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1. INTRODUCTION

1.1. Background

Since the second half of the 20th century the widespread use of antibiotics in healthcare,
agriculture, and environment has led to a rapid increase in resistance of bacteria to antibiotics.
Today it has become such a severe global issue that the WHO has listed it among the most
dangerous threats to mankind. According to a case study from 2011-2012, 91 000 deaths are
related to healthcare-associated infections in the European Union yearly. Of these, 15 000 can
be attributed to healthcare-associated urinary tract infections [1]. Another study revealed that
multidrug-resistant bacteria (resistant to more than three unrelated antibiotic groups) are
responsible for 25 000 deaths in the European Union every year, which is higher than the
number of deaths caused by HIV/AIDS, Parkinson's disease, or suicide. The cost expenses on
multidrug-resistant bacteria exceed 1.5 billion Euros per year [2].

Without immediate interference the antimicrobial resistance is going to lead to devastating
consequences from a medical, scientific, and also economical point of view [3]. The spread of
resistant strains soon will result in the deficit of antibiotic agents to treat patients, and the chance
of successful empirical antibiotic treatment will notably decrease. As a result morbidity and
mortality would largely increase. By 2050, the expected mortality from infections caused by
multidrug-resistant bacteria would outgrow the number of deaths caused by cancer, reaching
10 million people per year worldwide [3, 4].

Despite the obvious threat, in the last twenty years research and funding on the subject
decreased, as an increasing number of companies have abandoned antiinfective research [5].
New antibiotics with novel actions will not be available in the near future [2]. As a result, our
actions against the increasing resistance are already delayed by 20 years. It is inevitable to
initiate intense research and implement global strategies in order to delay the spread of bacterial
resistance to antibiotics and gain time for the development of new antibiotics effective against
the actual multidrug-resistant bacteria. Moreover, implementation of non-antibiotic measures

should replace antibiotic treatment whenever reasonably possible.



1.2. Stewardship programs

Positive news is that the international cooperation has already begun. Antibiotic stewardship
programs have been developed to set coordinated strategies for reducing antimicrobial
resistance [6]. Recently the government of the United Kingdom (UK) has initiated the Fleming
fund investing 375 million USD in surveillance of resistance in emerging countries, and further
Chinese and UK collaboration is expected with the Global Innovation Fund. In 2014 the
government of the UK conducted a massive investigation to reveal the most effective and
affordable methods to tackle down the antibiotic resistance. As a result, the strategies of the
stewardship programs have been summarized and published within the O’Neill report [4]. The
most important methods are listed in Table 1. They emphasize, that the cause of the increasing
resistance is multifactorial, and so should be the solution. The main strategies are based both
on prudent antibiotic use and further research [7]. At first, we need to cut the unnecessary
antibiotic consumption. With proper antibiotic use we can delay the development of the
resistance in our clinical practice, while enhancing patient health outcomes at the same time.
Whereas, further research should focus on the development of new antibiotics and alternative
non-antibiotic treatment methods. For early recognition of whether antibiotic treatment is

indicated or not, development of new rapid diagnostic methods is required.

Table 1. Methods to tackle down resistance according to the O'Neill report [4]

I. Prudent antibiotic use in practice 11. Further scientific research

a) Public awareness, education f) Novel antibiotics

b) Avoidance in agriculture g) Non-antibiotic treatment

¢) Avoidance in medicine h) Rapid diagnostic procedures

d) Local and global surveillance i) Novel catheters

e) Adherence to the guidelines j) International coalition on research and action

a) Public awareness, education: Education on the proper infection control, sanitation, and
hygiene is crucial. The population, the workers in the agriculture and the medical personnel
should be aware regarding the consequences of excessive antibiotic consumption. We need to

change the widespread belief that infections generally require antibiotic treatment.
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b) Avoidance in agriculture: The amount of antibiotics utilized in livestock is vast and often
includes medicines also used in humans. In the USA over 70% of the total volume of the
antibiotics defined as medically important for humans by the FDA (Food and Drug
Administration) are sold for use in animals [4]. It is mandatory to change the uncontrolled
antibiotic usage policy in the agriculture.

¢) Avoidance in medicine: Knowledge on when to omit the use of antibiotics is crucial.
Treatment of asymptomatic bacteruria should be limited only to surgical prophylaxis or during
pregnancy [8]. Furthermore, we need to avoid the use of broad-spectrum antibiotics whenever
reasonably possible. The excessive use of antibiotics with broad-spectrum of action leads to the
disruption of the patients' normal flora and results in the development of further opportunistic
infections.

d) Local and global surveillance: The local antibiotic policies have substantial impact on the
resistance, therefore it may vary depending on the geographic region and change with time [9].
Continuous local and global surveillance serves as the basis for building up the optimal
strategies for empirical antibiotic treatment and surgical prophylaxis.

e) Adherence to the guidelines: Besides providing detailed recommendations for the treatment
of UTIs, the guidelines help in choosing the appropriate antibiotics for prophylaxis in different
types of urologic surgical procedures. A study revealed that adherence to the European
Association of Urology (EAU) Guidelines on surgical prophylaxis could reduce the overall use
of antibiotics, without increasing the rate of postoperative infections, and also being cost-
effective [10].

) Proper use and development of novel antibiotics: There are a few novel antibiotics available
to manage infections with multidrug-resistant (MDR) bacteria. Ceftazidime/Avibactam, a new
beta-lactamase inhibitor could be used versus ESBL- (Extended-spectrum beta-lactamase) and
carbapenemase-positive pathogens. A combination of Ceftolozan/Tazobactam is effective
versus ESBL-producing Enterobacteriaceae. [11]. We need to save these last-resort antibiotics
for patients with more severe infections, such as urosepsis, and only if the classic antibiotics
can not be recommended [7]. We should invest resources into further research on new
antibiotics, other therapeutic modalities, and vaccines. However, it is an expensive and lengthy
process, thus we need to gain time by following the principles of the antibiotic stewardship
programs worldwide [4].
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g) Research on non-antibiotic treatment modalities: The emergence of antibiotic resistant
bacteria has increased the need for searching alternatives to antibiotic treatment and preventive
measures [4, 7]. We will discuss its importance in details later.

h) Introduction and development of diagnostic tools and procedures for clinical use and
research: In clinical practice early diagnosis can improve patient health outcomes. Slow
diagnostic technology should be replaced by new rapid diagnostic methods. By implementation
of fast, accurate and reliable diagnostic means we could reduce the amount of antibiotic
subscription and decrease the prolonged use of broad-spectrum antibiotics. The time factor is
especially crucial in sepsis, where any latency increases mortality. Dipstick tests, flow
cytometry, PCR, and other amplification techniques could provide early susceptibility results.
There are some new quick diagnostic methods under development. The isothermal
microcalorimetry is a promising technology to show the growth rate of bacteria by measuring
the heat exertion of bacteria. It will be able to reveal whether the bacteria is resistant to the
applied empirical antibiotic treatment in the patient or not [12, 13]. We also require simple, fast
and cost-effective diagnostic tools to diagnose less severe, but very frequent infectious diseases
such as acute uncomplicated cystitis (AUC). Recently, the Acute Cystitis Symptom Score
questionnaire (ACSS) has been introduced [14]. The ACSS is a diagnostic tool, that allows an
accurate evaluation of the different symptoms of AUC by assignment of numeric scores to their
severity based on the patients' feedback. It can be used for diagnostics, but also important for
further research on non-antibiotic drugs, as it could provide objective follow-up and comparison
on the efficiency of different treatment modalities.

1) Research on novel catheters: Each time a urinary catheter is placed, microbes adhere to its
surface and produce a matrix of extracellular polymeric substances. This so-called biofilm
provides protection to pathogens against antibiotics and the immune system. Within the biofilm
most of bacteria survive the treatment as it prevents the antibiotics from reaching them. As a
result, the slow, reduced antibiotic exposure promotes the selection of resistant bacteria [15].
Several catheter modifications have been proposed aiming to decrease the biofilm formation,
however none of the strategies tested until now proved to be useful in this regard [16].

j) International coalition on research and action: Since the spread of bacterial resistance to
antibiotics is a global problem, only locally it can not be resolved. Implementation of well-
coordinated strategies with international cooperation is essential [17].
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1.3. The situation in urology

Urology plays a unique and important role in the development of antimicrobial resistance.
In urologic departments resistance patterns may significantly differ from other hospital units
for several reasons [18].
1) A substantial proportion urologic visits are due to infections and many of the patients are
treated with recurrent UTIs;
2) The presence of urological complicating factors, such as stones, foreign bodies, anatomic
abnormalities sustain persistent and complicated UTIs;
3) In patients hospitalized at urologic departments an increased proportion of urine culture
samples is expected to be positive;

4) Different antibiotics are being used at each department to treat different types of infections.

