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Summary

Introduction
SARS-COV-2 is associated with unexpected symp-
toms. Several studies in adults reported urinary
frequency with COVID-19. The aim of this study is to
reveal lower urinary tract symptoms associated with
COVID-19 (CALUTS) in children.

Patients-methods
All children diagnosed with COVID-19 and associated
multisystem inflammatory syndrome in children
(MIS-C) between November 2020eJune 2021 in our
hospital were reviewed and asked for urinary
symptoms at the time of or following their disease.
The ones reporting symptoms were invited for
further evaluation. Parents were inquired for their
child’s former bladder and bowel function, their
symptoms after the diagnosis of COVID-19 or MIS-C,
onset and duration of the symptoms, and their cur-
rent state. They were questioned for the frequency
of voiding as well as dysuria, odor, and the presence
of incontinence as well as other symptoms of COVID-
19. The patients who reported symptoms at the time
of inquiry were followed for cessation of symptoms.
The parameters age, sex, need for hospitalization
and admission to ICU were also compared to the
whole group to evaluate the main characteristics of
patients with lower urinary tract symptoms.
Summary Figure Schem
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Results
In total 20 patients (18/216 with acute disease and 2/
36 with MIS-C) reported CALUTS (figure). Age and sex
distribution were not significantly different from the
patients without urinary symptoms (pZ 0.777 and
pZ 0.141 respectively). All were otherwise healthy
children with no concomitant chronic diseases other
thanoveractivebladder in two.Therewere13girls and
7 boys. Mean age was 11 years (�5 years). Thirteen of
the patients were older than 10 years; however, there
were also 3 children under 5 years of age. All parents
described a sudden onset of extremely increased uri-
nary frequency and urgency lasting for weeks which
disappeared gradually. Median bladder and bowel
dysfunctionquestionnaire (BBDQ) score before COVID-
19 was 2.5 (1e18) which increased to a median of 22
(15e29) at the time of the symptoms (p< 0.001). The
timing of onset and duration of symptoms were vari-
able and not associated with symptom severity
(pZ 0.306 and pZ 0.450 respectively). Eight patients
(40%) reported diarrhea. The duration of diarrhea was
limited to less than one week in all.

Conclusions
Our study revealed that SARS-COV-2 can be associ-
ated with lower urinary tract symptoms also in
children both during the acute phase and MIS-C.
Further studies are necessary to understand the
etiopathogenesis and prevalence of this unexpected
aspect of COVID-19.
e of the study design.
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Introduction

Coronavirus Disease-19 (COVID-19) pandemic tumbled our
lives and forced us to learn a lot about it in a short period of
time. Besides respiratory symptoms, SARS-COV-2 showed a
variety of unexpected manifestations [1].

COVID-19 associated urinary frequency is a phenomenon
reported in adults. Several papers confirmed its presence
but failed to explain its etiology. Some papers also re-
ported dysuria and irritative symptoms [2,3]. Some of them
interpreted it as a form of cystitis [3] and some of them
commented on an exacerbation in the symptoms of benign
prostatic hyperplasia (BPH) [4]. One paper stated higher
lower urinary tract symptom (LUTS) scores in older pa-
tients [2]. None of the papers described the progress of the
condition or made a satisfactory explanation about the
etiopathogenesis. One systematic review suggested dys-
regulation of renin-angiotensin system, the inflammatory
process in the prostate, the role of androgen receptors in
prostate, or other metabolic disorders as possible mecha-
nisms for exacerbation in BPH with COVID-19 [4].
Currently, there is only one case series about this topic in
children [5].

The aim of this study is to reveal lower urinary tract
symptoms associated with COVID-19 in children both with
acute disease and associated multisystem inflammatory
syndrome-children (MIS-C).

Methods

Study design and setting

This single center, retrospective study was conducted at a
665 bed, secondary care children’s referral hospital with an
approximately 485.000 patient admission annually. The
study was approved by the regional ethical review board
(protocol number: 2021/66).

Procedure and data collection

This study is based on a retrospective inquiry of urologic
symptoms associated with COVID-19 in children. Study
setup included phone calls to all patients diagnosed with
COVID-19 and MIS-C, retrospective chart review and sec-
ondary evaluation of children whose parents report urinary
symptoms.

