated
at the end of the study, 210 (95.4%) reported improvement in symptoms. Of the 90 patients with existing symptoms prior
to COVID -19 infection and long term follow up, only 60 (60.7%) reported an improvement in their scores. In the existing
symptom group, there was a decrease in median OAB and QoL scores of 6 points compared to a 9-10 point decrease in
the new onset group.

DISCUSSION

Increased urinary frequency with COVID-19 was first reported in seven male patients by Mumm et al [8]. Despite an
increasing number of subsequent studies reporting CAC, there is a paucity of long-term data regarding the prognosis and
management of this condition. To our knowledge, this is the first prospective study with long-term follow up of adults
with CAC. Here, we demonstrated that the majority (87%) of patients with CAC had significant improvement in their
symptoms with conservative management at 21-28 mo follow up. Although our cohort only included adults, the results
are consistent with a case series by Tiryaki et al[9] that followed 20 children (mean age 11) who developed CAC within a
month of acute COVID infection. Their study reported all children eventually had complete resolution of symptoms,
returning to their baseline toilet habits, within a maximum of 6 mo. The findings of a retrospective cohort study by Welk
et al[10] cast doubt on the connection between COVID-19 and CAC. According to this study, bladder impairment after an
acute COVID-19 infection may not manifest.
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Table 1 Demographics of study population at 10-14 wk and at 21-28 mo, n (%)

Initial urologic assessment (10-14 wk) Follow up urologic assessment (21-28 mo)
Patients (1) 350 310
Age [median(range)] 64.5 (47-82) 64 (47-82)
Gender
Female 140 (40) 130 (42)
Male 210 (60) 180 (58)
Ethnicity
Black 305 (87) 280 (90)
White 45 (13) 30 (10)
Onset of symptoms
New 250 (71) 220 (71)
Worsening 100 (29) 90 (29)
BPH 110 (52) 80 (44)

BPH: Benign prosthetic hypertrophy.

Table 2 Outcomes assessment

Initial urologic assessment (10- Follow up urologic assessment
14 wk) (21-28 mo)
OAB symptom score median QoL score median OAB symptom score median (range) Qol score median
(range) (range) (range)
New symptoms (1 = 250)" 18 (12-21) 19 (16-24) 9 (4-21) 9 (7-20)
Worsening symptoms (1 = 19 (17-21)° 20 (19-20)° 13 (5-21) 14 (6-20)
100)°
Female (n = 140) 18 (15-21) 19 (16-21) 8 (4-21) 7 (6-22)
Male (n = 210) 18 (12-20) 19 (16-20) 7 (5-20) 8 (6-23)

30 patients lost to follow up.

P10 patients lost to follow up.

“Pre-COVID OAB and QoL median score: 8 (range 4-10) and 9 (8-10) respectively.
CAC: COVID-associated cystitis; OAB: Overactive bladder; QoL: Quality of life.

The primary explanation about the pathogenesis of CAC, which is still under debate, is that excessive expression of
inflammatory mediators causes inflammation of the urothelium, which in turn causes bothersome lower urinary tract
symptoms. Increased levels of inflammatory cytokines that are either active in the bladder or in the urine have been
linked to CAC and the accompanying bladder voiding dysfunctions[7]. However, the exact pathophysiology of CAC is
still under investigation and multiple studies have proposed multiple theories with supporting scientific evidences.
Given that SARS-CoV-2 viral RNA has been detected in the urine sample of infected patients[11], and that ACE2 receptor
is expressed on urothelial cells[12], it is proposed that SARS-CoV-2 directly invades urothelial cells via the ACE2 receptor
ultimately leading to viral cystitis. Another theory involves the role of pro-inflammatory cytokines on the bladder mucosa
as the cause lower urinary tract symptoms. These cytokines, namely IL-6, IL-8, and IP-10, were present in elevated levels
in the urine of COVID-19 patients compared to the control group. Is it hypothesized that elevated levels of pro-inflam-
matory cytokines in contact with bladder mucosa causes changes in sensitization or function of these cells leading to
lower urinary tract symptoms[3].