1.3.1. Surveillance

In Hungarian hospitals urologic departments generally do not perform monitoring on
antibiotic resistance of uropathogens, and therefore there is no such data available from urologic
patients. As a result, the empiric treatment of UTIs is done almost blindly as we do not have
sufficient information for providing the best proper empirical treatment for our urologic
patients.

The best approximate of resistance status is provided by the National Centre of
Epidemiology, which summarises resistance profiles in Hungarian hospitals up to year 2017.
However, the surveillance has substantial limits as not all important antibiotics are listed, the
definitions of resistance are not standardized, and no information can be gained regarding the
situation in urologic departments (neither summarised, nor data separated by regions) [19].

There are some cumulate European surveillance data available [17, 20], however, almost
none of them has performed the assessment of urologic patients separately. The only ongoing
international, multicentre surveillance study focusing on urologic departments is The Global
Prevalence of Infections in Urology (GPIU) [21, 22]. However, the latest results of international

urological surveillance from the GPIU study need to be updated.
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1.3.2. Antiinfective research

Not only the surveillance is insufficient. AUC is one of the most frequent infectious diseases
in urology and contributes to an enormous amount of antibiotic consumption. In all cases of
AUC, antibiotic treatment is still the standard treatment. Nevertheless, it is clear by now that in
the future, the treatment of cystitis should highly rely on non-antibiotic treatment modalities.
High-quality research on non-antibiotic therapeutic modalities is, however, stagnating. There
were several studies conducted aiming to evaluate the efficiency of different non-antibiotic
drugs, but none of them were standardized, and no objective diagnostic and follow-up and cure
criteria were established [8]. Until recently, there was no reliable tool available to compare the
different non-antibiotic treatment modalities.

For all these reasons we need to implement the antibiotic stewardship programs in Hungarian
urological practice. First of all, we have to surveil the bacterial resistance in urologic
departments, and adjust our local antibiotic treatment strategies accordingly. We also need to
place a greater emphasis ont he research of alternative non-antibiotic treatment modalities both

in Hungary and on the international level.

2. AIMS

The main objective of our scientific work was to present and highlight the importance of the
most recent and relevant strategies for reducing the emergence of bacterial resistance to
antibiotics, and to introduce these fundamental strategies into the Hungarian urological practice
and research. The aim of this thesis is to demonstrate our results on surveillance and cystitis

diagnostic research in details.

l. Surveillance

With surveillance we aimed to evaluate the bacterial spectrum and antibiotic resistance of
uropathogens cultured from urine samples within the last 14 years at the Department of Urology
in Jahn Ferenc South Pest Hospital.

Our specific objectives were to:

I/1. Evaluate the spectrum of the most common uropathogens (Papers I-11)
1/2. Assess the antimicrobial resistance patterns of the predominant bacteria (Papers I-11) and

estimate the rate of multidrug-resistant bacteria (Paper I)
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I/3. Compare the results with the international data (Paper I)

I/4. Develop a local antibiotic treatment strategy based on the results (Papers I-11)

I1. Cystitis diagnostic research

At first, we aimed to introduce a practical diagnostic tool on AUC for Hungarian physicians
and scientists by the development of the Hungarian version of the ACSS questionnaire.
Furthermore, using the data obtained with the Hungarian version of the questionnaire we
performed a clinical diagnostic validation of the Hungarian version for its possible use as a
research tool in clinical trials.

Next, we performed the comprehensive international analysis of the ACSS as a diagnostic
tool for research on acute cystisis using the data obtained during the validation of the different
language versions of the ACSS.

Our specific objectives were to:

11/1. Perform the translation and linguistic validation of the Hungarian ACSS (Paper I11)
[1/2. Conduct the clinical diagnostic validation of the Hungarian ACSS (Paper 111)
11/3. Internationally evaluate the diagnostic accuracy of the ACSS (Paper 1V)

I1/4. Further assess its ability to be used as a follow-up instrument (Paper V)

3. MATERIALS AND METHODS

3.1. Methods of surveillance

The current study was conducted at the Department of Urology in Jahn Ferenc South Pest
Hospital, a tertiary care hospital in Budapest, Hungary. All mid-stream urine samples and also
urine collected from catheterized patients or during urinary tract puncture, taken from
inpatients between January 2004 to December 2017, were retrospectively analyzed. In Paper |
we summarised our results from the period of 2004-2015 in English, while Paper Il is
considered as its update with the latest data from 2016-2017. Paper 11 was written in Hungarian
in order to provide surveillance data for Hungarian practitioners.

The urine samples were taken from patients having UTI as well as asymptomatic patients
not having UTI (urine cultures taken preoperatively).
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Because of the absence of an electronic database before 2010, limited data was transferred
from the microbiology laboratory. Based on the microbiologist's decision, mostly due to
economic reasons, in some cases, resistance to all antibiotics was not measured. Missing data
in table cells are marked as N.D. (not determined).

The improvement of our electronic computer system in 2010 allowed us to perform data
mining in depth. To eliminate duplicate results, only one species per year per patient with an
identical antibiogram was included in the statistical analysis. To calculate the trends of
antibiotic resistance and positive urine culture numbers, the Cochran—Armitage trend test was
used. P < 0.05 was considered significant. Only the five most prevalent species present in >5%
of the bacterial spectrum and their resistance patterns were analyzed in this study. In the cases
of low numbers and high fluctuation of data, we displayed the mean occurrences of resistant

isolates during consecutive years.

3.1.1. Culture and antimicrobial susceptibility

The urine samples were collected in boric acid containers and sent to the microbiology
laboratory for the identification of the bacteria. The culturing and susceptibility testing was
performed by the central laboratory of the hospital complying with the actual international
guidelines. In 2011 the laboratory shifted from Clinical and Laboratory Standards Institute
(CLSI) Performance Standards for Antimicrobial Susceptibility Testing [23] to the European
Committee on Antimicrobial Susceptibility Testing (EUCAST) system [24]. The changes in
methods or antibiotics used for screening the resistance profile throughout the years were not
relevant. The resistant bacterial isolates were described in accordance with the European
Committee on Antimicrobial Susceptibility Testing-EUCAST MIC breakpoint tables [24].

3.1.2. Multidrug-resistant species

Data on multidrug-resistance (MDR) was gained from the report of our hospital to the
Hungarian National Nosocomial Surveillance System (National Epidemiology Centre) [19].
The results on ESBL-producing organisms were available from 2010-2015, while for other
MDR species data between 2013-2015 could be evaluated. Species meeting the following

criteria were considered MDR: vancomycin-resistant Enterococcus faecalis and faecium
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(VRE), ESBL-producing or carbapenem-resistant Enterobacteriaceae, MDR Pseudomonas
aeruginosa (susceptible to <2 of the following antibiotics: piperacillin/tazobactam, ceftazidime,
cefepime, imipenem, meropenem, ciprofloxacin, gentamicin, tobramycin, amikacin),
carbapenem-resistant Acinetobacter baumannii and different types of MDR Staphylococcus
aureus, including methicillin-resistant Staphylococcus aureus (MRSA). Klebsiella
pneumoniae strains which were able to hydrolyze third-generation cephalosporins, but could be
inhibited by clavulanic acid (in vitro) were considered ESBL-positive. However, isolates
resistant to third-generation cephalosporins yet sensitive to fourth-generation cephalosporins

were not considered as ESBL-producing organisms.

3.1.3. Comparison with the international results

We compared our results from the period of 2004-2017 with the latest available data of the
GPIU study from 2003-2010 [21, 25].