All pediatric patients diagnosed with COVID-19 and
associated MIS-C between 01.11.2020 and 31.05.2021 in our
hospital were contacted. Parents of the pediatric patients
with COVID-19 or MIS-C were questioned for urologic
symptoms via phone calls. This phone call was performed
by three pediatric specialists who were responsible for the
management of COVID-19 and associated MIS-C in our hos-
pital (A pediatrician [OE], a pediatric infectious disease
specialist [AB] and a pediatric emergency care specialist
[AZB]). Each parent was called 3 times at most (on the same
day) and removed from the list if there was no answer. The
patients reporting positive symptoms were invited with
their parent(s) for further evaluation in the hospital.

Clinical data were collected from electronic medical
records and patient charts. The medical charts of pediatric
Please cite this article as: Tiryaki S et al., COVID-19 associated lower
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patients with COVID-19 or MIS-C were reviewed for age,
sex, underlying diseases, the blood and urine tests per-
formed, if the patient was hospitalized, and if they
required admission to the intensive care unit (ICU).

The secondary evaluation of patients describing urinary
symptoms was performed by a pediatric urologist (ST) in
hospital. In this secondary evaluation, parents and patients
were inquired for former bladder and bowel function using
a validated questionnaire in our language (which is the
translated form of the BBDQ by Drzewiecki et al.) [6,7],
symptoms after the diagnosis of COVID-19, onset and
duration of the symptoms, and current state. They were
questioned for the frequency of voiding as well as dysuria,
odor, and the presence of incontinence as well as other
symptoms of COVID-19. Children and parents were not
surveyed separately, the questions were answered by
children primarily, parents confirmed or interfered when
the child could not answer or did not recall. The patients
who reported symptoms at the time of inquiry were fol-
lowed for cessation of symptoms.

The parameters age, sex, need for hospitalization and
admission to ICU were also compared between patients
describing lower urinary tract symptoms and the whole
group to evaluate the main characteristics of patients with
lower urinary tract symptoms.

Definitions

� The patient with COVID-19 was defined as the person
whose diagnosis was confirmed with positive polymerase
chain reaction (PCR) test for SARS-CoV-2.

� The patient with MIS-C was defined according to the
WHO criteria [8].

Statistical analysis

The statistical analyses were performed using IBM SPSS
Package Version 20 (Armonk, NY, USA: IBM Corp.).
Descriptive statistics were used to summarize the baseline
patient characteristics. Pearson Chi-square, Wilcoxon,
ManneWhitney U, ANOVA tests were used where indicated
and noted throughout the text for each analysis. Distribu-
tion of normality for numeric data was tested using
KolmogoroveSmirnov test. A p-value below 0.05 was
considered statistically significant.

Results

There were 252 patients diagnosed with COVID-19, 216
(86%) could be contacted and 21 (10%) of them reported
urologic symptoms. There were 53 patients diagnosed with
MIS-C associated with COVID-19, 36 (68%) could be con-
tacted, 10 (27%) of them reported urologic symptoms. The
median interval between the phone call and the initial
diagnosis of COVID-19 or MIS-C was 5 (1e7) months. All 31
patients who confirmed presence of any urinary symptom
during the phone call were evaluated by the pediatric
urologist on the following week after the call.

Two of the 21 patients in acute COVID-29 group reported
intermittent random urinary incontinence without any
other symptoms including increased frequency, so they
urinary tract symptoms in children, Journal of Pediatric Urology,
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were not considered as COVID-19 associated LUTS. One
patient had a concomitant culture proven bacterial urinary
tract infection, and symptoms not typical like the others,
therefore excluded. Eighteen patients (8%) described a
typical course of increased voiding frequency with a sudden
onset and gradual recovery (Fig. 1). Eight of the ten pa-
tients in the MIS-C group described random intermittent
incontinence with no associated symptoms, so excluded.
Two of them (5%) described a course of urinary frequency
similar to the patients with acute COVID-19 infection
(Fig. 1). In total, 20 patients were confirmed to describe a
Fig. 1 Scheme of t

Table 1 Clinical characteristics of patients with COVID associat

Patient # Age
(years)

Sex Acute/
MIS-C

Onset of
CALUTS
(weeks)