According to a recent study, CAC is a COVID-19 related concern that is becoming more common yet is still overlooked
[13]. Considering CAC's novelty, there are no published guidelines for managing the condition, nor is there a standard
test for diagnosing it. The primary objective of the symptom-based therapeutic approach for CAC is still OAB mana-
gement. Given that inflammatory cascades are most likely responsible for the pathogenesis of CAC, immunomodulators
that decrease pro-inflammatory cytokines and increase anti-inflammatory cytokines may hasten healing[14]. The OAB
symptoms can be severe with serious quality of life implications with some patients reporting a urinary frequency of over
13 episodes per day and nocturia greater than 4 episodes a night[15]. In our cohort, most of the patients (87%)
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experienced symptom relief with conservative management consisting of behavioral modification and standard OAB
medications (anticholinergics and beta-3 agonists). In our cohort 40, patients continue to experience urinary frequency of
over 13 episodes per day and nocturia greater than 4 episodes a night.

Our study has several limitations including the lack of objective metrics to assess urological symptoms, instead we
relied on validated questionnaires which could potentially be impacted by recall bias. We also were unable to assess
patient baseline symptoms prior to COVID-19 infection which makes it difficult to assess if patients has completely return
to baseline at long-term follow up. Additionally, there was a long gap (21-28 mo) between the initial urologic evaluation
and follow up assessment. A shorter and more frequent follow up schedule could have provided additional insight into
the timeline of CAC symptoms. The strength of this study is the large cohort (n = 310) relative to existing studies and the
representation of African American patients who traditionally have been underrepresented in medical literature[16].

CONCLUSION

We present the first long-term follow-up of adult patients who developed CAC and assessed the prognosis of CAC in
Long COVID. We found that after 21-28 mo, only 13% (40/310) of patients had persistent bothersome OAB symptoms.
Patients with Long COVID and CAC may be reassured that symptoms resolves in vast majority of cases through conser-
vative management strategies.

ARTICLE HIGHLIGHTS

Research perspectives
We believe these findings can reassure patients regarding new onset or worsening urinary symptoms in the setting of

long coronavirus disease (COVID). Although, additional research needs to be performed to further investigate the impact
of COVID-19 on urological health.

Research conclusions
To our knowledge this is the first study to report long term follow up of patients with COVID-associated cystitis (CAC).
Our results suggest a promising prognosis of these patients when managed conservatively.

Research results

Of the 350 participants included in this study, 310 patients (87%) reported improvement in their urinary symptoms at 21-
28 mo following their COVID-19 hospitalization discharge. Of those, the patients with new onset CAC symptoms
displayed a decrease of 9-10 points in the overactive bladder (OAB) and quality of life scores and 95.4% of these patients
reported symptom improvement at follow-up. On the other hand, patients who previously experienced symptoms of
OAB had a score decrease of 6 points and 60.7% of these patients had symptomatic improvement at follow-up.

Research methods

We prospectively evaluated a cohort of 350 patients who were previously hospitalized for COVID-19 between May and
December 2020. These patients were included in the study if they displayed any CAC symptoms following their hospital
discharge. Patients were evaluated using surveys that assessed their urinary symptoms as well as their quality of life at
two time points; 10-14 wk following discharge and 21-28 wk following discharge. Their symptoms were managed using
conservative measures such as behavior modification and standard OAB medications.

Research objectives
We aimed to evaluate a cohort of 350 patients for new or worsening OAB symptoms using OAB survey based results 21-
28 mo following their COVID-19 hospitalization.

Research motivation

There have been early observational studies that suggest COVID-19 can manifest as urologic symptoms including urinary
frequency, urgency, and nocturia which has been CAC. We recently described the results of OAB on a cohort of 350
patients who report new or worsening OAB symptoms 10-14 wk following their COVID-19 hospitalization, but there is
little known regarding the management and long-term outcomes of CAC.

Research background

COVID-19 is an infection caused by the SARS-CoV-2 virus that has caused over 100 million cases and over 1 millions
deaths in the United States since its identification in late 2019. There are many symptoms attributed to COVID-19 and
multiple organ systems are known to be impacted including urologic manifestations. Little is known regarding long term
manifestations and the impact of COVID-19 on the urologic system.
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