3.1.4. Development of a local antibiotic use strategy

The results were evaluated regarding the spectrum, resistance patterns and their dynamics in

order to improve our local antibiotic use strategy.

3.2. Methods of the cystitis diagnostic research

The ACSS questionnaire is a diagnostic tool for AUC, that allows an accurate symptom
evaluation by assignment of numeric scores to their severity based on the patients' feedback.
The ACSS is composed of a diagnostic and a follow-up form (A and B part). Each form consists
of four domains. The first domain focuses on typical symptoms, the second contains questions
for differential diagnosis, the third evaluates the quality of life (QoL), and the fourth domain
aims to assess additional relevant medical conditions. Furthermore, the B part of the
questionnaire also includes a ,,Dynamics” domain, which registers the overall clinical outcome

reported by the patient [26]. The UK English version of the ACSS is demonstrated in Figure 1.
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First visit (diagnostic form) - Part A Control visit (follow-up form) - Part B

10 Now 1 feel back to normal (All symptoms have gene away)

[C)1 Now | feel much better (Majority of symptoms has gone away)

[C)2 Now | feel anly somewhat better (Majority of symptoms is stil present)
[ Yes, mild [C]3 No changes, now | feel about the same (No changes in my symptoms)
sGtimes/doy )4 Now 1 feel warse (My condition s worse)

[ Yes, mild

Frequent urination of small volumes
of urine (going fo the tollet very

often)
Urgent urination (2 strong and
urge to pass urine)
Feel in or burning when
ggssi';ggmne ¢ O Yes, mid Frequent urination of small volumes
Incomplete bladder emptying after ves mid of urine (going to the foilet very
urination U Yes,mi often 56 times/ do 510 0r more times/doy
Pain or uncomiortable pressure in Urgent urination (a strong and [ Yes, mild
the lower abdomen (suprapubic [ Yes, mild urge fo pass urine)

[ Yes, mild [ Yes, severe

[ ves. severs

area) Feeling pain or burning when
Visible blood In your urine ] Yes.mid 3 |passing urine [0 Yes, mid 0 Yes. sever
Sum of “Typical” scores=| 4 |Incomplete bladder emptying after ] Yes, severs

urination

Pain or uncomfortable pressure in

5 |the lower abdomen (suprapubic

area)

6 _|Visible blood in your urine [ Yes, mild [ Yes. severe
Sum of “Typical” scores=| | points

[] Yes, mild

Loin (low back) pain (may be fimited

[ Yes, mild

[ Yes, mild [ Yes, severe

[ Yes, mild

[ Yes, mild

High body temperature (chillsfever) [ Yes, mild mﬁ; ﬁﬂﬁuﬁﬁi

(Piease indicate - if measured) 376-378°C Vﬂglr:':‘ discharge (especially in the
Umremr discharge (without
urination)
High body temperature (chills/fever) [] Yes, mild [ Yes, severe
(Please indicate_+if measured) 378379C 239.0
Sum of “Differential” scores=| points.

(] Yes, severe

[ Yes, mild [ Yes, severe

[ Yes, mild

[ Yes, severe

[ 0 Do not feel any discomort (o symptoms at all. Felf as good as usual)
[ 1 Fesling lttie discomfort (Feeling somewhat worse than usual)
] 2 Feeling moderate discomfort (Feeling quite bad)
[] 3 Feeling extreme discomfort (Fesiing terible)
[ 0 Do not feel any discomiort (No symptoms af all Felt as good as usual)
] 1 Feeling litie discomfort (Feeiing somewnat worse than usual)

2 Feeling moderate discomfort (Feeling quite bad)
[ 0 Not affected at all (Camying out usual aaily activities) S angu: axtreme discomort fmmi;.::“'l 4
] 1 Mildly affected (Able to carry out daily activities with some
) 2 Moderately affected (Only able to cany out daily activities with significant effort)

i it 0 Not affected at all (Carrying out usual daily actiities)

L) 3 Extremely aftected (Almost impossibie to carry out day acthties) Bmimymmdm':-m”{:gmeMym{mmmjmmmm
[ 2 Moderately affected (Only able to carry out daily activities with significant effort)
O3 ely affected (Almost impossible to camy out daily activities)

] 0 Not affected at all (Able to enjoy normal sacial activities)
[ 1 Mildly affected (Not able to do some social activities) o ST i N reoml aciviies)
] 2 Moderately affected (Only able to do a few social activities) 1 1 Wiy o (me‘f‘gommmﬁ“)
[ 3 Extremely affected (Not able o do any social activity - symptoms keep me a ‘prisoner’ in my home) 0] 2 Moderately affected (Oniy abie to do a few social activities)

Sum of “QoL” lmm= ] 3 Extremely affected (Not able to do any social activity - symptoms keep me a prisoner’ in my home)
Sum of “QoL" scores=|

(women's manthly period) ?
Premenstrual symptoms?
he ?

symptoms?
of the
[Are you pregnant?
Do you have diabetes melitus (sugar diabefes)

Yes
] ves
Yes

lare
Do you have diabetes mellitus (sugar diabetes)

Figure 1. The English version of the ACSS questionnaire

3.2.1. The translation and linguistic validation of the Hungarian Acute Cystitis Symptom
Score (Paper 111)

The translation and validation of the Hungarian version of the ACSS were performed in line
with the Linguistic Validation Manual for Patient-Reported Outcomes (PRO) Instruments
Guidelines [27]. The validated Russian version of the ACSS was taken as a source, with the
English version as a reference to create the corrected Hungarian version [26]. The process is

demonstrated in Figure 2.
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Conceptual analysis of source
instrument in collaboration
with the developer

Two forward translations by Reconciliation, discussion Hungarian forward version
professional translators

Backward translation by a Comparison with the
professional translator source, discussion

Corrected Hungarian version

Pilot testing Discussion, amendment

Figure 2. Diagram of the process of the translation and linguistic validation

A pilot test of the corrected provisional Hungarian version of the ACSS was carried out in 6
female respondents who had experienced AUC in their history at least once. The notes of the

patients were then discussed, and the final version of the questionnaire was created.

3.2.2. Clinical diagnostic validation of the Hungarian version

3.2.2.1. Recruitment, data acquisition

The study was performed between September 2015 and February 2016 in the urological
outpatient clinic of Jahn Ferenc South Pest Educational Hospital. Females aged >18 years old
diagnosed with AUC were enrolled as "Patients” along with healthy women as "Controls". The
diagnosis was made in accordance with the EAU guidelines by the treating physician in
agreement with the investigators [8]. Besides the standard urological examinations, the patients
were also invited to fill in the ACSS questionnaire (Part A). The treatment was also performed
in accordance with the actual EAU guidelines. In addition, the patients were advised to come
for a test of cure (ToC) visit after finishing the prescribed therapy. On the ToC visit they filled
out Part B of the questionnaire. All results were registered using the latest version of a specific
client software (e-USQOLAT) [28].
3.2.2.2. Statistical analysis

Data obtained from the ACSS survey were analyzed by the same statician using similar

methodology published in previous ACSS validation studies with other languages [14, 29-33].



19

Statistical Package for the Social Sciences (IBM SPSS Statistics for Windows, Version 21.0.
IBM, GmbH, Ehningen, Germany) was used for the calculations. The analysis involved
calculations of the ordinary descriptive statistical values (average values such as means and
medians), evaluation of predictive values and responsiveness (sensitivity, specificity).
Differences between variables were measured using standard deviations and 95% confidence
intervals (95% CI). Statistical significance of differences was evaluated using p-value.
Substantive significance was estimated via effect size calculation by correlation coefficient
(rho) and Cohen's d. The statistical power was assessed using Wilks' lambda. Treatment success
and non-success rates were defined using individual criteria. The definitions along with the
results are presented in Table 11.
3.2.2.3. Approval of the ethical committee

The research was performed in accordance with the ethical standards of the 1964 Helsinki
declaration. It was approved by the Local Ethical Committee of the institute and the national
Medical Research Council (ETT-TUKEB) on 24th February 2015 (Approval number:
34/2015.-6423/2015/EKU). Before enrollment, all participants were asked to sign a written

patient informed consent.