Duration of
CALUTS
(months)

Pre-
COVID
BBDQ

1 6 M MIS-C 4 6 1
2 16 M MIS-C 0 3 1
3 14 M Acute 0 3 1
4 16 F Acute 2 1 3
5 17 M Acute 0 1 1
6 11 F Acute 1 1 3
7 11 F Acute 1 3 1
8 12 F Acute 2 3 1
9 11 F Acute 0 6 1
10 12 M Acute 0 3 3
11 5 F Acute 11 1 18
12 15 F Acute 1 3 2
13 17 M Acute 0 1 6
14 14 F Acute 0 1 3
15 4 F Acute 0 3 1
16 6 F Acute 0 1 5
17 17 F Acute 2 3 2
18 4 M Acute 4 3 5
19 6 F Acute 1 3 14
20 4 F Acute 1 3 3
a Resp: respiratory symptoms.
b Gastrointestinal symptoms.

Please cite this article as: Tiryaki S et al., COVID-19 associated lower
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similar pattern of urinary symptoms termed by the authors
as COVID-19 associated LUTS (CALUTS).

A summary of the study group is depicted in Table 1. All
were otherwise healthy children with no concomitant
chronic diseases other than detrusor overactivity in two.
There were 13 girls and 7 boys. Mean age was 11 years (�5
years). Thirteen of the patients were older than 10 years;
however, there were also 3 children under 5 years of age.

Mean BBDQ score of patients during the symptoms was
20.70 (�5.07). Total BBDQ scores had a positive correlation
with age. Preschool children (age 0e6) had higher scores
he study design.

ed lower urinary tract symptoms.

Per-
CALUTS
BBDQ

Per-CALUTS
Incontinence

Other symptoms Hospitalization

Fever Respa GISb

26 þ þ þ e þ (þICU)
16 e þ e e þ
15 e þ e þ e

15 e e þ e e

15 e þ e e e

23 þ e þ e e

23 þ þ þ e e

24 þ þ e e e

15 e e þ e e

24 þ þ e þ e

23 þ þ þ e þ
15 e þ þ þ e

18 e þ e e e

15 e þ þ þ e

21 þ þ þ þ þ
24 þ þ e e e

28 þ þ e þ e

17 þ þ þ e e

29 þ þ þ þ þ
28 þ þ þ þ þ

urinary tract symptoms in children, Journal of Pediatric Urology,
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than older children (24 vs 18.92 respectively, p Z 0.029,
Independent Samples t Z test). Answers to questions are
depicted in Table 2. The answer to the question of fre-
quency (question #3) was more than 8/day in all. On the
other hand, none described pain during voiding, straining,
difficulty to start voiding or an interruption in voiding
(questions 6, 9 and 10).

The course of the symptoms was similar in all patients
with sudden onset of extremely increased frequency (more
than twice an hour), continuation of symptoms for a while,
and then gradual recovery with time. All parents reported
that it was most intense during the week it started. How-
ever, timing of onset and duration of symptoms showed
some differences. Nine patients (45%) had increased void-
ing frequency at the time of COVID-19 diagnosis (starting
with other symptoms of COVID-19), 6 (30%) said it started
after a week, 3 (15%) after two weeks, and 2 (10%) said
after a month. There was no relation between BBDQ scores
and the timing of onset (p Z 0.306, KruskaleWallis).
Duration of intense symptoms was one month in 7 (35%),
three months in 11 (55%), and 6 months in 2 (%10). There
was no relation between BBDQ scores and the duration of
symptoms (p Z 0.450, KruskaleWallis).

Main symptoms were frequency and urgency. Some
parents also described intermittent urinary incontinence
while others were continent despite nocturia (Table 1).
Details for each patient are depicted in Table 1. None of the
parents described pain, dysuria, or bad odor. Eight patients
(40%) reported diarrhea. The duration of diarrhea was
limited to less than one week in all. The others did not
describe any differences in stool frequency or consistency.
Median BBDQ score before COVID-19 was 2.5 (1e18) which
Table 2 Bladder Bowel Dysfunction Questionnaire (BBDQ) con
Likert scale (0e4) and one question about ease in answering. Answ
clinical aspect and total score for each group is given. The colum
incontinence (questions #1e2), urinary frequency (question #3),
10), nighttime symptoms (questions #7e8), constipation and enc