3.2.3. International assessment of the ACSS as a diagnostic tool (Paper 1V)

For the clinical diagnosis of patients with AUC, the US Food and Drug Administration
(FDA) and European Medicines Agency (EMA) have proposed “draft” guidelines for further
discussion: a) Adult-adolescent females with pyuria (WBC > 10/uL) and at least two of the
following signs or symptoms of dysuria, urinary frequency, urinary urgency, and
suprapubic pain (FDA) [34]; b) Female patients with documented pyuria (WBC > 10/uL) and
having a minimum number of symptoms such as frequency, urgency, and dysuria (EMA)
[35].

In this non-interventional, case-control study we aimed to reassess the diagnostic values of
these proposed draft guidelines using the Acute Cystitis Symptom Score (ACSS) and to
evaluate its diagnostic accuracy in comparison with the latest FDA and EMA draft guidelines
for the diagnosis of AUC. The data of 916 female respondents derived from the database
obtained during the previous international multi-center validation studies were analysed.

Results from the “Typical” domain of the ACSS were used in this study, since all information
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essential for our purpose, concerning symptomatology, can be found on this domain. In the
recent analysis the diagnosis made by the treating physician was taken as a reference. The
decision was made based on the history and the results of the laboratory findings in accordance
with the national and international standards and guidelines [8, 36, 37].

The diagnostic value of the ACSS at a cut-off score of 6 was calculated and compared with
the diagnostic approaches proposed by the EMA and FDA. The statistical analysis was
performed by a professional statistician. The data processing included dichotomization of
variables for assessment of the diagnostic values. In the case of diagnostic criteria proposed by
the FDA and EMA, the responses of the “Typical” domain were dichotomized as “Positive” or
“Negative”, depending on the presence or absence of the symptoms. While in the case of the
ACSS the summary of the symptom score from the “Typical” domain was relevant for the
calculations. Sensitivity, specificity, positive and negative likelihood ratios (+LR and —LR,
respectively), positive and negative predictive values (PPV and NPV respectively), Youden’s
J-index, diagnostic odds ratio (DOR) were then calculated. ROC-curve analysis was used for
the assessment of the area under the curve. A p-value of <0.05 was considered statistically

significant.

3.2.4. Evaluation of the ACSS as a follow-up instrument (Paper V)

Paper V can be considered as the second part of Paper IV. In this publication the ACSS was
tested further to reveal its use as a patient reported outcome measure (PROM) instrument for
clinical studies as compared to the recently published FDA and EMA guidelines [34, 35]. For
data mining the same database was used as in the previous study. One hundred thirty-four cases
of female patients with diagnosed AUC and having sufficient data on follow-up visits, were
included in the current analysis. The patients were selected according to the following inclusion
criteria: 1) a summary score of “Typical” domain of 6 and more; 2) at least one follow-up
evaluation after the baseline visit; 3) no missing values in the ACSS questionnaire data. The
diagnosis of AUC was made by the treating physician. The treatment was performed in
accordance with the national and international urological guidelines [7, 8]. Only the outcome,
but not the treatment modalities, were taken into consideration in the analysis of this non-
interventional study. The follow-up "visits" were grouped depending on the time difference

between the first diagnostic and the follow-up visits. Data collected using both Part A and B of
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the ACSS questionnaire were analyzed in this study. The results from the "Typical”, "QoL",
and “Dynamic” domains of the ACSS were compared with the latest criteria for the diagnosis
and overall clinical assessment proposed by the FDA and EMA [34, 35]. Depending on the
presence and absence of the symptoms and their severity, the items were dichotomized as
positive or negative. In the ,,Dynamics” domain, the dichotomized responses "yes I feel normal”
and "yes | feel much better" were considered as resolution of symptoms.

To determine clinical cure, 8 different thresholds were defined and weighted against each
other (Table 2). The "G" and "H" criteria were adopted from the draft FDA and EMA
guidelines, the rest were related to the ACSS items. Clinical cure was considered only in

patients with no visible blood in the urine.

Table 2. The eight predetermined thresholds for evaluation of clinical cure at the outcome

A | A summary score of the “Typical” domain up to 5 AND no visible blood in the urine

A summary score of the “Typical” domain up to 4 AND no visible blood in the urine

A summary score of the “Typical” domain up to 5 AND no “Typical” item > 1 (mild) AND no visible blood in the urine

A summary score of the “Typical” domain up to 4 AND no “Typical” item > 1 (mild) AND no visible blood in the urine

m O O @

A summary score of the “Typical” domain up to 5 AND no “Typical” item > 1 (mild) AND no visible blood in the urine AND no
“QoL” item > 1

F | A summary score of the “Typical” domain up to 4 AND no “Typical” item > 1 AND no visible blood in the urine AND no “QoL”

item>1

A summary score of the four FDA symptoms up to 4 AND no score > 1 (mild) AND no visible blood in the urine

H | A summary score of the three EMA symptoms up to 3 AND no score > 1 (mild) AND no visible blood in the urine

4. RESULTS

4.1. Results of surveillance (Papers I-11)

4.1.1. Bacterial spectrum

During the 14-year-long period, a total of 3 513 urine cultures showing a significant presence
of uropathogens were analyzed. Escherichia coli was the most prevalent pathogen in the entire
study period. It averaged about 48% of the samples, with the highest percentage of 56% in
2008, and the lowest of 39% in 2016. The rate of Enterococcus faecalis has significantly
increased (from 15% in 2004 to 26% in 2017, p<0,0001). The prevalence of K. pneumoniae
did not vary during the years, with an average of 11% (p=0.797). The percentage of P.

aeruginosa showed a slight increase (p=0.044), while the prevalence of Proteus mirabilis
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remained constant (p=0.382). However, the rate of both bacteria remained under 10%. The

spectrum of the cultured bacteria in our department is shown in Figure 3.

Bacterial spectrum

20%

10%

0%
vear --- -----------
264 21 198 291 223 150 205 225 242 311 251 336 306

samples 250

—a—F coli —*—E. faecalis K. pneumnonige P. aeruginosa  =—*—P. mirabilis

Figure 3. The prevalence of five most commonly cultured bacteria in 3 513 urine samples

4.1.2. Resistance patterns

4.1.2.1. Fluoroquinolones (Table 3)

The ciprofloxacin resistance in E. coli has significantly increased from 19% (25/130) to 25%
during the 14 years (p=0.039), while in K. pneumoniae it was varying between 26% to 59%. In
the case of E. faecalis the resistance to ciprofloxacin consistently remained above 47%, while
for levofloxacin it ranged between 30-42%. The resistance of P. aeruginosa versus
ciprofloxacin and levofloxacin showed a decreasing tendency during the studied years.
However, the decrease was not statistically significant: in the case of ciprofloxacin: 38%—15%
(p=0.086), while in levofloxacin: 38%—19% (p=0.09). Resistance against ciprofloxacin in P.

mirabilis varied between 10% and 44%.
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Table 3. Resistance rates against fluoroquinolones (ciprofloxacin and levofloxacin) between 2004 and 2017

Ciprofloxacin resistance

Levofloxacin resistance

Year E. coli E. faecalis K. pneumoniae P. aeruginosa P. mirabilis E. coli E. faecalis P. aeruginosa
% (n/N) % (n/N) % (n/N) % (n/N) % (n/N) % (n/N) % (n/N) % (n/N)
2004 19 (25/130) 100 (38/38) ND 38 (5/13) ND 0 (0/22) ND 38 (5/13)
2005 18 (25/140) 100 (42142) ND 27 (3/11) ND 0 (0/12) ND 40 (4/10)
2006 22 (25/115) 97 (34/35) ND 36 (4/11) ND 14 @ ND 40 (4/10)
2007 27 (22/83) 100 (44144) ND 33 (4/12) ND 12 (2/17) ND 33 (4/12)
2008 15 (24/156) 52 (34/66) 34 (11/32) 14 @ 50 (214) 12 (2/17) ND 17 (1/6)
2009 24 (28/116) 96 (45/47) 30 (6/20) 22 (219) 38 (5/13) 9 (1/11) ND 25 (218)
2010 22 (24/107) 47 (22/47) 29 (6/21) 19 (3/16) 33 (4/12) 0 (0/13) ND 13 (2/15)
2011 32 (34/108) 56 (31/55) 26 (7127) 15 (2/13) 13 (1/8) 0 (0/15) ND 15 (2/13)
2012 24 (25/103) 50 (9/18) 59 (17/29) 16 (3/19) 44 (7/16) 0 (0/25) ND 38 (6/16)
2013 22 (23/103) ND 32 (11/34) 5 (1/20) 13 (2/15) ND ND 5 (1/20)
2014 25 (33/131) ND 29 (12/42) 22 (10/45) 19 (4/21) ND 41 (24/59) 22 (10/45)
2015 25 (31/122) ND 50 (11/22) 13 (2/16) 10 (2/20) ND 40 (26/65) 19 (3/16)
2016 24 (31/131) ND 49 (24/49) 26 (10/38) 24 (4/17) ND 42 (42/100) 28 (10/35)
2017 25 (33/131) ND 51 (19/37) 15 (4/27) 21 (4/19) ND 30 (22/73) 19 (5/27)

ND = not determined

4.1.2.2. Penicillin derivatives (Table 4)
Resistance to ampicillin remained stable in the case of E. coli (2004: 57%, 2017: 54%), E.
faecalis (between 0-2%), and K. pneumoniae (100%). In P. mirabilis it showed a statistically

significant increase (p=0.007) from 20% to 40% until 2015, however afterwards a slight

decrease could be detected.

Against amoxicillin/clavulanic acid resistance of E. coli varied between 6% and 35%. The

resistance of K. pneumoniae increased significantly (p<0.0001) from 17% to 62%. Resistance

to amoxicillin/clavulanic acid in P. mirabilis mostly remained under 10%.

Table 4. Resistance rates against penicillin derivates (ampicillin and amoxicillin/clavulanic acid) between 2004 and 2017

Ampicillin resistance

Amoxicillin/clavulanic acid resistance

Year E. coli E. faecalis K. pneumoniae P. mirabilis E. coli K. pneumoniae P. mirabilis
% (n/N) % (n/N) % (n/N) % (n/N) % (n/N) % (n/N) % (n/N)
2004 57  (74/130) 0 (0/38) 100 (23/23) 20 (2110) 23 (30/130) 17 (4123) 10 (1/10)
2005 40  (56/140) 0 (0/42) 88 (23/26) 25 (208) 14 (20/140) 19 (5/26) 0 (o)
2006 53  (61/115) 0 (0/35) 100 (13/13) 18 (2111) 28 (32/115) 23 (313) 9 (111
2007 48 (40/83) 2 (1/44) 100 (28/28) 21 (3114) 18 (15/83) 14 (4128) 7 (1/14)
2008 49  (76/156) 0 (0/66) 100 (33/33) 50 (2/4) 6  (10/156) 6 (2/33) 25 (1/4)
2009 52 (60/116) 0 (0/47) 100 (20/20) 23 (3/13) 19 (22/116) 15 (3/20) 8  (U13)
2010 67  (72/107) 0 (0/47) 100 (21/21) 33 (412) 17 (18/107) 33 (720) 0 (012
2011 57  (61/107) 2 (1/55) 100 (27/27) 38 (308) 23 (25/107) 26 (7127) 13 (18)
2012 52 (53/103) 0 (0r71) 100 (29/29) 44 (716) 15 (15/103) 57 (17/30) 0 (0/16)
2013 45  (46/103) 1 (1/82) 100 (34/34) 53 (8/15) 14 (14/103) 47 (16/34) 7 (115)
2014 60  (78/131) 0 (0/90) 100 (42/42) 52 (11/21) 35 (46/131) 38 (16/42) 19 (421)
2015 54 (66/122) 0 (0/70) 100 (22/22) 40 (8/20) 28 (34/122) 59 (13/22) 5 (1/20)
2016 54  (71/132) 2 (2105) 100  (49/49) 3B (6/17) 18 (24/132) 53 (26/49) 6 (1/17)
2017 54 (72/133) 0 (0/79) 100 (37/37) 32 (6/19) 26 (35/133) 62 (23/37) 11 (219)

4.1.2.3. Carbapenems (Table 5)

In E. coli, K. Pneumoniae, E. faecalis, and P. mirabilis, no resistance

was observed to

imipenem, meropenem, and ertapenem during the examined years. The resistance of P.

aeruginosa, however, showed a significant increase (p=0.004) versus imipenem, from 6% in
2010 to 19% in 2017.
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Table 5. Resistance rates against imipenem between 2008 and 2017

Imipenem resistance

Year E. coli E. faecalis K. pneumoniae P. aeruginosa P. mirabilis

%  (n/N) % (n/N) %  (n/N) % (n/N) % __ (n/N)
2008 0  (0/156) ND 0 (0/33) 0 or7) 25 (1/4)
2009 0  (0/116) ND 0  (0/20) 0 (019) 15 (2113)
2010 0  (0/107) ND 0 (0/21) 6 (1/16) 0 (0112)
2011 0  (0/108) ND 0 (027) 15 (2/13) 0 (0/8)
2012 0  (0/101) 0 (0/14) 0  (0/30) 5 (1/19) 0  (0/16)
2013 0  (0/103) 0 (019) 0 (0/32) 5 (1/20) 0  (0/15)
2014 0  (0/131) 0 (0/10) 0 (0/42) 16 (7/45) 0 (0/21)
2015 0 (0/122) 0 (0/49) 0 (0/22) 27 (4/15) 0 (0/19)
2016 0 (0/132) 1 (1/105) 0  (0/49) 26 (10/38) 0 (012)
2017 0  (0/132) 0 (0/78) 0 (0/36) 19 (5/27) ND

ND — not determined

4.1.2.4. Cephalosporins (Table 6)

The resistance of E. coli to cefuroxime slightly but not significantly increased from 8% to
14% (p=0.741). Resistance to cefuroxime in K. pneumoniae fluctuated between 24% and 60%.
In P. mirabilis, resistance to cefuroxime did not increase above 8%.

In the case of E. coli resistance to cefixime remained under 14%, while in P. mirabilis
basically no resistant strain was detected (except in 2017, where a 16% resistance rate was
observed). In K. pneumoniae, resistance to cefixime increased from 2010: 29% to 2017: 51%,
however, the change was not statistically significant (p=0.075).

In E. coli resistance to ceftriaxone significantly increased from 1%—12% (p<0.0001) by the
end of the studied period, while in K. pneumoniae the resistance rates varied between 24% and
57%. The cultured P. mirabilis strains did not show resistance to ceftriaxone and ceftazidime.
Resistance to ceftazidime in the case of P. aeruginosa ranged between 0% to 16%.

The resistance of E. coli to cefepime increased from 1% in 2004 to 8% in 2012 (p<0.0001).
In 2012 resistance of K. pneumoniae to cefepime reached 40%. As for P. aeruginosa and P.
mirabilis the resistance to cefepime decreased from 15% to 4% and from 10% to 0%

respectively, however, the changes were statistically not significant (p=0.45 and p=0.331).
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Table 6. Resistance rates against cephalosporins (cefuroxime, ceftriaxone, cefixime, ceftazidime and cefepime) between
2004 and 2017