Patient# Sex Age Daytime incontinence Frequency U
s

1 M 6 5 4 8
2 M 16 0 4 8
3 M 14 0 4 7
4 F 16 0 4 6
5 M 17 0 4 7
6 F 11 6 4 5
7 F 11 2 4 7
8 F 12 3 4 7
9 F 11 0 4 6
10 M 12 6 4 7
11 F 5 8 4 7
12 F 15 0 4 5
13 M 17 0 4 7
14 F 14 0 4 5
15 F 4 4 4 6
16 F 6 0 4 8
17 F 17 7 4 7
18 M 4 4 4 6
19 F 6 7 4 8
20 F 4 7 4 8

Please cite this article as: Tiryaki S et al., COVID-19 associated lower
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increased to a median of 22 (15e29) at the time of the
symptoms (p < 0.001, Wilcoxon). All patients with symp-
toms at the time of inquiry were followed and returned to
their baseline toilet habits at a maximum duration of six
months (Table 1). Urine tests at the time of study was
normal in all patients.

All parents confirmed that they reported their child’s
symptoms to their physician which were overlooked in
most. Eight patients had a urine test during symptoms, all
were normal. Three patients were referred to pediatric
urologist for ongoing symptoms (after a month in two sisters
[patient #19 and 20] and after three months in patient #1).
One patient (patient #9) with ongoing symptoms was
discovered with this study with no former referral. In total,
four patients were seen by the pediatric urologist when
they still had symptoms. Uroflowmetry with EMG was
normal besides a reduced amount in these four patients
(Fig. 2). None had post-voiding residuals. Two-days voiding
diary showed increased frequency without polyuria. They
all reported that frequency was worse when the symptoms
first started and that it was getting better. These four
children reported no other symptoms of discomfort or a
feeling of incomplete emptying. Oxybutynin was given to
these four patients (by mother empirically as described
below to two sisters and by the prescription of the pediatric
urologist who is one of the authors in other two) and it
changed nothing.

Patients with CALUTS were also evaluated for the pres-
ence of other system symptoms. Both patients with MIS-C
had cardiac involvement and fever. One of them had res-
piratory distress, neither described gastrointestinal symp-
toms. Eight of the patients with acute disease described
sists of 13 questions about urinary symptoms in the form of
ers to the 13 questions about symptoms are grouped for each
ns depicting the answers to questions are as follows: daytime
urgency symptoms (questions #4e5), voiding problems (#6, 9,
opresis (questions #11e13). (F: Female, M: Male).

rgency
ymptoms

Nighttime
symptoms

Voiding
symptoms

Constipation&
encopresis

Total

8 0 1 26
3 0 1 16
3 0 1 15
4 0 1 15
3 0 1 15
7 0 1 23
8 0 2 23
8 0 2 24
4 0 1 15
6 0 1 24
3 0 1 23
3 0 3 15
3 0 4 18
3 0 3 15
6 0 1 21
6 0 6 24
6 0 4 28
2 0 1 17
8 0 2 29
8 0 1 28

urinary tract symptoms in children, Journal of Pediatric Urology,
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gastrointestinal symptoms (mostly abdominal pain and
diarrhea). Present symptoms for each patient are depicted
in Table 1. There was no relation with the presence of
gastrointestinal symptoms and BBDQ scores (21.9 vs. 19.9)
(p Z 0.413, Independent samples t-test).

Two patients had abnormal BBDQ scores before COVID-
19. Both had a former diagnosis of overactive bladder. One
had no symptoms with anticholinergics and described no
effect of oxybutynin during CALUTS. The other did not use
anticholinergics despite being prescribed, started it during
the symptoms with no success either.

The two patients with MIS-C and four of the patients
with acute disease required hospitalization. BBDQ scores
were higher for children who required hospitalization (24
vs. 19); however, difference was statistically insignificant
(p Z 0.069). One of the two children with MIS-C required
ICU, the other did not.

We evaluated if age and sex distribution was different
from the whole group in patients with CALUTS. Mean age
was 11 years for patients with CALUTS and 11.3 years for
patients without symptoms (p Z 0.777, Independent sam-
ples t-test). The ratio of girls seemed higher in the group of
patients with CALUTS (65% vs 47%), but the difference was
statistically insignificant (p Z 0.141, Pearson Chi-square).