Cefuroxime resistance Ceftriaxone resistance Cefixime resistance
Year E. coli K. pneumoniae P. mirabilis E. coli K. pneumoniae P. mirabilis E. coli K. pneumoniae P. mirabilis
% (n/N) % (n/N) % (n/N) % (n/N) % (n/N) % (n/N) % (n/N) % (n/N) %  (n/N)
2004 8 (9/107) 29 (6/21) 8 (1/12) 1 (1/129) 0 (0/23) 0 (0/10) ND ND ND
2005 18 (19/108) 30 (8/27) 0 (0/8) 0 (0/140) 4 (1/26) 0 (0/8) ND ND ND
2006 8 (8/103) 60 (18/30) 6 (1/16) 1 (1/115) 0 (0/13) 9 (1/11) ND ND ND
2007 7 (7/103) 32 (11/34) 0 (0/15) 2 (2/83) 0 (0/28) 0 (0/14) ND ND ND
2008 10 (13/131) 24 (10/42) 0 (0/21) 0 (0/156) 0 (0/33) 0 (0/4) 0 (0/1) ND 0 (0/4)
2009 12 (15/122) 50 (11/22) 0 (0/20) 5 (6/115) 0 (0/20) 0 (0/13) 4 (5/116) ND 0 (0/13)
2010 8 (9/107) 29 (6/21) 8 (112) 9 (9/106) 29 (6/21) 0 (0/12) 8 (8/106) 29 (6/21) 0 (0/12)
2011 18 (19/108) 30 (8/27) 0 (0/8) 16 (17/108) 26 (7127) 0 (0/8) 14 (15/106) 26 (7127) 0 (0/8)
2012 8 (8/103) 60 (18/30) 6 (1/16) 6 (6/103) 57 (17/30) 0 (0/16) 7 (2/25) 57 (17/30) 0 (0/16)
2013 7 (7/103) 32 (11/34) 0 (0/15) 7 (7/103) 32 (11/34) 0 (0/15) 7 (7/101) 32 (11/34) 0 (0/15)
2014 10 (13/131) 24 (10/42) 0 (0/21) 9 (12/131) 24 (10/42) 0 (0/21) 9 (11/128) 24 (10/42) 0 (0/20)
2015 12 (15/122) 50 (11/22) 0 (0/20) 8  (10/122) 46 (10/22) 0 (0/20) 10 (12/122) 48 (10/21) 0  (0/20)
2016 10 (13/132) 43 (21/49) 0 (0/17) 8  (10/122) 43 (21/49) 0 (0/17) 10 (13/131) 44 (21/48) 0 (0117)
2017 14 (18/132) 58 (21/36) 0 (0/19) 12 (16/133) 51 (19/37) 0 (0/19) 12 (16/133) 51 (19/37) 16 (3/19)
Ceftazidime resistance Cefepime resistance
Year E. coli K. pneumoniae P. aeruginosa P. mirabilis E. coli K. pneumoniae P. aeruginosa P. mirabilis
% (n/N) % (n/N) % (n/N) % (n/N) % (n/N) % (n/N) % (n/N) % (n/N)
2004 ND ND ND ND 1 (1/129) 0 (0/23) 15 (2/13) 10 (1/10)
2005 ND ND ND ND 0 (0/139) 0 (0/26) 9 (111) 0 (0r8)
2006 ND ND ND ND 2 (2/1114) 0 (0/13) 9 (1/11) 9 (1/11)
2007 ND ND ND ND 2 (2/83) 0 (0/28) 0 (0/12) 0 (0/14)
2008 0 (0/156) 0 (0/33) 0 0r7) 0 (0/4) 0 (0/156) 0 (0/33) 0 (U] 0 (0/4)
2009 5 (6/116) 15 (3/20) 11 (1/9) 0 (0/13) 7 (8/116) 0 (0/20) 11 (1/9) 15 (2/13)
2010 9 (9/106) 29 (6/21) 13 (2/16) 0 (0/12) 8 (8/106) 29 (6/21) 13 (2/16) 0 (0/12)
2011 16 (17/108) 26 (7127) 8 (1/13) 0 (0/8) 16 (17/108) 26 (7127) 8 (1/13) 0 (0/8)
2012 6 (6/100) 59 (17/29) 16 (3/19) 0 (0/16) 8 (8/103) 40 (4/10) 12 (2117) 0 (0/16)
2013 7 (7/103) 32 (11/34) 0 (0/20) 0 (0/15) ND 33 (4/12) 0 (0/720) ND
2014 9 (11/129) 22 (9/41) 13 (6/45) 0 (0/21) ND 100 (/1) 7 (3/45) ND
2015 8 (10/122) 46 (10/22) 6 (1/16) 0 (0/20) ND ND 6 (1/16) ND
2016 8 (10/132) 43 (21/49) 16 (6/38) 0 (0/17) ND ND 9 (3/35) ND
2017 12 (16/133) 51 (19/37) 11 (3/27) 0 (0/19) ND ND 4 (1/25) ND

ND - not determined

4.1.2.5. Aminoglycosides (Table 7)

Resistance of E. coli to gentamicin remained bellow 7%, furthermore, decreasing resistance
rates could be observed in E. faecalis (from 100% to 48%), in P. aeruginosa (from 31% to 7%)
and in P. mirabilis (from 30% to 12%). The changes were statistically significant (p<0.0001,
p=0.013, p=0.002 respectively). However, the resistance of K. pneumoniae to gentamicin
significantly increased (p<0.0001) from 0% to 37%.

The resistance rate of E. coli to amikacin has also decreased (2004: 4% —2011: 0%). The
decline was statistically significant (p=0,003). The resistance of P. aeruginosa did not surpass
6% in the last 11 years, while in K. pneumoniae and P. mirabilis no resistance was found to

amikacin.
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Table 7. Resistance rates against aminoglycosides (gentamicin and amikacin) between 2004 and 2017

Gentamicin resistance Amikacin resistance
Year E. coli E. faecalis K. pneumoniae P. aeruginosa P. mirabilis E. coli pneu:].oniae P. aeruginosa P. mirabilis
% (n/N) % (n/N) % (n/N) % (n/N) % (n/N) % (n/N) % (n/N) % (n/N) % (n/N)
2004 6 (8/130) 100 (38/38) 0 (0/23) 31 (4/13) 30 (3/10) 4 (5/130) ND 0 (0/13) ND
2005 7 (10/140) 100 (42/42) 4 (1/26) 36 (4/11) 38 (3/8) 3 (4/140) ND 0 (0/11) ND
2006 4 (5/115) 100 (35/35) 0 (0/13) 45 (5/11) 45 (5/11) 1 (1/115) ND 18 (2/111) ND
2007 5 (4/83) 100 (44/44) 4 (1/28) 33 (4/12) 29 (4/14) 7 (6/83) ND 0 (0/12) ND
2008 o] (0/156) 53 (35/66) 0 (0/33) o] (0/7) 25 (1/4) o] (0/7) 0 (0/2 0 017) 0 (0/1)
2009 4 (5/116) 100 (47147) 0 (0/20) 22 (2/9) 15 (2/13) 0 (0/116) 0 (0/20) 0 (0/9) 0 (0/13)
2010 4 (4/107) 38 (18/47) 24 (5/21) o] (0/16) 8 (1/12) o] (0/107) 0 (0/21) 0 (0/16) 0 (0/12)
2011 3 (3/108) 38 (21/55) 30 (8/27) 15 (2/13) 0 (0/8) 0 (0/108) 0 (0/27) 0 (0/13) 0 (0/8)
2012 1 (1/72) 53 (38/71) 36 (10/28) 21 (4/19) 6 (1/16) o] (0/21) 10 (1/10) 0 (0/19) 0 (0/5)
2013 2 (2/103) 44 (36/82) 21 (7/34) 5 (1/20) 20 (3/15) 0 (0/1) 0 (0/3) 5 (1/20) 0 (0/4)
2014 5 (6/131) 50 (45/90) 2 (1/42) 18 (8/45) 14 (3/21) o] (0/3) 0 (0/1) 2 (1/45) 0 (0/1)
2015 6 (71122) 50 (35/70) 36 (8/22) 13 (2/16) 15 (3/20) 0 (0/1) 0 (0/1) 6 (1/16) 0 (0/2)
2016 6 (8/132) 49 (51/105) 25 (12/49) 21 (8/38) 0 (0/17) o] (0/1) 0 (0/1) 3 (1/37) ND
2017 2 (2/133) 48 (38/79) 32 (12/37) 7 (2/27) 12 (2/17) ND ND 0 (0/25) ND

ND — not determined

4.1.2.6. Sulfamethoxazole/trimethoprim (Table 8)

In E. coli, resistance rates ranged between 19% and 35%, while in the case of K. pneumoniae,
it has significantly increased from 13% in 2004 to 44% in 2017 (p<0.0001).
4.1.2.7. Nitrofurantoin (Table 8)

In E. coli, the resistance did not rise above 2%, whereas in K. pneumoniae and P. mirabilis
it reached 100%.

Table 8. Resistance rates against sulfamethoxazole/trimethoprim and nitrofurantoin between 2004 and 2017

Sulfamethoxazole/trimethoprim resistance Nitrofurantoin resistance
Year E. coli E. faecalis K. pneumoniae P. mirabilis E. coli E. faecalis K. pneumoniae P. mirabilis

% ___(n/N) % ___(n/N) % ___(n/N) % ___(n/N) % __(n/N) % __(n/N) % ___(n/N) % ___(n/N)
2004 19 (24/128) 13 (5/38) 13 (3/23) 20 (2110) 2 (3/129) 0  (0/38) ND ND
2005 19 (27/140) 24 (10/42) 15 (4/26) 38 (3/8) 1 (1140) 5 (2142) ND ND
2006 24 (28/115) 29 (10/35) 8 (113 27 (3111) 2 (2115) 0  (0/35) ND ND
2007 29  (24/82) 32 (14/44) 4 (128) 29 (414) 2 (282) 2 (U44) ND ND
2008 26 (41/156) 33 (22/66) 21 (7/33) 50 (2/4) 1 (1/153) 0  (0/66) 18 (6/33) 100  (4/4)
2009 28  (33/116) 23 (11/47) 6  (1/16) 33 (412) 2 (21116) 2 (u45) 47 - (9119) 100  (13/13)
2010 30  (31/105) ND 16 (3/19) 33 (412) 1 (1/106) 0  (0/46) 71 (15/21) 100 (12/12)
2011 31 (32/102) ND 22 (6/27) 57 (4/7) 0  (0/55) 0 (0/18) 31 (413) 100 (4/4)
2012 23 (23/102) ND 63 (19/30) 63  (10/16) 0  (0/65) 0  (0/46) 90  (18/20) 100 (9/9)
2013 19 (18/95) ND 28 (9/32) 29 (414) 1 (1/100) 0 (o/81) 91  (31/34) 100  (15/15)
2014 25 (33/131) ND 14 (6/42) 33 (7/21) 0  (0/128) 0  (0/89) 100 (41/41) 100 (20/20)
2015 19 (22/118) ND 36 (8/22) 50  (8/16) 0 (0121) 0  (0r70) 100 (21/21) 100 (20/20)
2016 32 (42/132) ND 49 (24/49) 24 (417) 0 (0/131) 1 (1/103) 100 (48/48) 100 (17/17)
2017 27 (34/127) ND 44 (16/36) 47 (9119) 0 (0/128) 0 (0/79) 100 (37/37) 100  (18/18)

ND - not determined

4.1.2.8. Fosfomycin

Fosfomycin resistance was tested between 2010 and 2012 for E. coli, K. pneumoniae and P.
mirabilis. Relatively low resistance rates were found: 0% to 5% in E. coli, 0% to 15% in K.
pneumoniae and 0% to 14% in P. mirabilis:).

4.1.2.9. Polymixin, Vancomycin, Tobramycin, Piperacillin/tazobactam
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No resistance to polymixin was observed in E. coli, K. pneumoniae, and P. aeruginosa,
whereas in P. mirabilis strains the resistance was practically 100%.

In the case of E. faecalis, no vancomycin resistance was found during the whole study period.
P. aeruginosa showed 0-8% resistance to colistin, 0-16% to tobramycin, while for

piperacillin/tazobactam, its resistance reached 12% in 2017.

4.1.3. Multidrug-resistant species

The incidence of MDR bacteria significantly increased (p=0.008) from 8% (23/279) to 14%
(42/305). Table 9(a) presents combined data on all MDR species since 2013.

No significant increase in ESBL-positive cases was observed between 2010 to 2015 (in
ESBL-producing E. coli: p=0.96; K. pneumoniae: p=0.791). The results are presented in Table
9(b).

The rate of ESBL-positive strains among K. pneumoniae varied between 24% (7/29) to 33%
(10/30). An exceptional peak of 60% (18/30) was observed in 2012.

In the last six years, 6% (7/110) to 9% (12/129) of cultured E. coli strains were ESBL-
positive, with a highest rate of 15% (16/108) in 2011.

Table 9. Multidrug-resistant species (MDR MRSA, VRE, MRAB, Gram-negative and ESBL-positive species) between
2010/2013 and 2015

(a) MDR species
Year MRSA VRE MRAB Gram-negatives* All
% (n/N) % (n/N) % (n/N) % (n/N) % (n/N)

2013 31 (4/13) 0 (0/85) 100 (1/1) 10 (18/180) 8 (23/279)
2014 40 (2/5) 0 (0/91) 25 (1/4) 9 (23/248) 7 (26/348)
2015 80 (8/10) 0 (0/82) 100 (2/2) 15 (32/211) 14 (42/305)
(b) ESBL-producing species
Year Escherichia coli Klebsiella pneumoniae

% (n/N) % (n/N)
2010 6 (7/110) 27 (6/22)
2011 15 (16/108) 24 (7/29)
2012 6 (6/103) 60 (18/30)
2013 6 (6/105) 32 (11/34)
2014 9 (12/131) 24 (10/42)
2015 9 (12/129) 33 (10/30)
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4.1.4. Comparison with the international results

According to the results from the GPIU [21, 25], the most frequent pathogens in our region
were E. coli (36%) and Enterococcus species (14%)[25]. In our department about the half of
the cultured bacteria were E. coli.

In the GPIU study the average resistance of E. coli to ciprofloxacin was 45% which did not
change significantly with time. In our department, however, the resistance to ciprofloxacin in
E. coli has increased from 19% to 25% (p=0.039).

In the GPIU study the global resistance rate of all uropathogens versus ciprofloxacin rose
over 50%, while according to our data only E. faecalis and K. pneumoniae could reach that
level.

Both the GPIU study and our analysis found a high rate of resistance in the case of K.
pneumoniae versus ciprofloxacin and cephalosporins. In our department the rate of
ciprofloxacin resistant K. pneumoniae was ranging between 26-59%, while in the GPIU it
reached 57% on average. The resistance of K. pneumoniae to cefuroxime in our department
varied between 24-60%, while in the GPIU study it ranged from 46 to 81%.

4.1.5. Development of the local antibiotic use strategy

Based on our data we can not recommend the use of fluoroquinolones for empirical treatment
of UTlIs in our region. Carbapenems are safe, however should be saved for the treatment severe
infections. In less severe UTIs sulfamethoxazole/trimethoprim, fosfomycin, and nitrofurantoin
are good options, while the use of cephalosporins should be limited. Gentamicin may be
considered if intravenous antibiotic treatment is indicated.

When selecting antibiotics for empirical treatment in the presence of urinary tract foreign

bodies, the high rate of E. faecalis (reaching 26%) should be taken into account.

4.2. Results of the cystitis diagnostic research

4.2.1. Translation and linguistic validation of the Hungarian ACSS (Paper I11)

The questionnaire: the translated and validated Hungarian version of the ACSS is shown in
Figure 4.
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Els6 vizit (diagnézis) - "A" rész Kontrol vizit (kbvetés) - "B" rész
. Kitoltés datuma: |

[| D Teljesen panaszmentes vagyok (Minden tinetem megszdnt)
érzem magam (4 im tobbsége
[ lgen, siiyos Dz Valamivel jobban vagyok (A legidbb panaszom megmaraat)
510 alkalomy/nap, vogy 13 Kerilbeldl ugyaniay (Nincs véltozés, minder
tabh ¢ Rosszabbul érzem magam (Rosszabbodott sz allapafom)

[ Igen, enyhe
56 alkalom/ngg

Gyakori, kevés mennyisegl vizelés
(nagyon gyakran kell WC-re menni)

Sirgetd vizelési inger (Erds,
kontrolldlhatatlan vizeisi inger)
Fajdalom, vagy égetd érzés vizelés
kozben

Vizelést koveiGen Ugy érzi, nem ardlt ki
teliesen a hugyhdlyagja

~

[ Igen, enyhe [ igen, siyos

w

[ Igen, enyhe [ Igen, sdlyos

Gyakori, kevés mennyiségll vizelés [ Igen, enyhe [ Igen, siiyos
(nagyon gyakran keil WC-re menni) 56 alkalomyngp 510 ﬂ'wmﬂﬂﬂ, vogy

-

[ Igen, enyhe [ Igen, silyos

Sirget§ vizelési inger (Erds,

5 Alhasi fijdalom, vagy kellemetlen [ Igen, enyhe [ igen, siiyos 2 yontroflainatatian vizelési inger) [l lgen, enyhe [ lgen, silyos
erzes (a szeméremcsont felett) Fai PR .
& jdalom, vagy égets érzés vizelés .
Veres vizelet (szabad szemmel . 3 - [ lgen, enyhe [ Igen, silyos
& lathato) [ Igen, enyhe [ igen, silyas Woben
4 Vizelést Kovetden lgy érzi, nem uruit = n O igen, 6
"Tipusos” pontok fsszesen= ki teljesen a higyholyagja aen, enyhe gen, sdiyos.
&kiaji (agyektaji) faj Alhasl Tajdalom, vagy kellemetien .
Deréktdji (lagyékiaji) fajdalom 1 igen, enyhe 1 igen, sciyos 5 o [ Igen, enyhe [ Igen, silyos

(qyakran egyoldali)

)
P Veres vizelet (szabad szemmel
8 Huvelyi valadekozas (nemi szervek)

fathato)

@

[ Igen, enyhe [ Igen, silyos [ Igen, enyhe [ Igen, silyos.