We also evaluated if admission to hospital and ICU
differed from the whole group in patients with CALUTS. Six
of the 20 children with CALUTS (30%) and 42 of the 232
children with no symptoms (18%) required hospital admis-
sion (p Z 0.194, Pearson Chi-square). One of the 20 chil-
dren (5%) with CALUTS and 28 of the 232 children with no
symptoms (12%) required ICU admission (p Z 0.342, Pear-
son Chi-square).

We also observed some incidents that might shed light to
the etiology.
Fig. 2 Uroflowmetry of patient #9 four months after the start of
with only mild respiratory symptoms of COVID-19 (EBC: expected bla
flow rate).

Please cite this article as: Tiryaki S et al., COVID-19 associated lower
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� The two patients with MIS-C did not have urinary symp-
toms during the acute phase of the disease.

� One of the patients had increased urinary frequency
when she was diagnosed with COVID-19. She was hospi-
talized with MIS-C one month later, her symptoms
continued for three months also during the MIS-C period,
and then ceased gradually.

� Two of the children in our study group were sisters. The
older one had a diagnosis of overactive bladder sup-
pressed with oxybutynin. The younger left diapers at age
2 and had no urinary symptoms. They both had a mild
COVID-19. After a week, frequent voiding started the
same day for both. The mother being familiar with
detrusor overactivity started oxybutynin to the younger
and increased the dose for the older after seeing normal
urine tests. It didn’t work. The symptoms lasted 3
months for both and then gradually ceased. The younger
returned to normal and the older ‘to her normal’ at
about the same time.

Discussion

Increased urinary frequency with COVID-19 was first re-
ported in seven men by Mumm et al. [9]. They interpreted
these findings as a form of viral cystitis. Later, several pa-
pers in adults focused on this topic with some variations in
study design and various conclusions about the etiology.

There is only one case series regarding LUTS in children
associated with COVID-19. This paper involves three chil-
dren aged 14e17 years who presented with urinary reten-
tion and required clean intermittent catheterization after a
median interval of three months. The authors performed
urodynamics and showed a-contractile detrusor in two pa-
tients and hypo-contractile detrusor in one patient) [5]. Our
symptoms. Symptoms lasted 6 months in this 11 years old girl
dder capacity for age, Qmax: maximum flow rate, Qave: average

urinary tract symptoms in children, Journal of Pediatric Urology,
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study did not involve invasive urodynamics but had some
discordant findings. None of the children in our study
described difficulty in voiding, straining or intermittent
voiding. The four children who had uroflowmetries in our
series had normal flow patterns with no residuals. It is
difficult to make conclusions as both studies involve a
limited number of patients; however, this might be sec-
ondary to different clinical presentations of CALUTS or that
none of the patients in our study were evaluated at the
time of initiation of symptoms.

Urgency and frequency are in fact nonspecific symptoms
hard to comment on without other findings; however, all
our patients had an identical course. All parents described
a sudden onset of extremely increased urinary frequency
(more than twice an hour) and urgency lasting for weeks
which disappeared gradually. Another interesting finding
was the variation in the timing of onset and duration of
symptoms in every patient. Despite the identical pattern,
onset and duration was variable in each patient with no
relation between intensity of symptoms and duration or
timing of onset.

Tian et al. showed urine shedding of SARS-COV-2 in 38 of
the 52 COVID patients [10]. Viral load in urine might be an
explanation for the symptoms. On the other hand, there was
no hematuria, dysuria, pain, or bad odor in any patient in our
study. All performed urine tests were also normal. This is not
a typical course for any form of cystitis. We also demon-
strated symptoms in two patients with MIS-C which is a phase
without active viral replication. Also, these two patients had
no symptoms during acute phase. We therefore sought for an
explanation other than cystitis for the etiology.

Lamb et al. found increased urine cytokines in patients
with COVID-19 and suggested that ongoing symptoms after
the acute course can be the result of a chronic inflamma-
tory condition [3]. This seems to be a better explanation
considering symptoms also in patients with MIS-C. We
thought a worse prognosis in patients with more symptoms
will support this theory. Current studies also support this. In
the study by Tian et al., patients with urine shedding had
worse renal function and clinical outcome [10]. They
attributed this relation to a higher viral load or presence of
a new or preexisting endothelial damage in those patients.
Bladder function was not a parameter evaluated in their
study. Karabulut et al. suggested worse progress in patients
with more LUTS symptoms [11]. In our study, BBDQ scores
were higher for children who required hospitalization, and
hospitalization rate was higher in patients with CALUTS, but
the difference was statistically insignificant for both. On
the contrary, ICU admission rate was lower in patients with
CALUTS. This might be due to sample size; however, our
study failed to show a relation between disease severity
and intensity of bladder symptoms.

Another explanation for the etiology could be autonomic
dysfunction. Autonomic dysfunction was reported to be
prevalent in patients after COVID-19 and was attributed to
either virus infection or immune response on the autonomic
nervous system. Stella et al. evaluated autonomic
dysfunction symptom score in post-COVID patients to
question this theory and revealed higher scores in patients
with neurological symptoms. Urinary domain score was also
higher in these patients [12]. Progression of the symptoms
in our patients resembled a form of autonomic neurogenic
Please cite this article as: Tiryaki S et al., COVID-19 associated lower
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dysfunction. Some of our patients also had diarrhea which
is in fact a common finding in COVID. However, alteration in
stool frequency and consistency was not a consistent
finding in our patients. We unfortunately had no further
data evaluating autonomic dysfunction in our patient
population.

Androgen receptors were hypothesized to be essential
for priming of the viral spike protein [13]. Some papers in
the subject attributed increased urinary frequency to an
exacerbation in BPH and pointed this relation with
androgen receptor for etiology [4,11,14]. The epidemio-
logic data about COVID-19 in general also revealed a gender
selection with worse disease in men [15]. There were more
girls with CALUTS in our study despite the balanced ratio in
the whole COVID group. Girl predilection in our study might
have been due to sample size bias or inclusion of both
hospitalized and non-hospitalized patients. Even in that
case, our study revealed evidence against BPH and
androgen receptor theories for CALUTS.

A study by Werion et al. reported renal proximal tubular
dysfunction in patients with COVID which was independent
of pre-existing comorbidities, glomerular proteinuria,
nephrotoxic medications, or viral load [16]. We did not
specifically search for renal tubular dysfunction; however,
urine tests performed were normal in all patients with
normal density and no overt proteinuria.

The frequency of patients with symptoms was higher
(12%) in the study by Mumm et al. [9] than ours. Karabulut
et al. [11] found worse clinical outcome in patients with
more LUTS symptoms. The lower frequency in our study can
be due to the difference in sample size, that our patients
are all children or that all patients in Mumm’s study were
hospitalized. The design of other published studies does not
allow any further comment about the prevalence of CALUT
among patients with COVID-19.

Can et al. found higher LUTS scores in older patients [2].
Our study showed higher BBDQ scores and more frequent
incontinence in younger children. It’s hard to comment as
the study group is small and data was retrospective, but
this probably better control of continence ensured by going
to toilet more frequently in older children.

The major limitation of our study was the retrospective
inquiry of symptoms from parents which makes our study
prone to recall bias. Nonetheless, urinary frequency was so
intense (more than twice in an hour) that there was prob-
ably no problem in its reporting. Other possible milder
symptoms that were recorded as absent (i.e., dysuria, bad
odor) might actually be overlooked. We also did not have
urine tests performed from all patients at the time of
symptoms to exclude bacterial cystitis in all; however,
disease course was identical in all and atypical for bacterial
cystitis.

Conclusion

Coronavirus disease not only effected our lives hugely as a
pandemic, but also changed clinical practice in every
medical profession due to wide spectrum of symptoms COV-
SARS-2 causes. Our study revealed an interesting pattern of
severe but temporary lower urinary tract symptoms asso-
ciated with COVID in children. Future studies with larger
sample size will provide more data and evidence on the
urinary tract symptoms in children, Journal of Pediatric Urology,



COVID-19 associated LUTS in children 1.e7

+ MODEL
etiology of CALUTS in children. Further follow-up of these
children is necessary to evaluate for symptom recurrence.
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