9 Higycsd valadékozas (hugyutak) [ Igen, enyhe [ Igen, siiyes "Tipusos” pontok 6sszesen= pont
Laz/magas testhdmérsékiet érzése [ Igen, enyhe [ igen, siilyos Deréktaji (lagyéktaji) fajdalom .
[ i [
° (Ha mérte, kérem jeldlje be az értéket) 376379°C =300°C ;’:Wak‘ﬁﬂ ?‘ugwgalté y " E gen. enine E gen. siiyos
. - | 8 Huvelyi valadékozas (nemi szervel Igen, enyhe lgen, sdlyos.
Elkulonits” pontok Osszesen pont 9 Higycsd valadékazas (higyutak] 03 igen, enyne O igen, siiyos

Laz/magas festhGmérséklet érzése O Igen, enyne O igen, siiyos.
[ @ Mem érzem magam kényelmetientl (Nincsenek tuneteim. Ugy érzem magam, mirt éitalsban) (He mérte, kérem jeiclje be az értéket) 37637 =380°C
[ 1 Enyhe kényelmetlen érzés (Valamivel rosszabbul érzem magam, mint &ltaléban) “Elkalonit6" pontok 6sszesen= pont

[ 2 Kézepes foki kényelmetien érzés (Rosszul érzem magam)

L] 2 Stlyos fokl kényelmetlen érzés (Szdmyen érzam magaim) [ 0 Nem érzem magam kényelmetlenil (Nincsenek finsteim. Ugy érzem magam, mint atalaban)
12 [ 1 Enyhe kényelmetlen érzés (Valamivel rosszabbul érzem magam, mint altsiéban)
[0 2 Kozepes fokis kényelmetien érzés (Rosszul érzem magam)
[ 0 Egyaltsian nem ascliék (A szokésos napi tevé é végeztem) [ 3 sillyos fokii kényelmetien érzés (Szomyen érzem magam)
] 1 Enyhén befolybsoltik (Enyhe disckomfort érzés melett végeztem & seokésos napitevékenységeime)
Oz ssoltak (Csak kifejezett erdfeszitéssel tudtam folytstni & szokésos napl tevékenységeimet)
[ 3 Sillyosan befolyasoltak (A s20kasas napi tevékenységeim végzése csaknem lehetetionné vl

[ 0 Egyaktalan nem befolyasoltak (A szokésos napi tevékenységeimet végeztem)

[ 1 Enyhén befolyaseltik (Enyhe disziomfort érzés meliett végeztem & szokésos napi tevékenyssgeimet)

3 [ 2 Kiizepesen befolysoltak (Ceak kifsjezelt endfeszitéssel tudtam folyiatni a szokésos napi tevékenységeimet )
[ 3 Siiyosan befolyasoltak (A szoks: tevékenységeim végzé Iehetetienné va)

ak (Orcmmel é
(EQMES ‘003:’5[5:?; i semesE [J 0 Egyaltalan nem befolyasaltak (Oromme! tudtam részt venni a megszokott kozossegi tevékenységeimben)
Ceak kozgsségl 1 Enyhén befolyasaltik (Egyes kozosségi tevékenységeimet nem fudtsm elvégezn)
O 3 Sillyosan befolyasoltk (Egyaitalin nem vaitam képes kozosségi tevékenységeket végezni, a tineteim mistt nem tudtam E N Kuiapaen st mésﬂ s kEz6sshgi o )
kimozaulni otthonréi) [ 3 Silyosan befolyasaltak (Egysitaldn nem voltam ké a1 teve, 2 végezni, a tinetel
"Eletmindség” pontok dsszesen= kimozdulni otthonrél)

14 "Eletmindség” pontok osszesen=
Kérem értékelje, mennyire

Menstrugci el tinstek? Menzesz?
Menopauza jelei? Mensiruéeid eldti tinetek?
N ) Mencpauza jelei?

Terhesség? Terhesség?
Cukorbetegség? Cotrimtonsta’?

Figure 4. The Hungarian version of the ACSS questionnaire

Pilot test: the pilot test revealed that all six patients had found the Hungarian version of the
ACSS to be understandable and the scale to be adequate and clear in that they could not have
answered it more than one way. The feedback from the patients confirmed that the validation
study might proceed.

4.2.2. Clinical diagnostic validation of the Hungarian ACSS

Demography: 37 healthy Controls and 31 Patients with AUC were included in the study. The
mean age of the participants was 48 (19-85) for Controls and 42 for AUC Patients (18-78).
The most important results of the statistical analysis including statistical power and effect size
analysis are presented in Table 10.
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Table 10. Differences in scores of the different domains of the ACSS between groups of Patients and Controls and comparison

between two visits

Typical scores Controls Patients P value Cohen'i:::f:!ct-slze r Pz?:l:;s' Pztl'ise“n;s’ P value COhen’? : é;f;f;:t-size r
Number 37 31 23 23
Range Oto9 Jtole 6tole OtoS
Mean £5D 0.84 £1.79 9.42+3.33 9.86 +2.89 1.05 +2.04
95% Cl for Mean  0.24 to 1.43 8.20to0 10.64 854t01117 012to197
Median 0 10.00 <0000 3.(2]?,«;%’85 10.00 0.00 00001 3'?12{3%18?
0.25 percentile 0 6.00 7.00 0.00
0.75 percentile 1 11.00 11.00 125
Dif::;:gsal Controls Patients P value Cohen'i ::‘Zf:flct-size r Pztl'isel:n;s’ P:tl'isei:;s’ P value COhen’? :;’:f:f;:t-size r
Range Oto2 0toS Oto4 0to2
Mean £5D 0.11 £0.46 1.03 %130 0.86£1.11 0.29 £0.56
95% Cl for Mean -0.04to 0.26 055t0 151 035tol36 003t0054
Median 0 1.00 <0000 0'?;{9%?3 1.00 0.00 ooz Dlﬂsé{fglal
0.25 percentile 0 0.00 0.00 0.00
0.75 percentile 0 2.00 2.00 0.25
C:gzlll-(:'ys:::elfse Controls Patients P value COhen'i:::f:‘c tsize v p:::l? :.s’ pz‘:p ;s’ P value Cc:hen'? : ;’:f:;:t-size d
Range Oto8 Oto S Oto8 Otob
Mean £5D 0.84+1.74 4.94 £2.08 4.95 £2.20 1.05 £1.53
95% Cl for Mean  0.26to 1.42 417t05.70 7 3.55t05.95 035t01.75 . 77
Median 0 5.00 <000 2.5114-10?3? ’ 6.00 0.00 000 ’ ﬂof-éool
0.25 percentile 0 6.00 3.00 0.00
0.75 percentile 0.50 6.00 6.00 2.00
Typical+Qol Controls patients pvalue Cohen's d/effect-size r Patients’ Patients’ P value Cohen’s d/effect-size r
scores (power) Visit 1 Visit 2 (power)
Range Oto13 6to 25 6to 22 Oto12
Mean £5D 1.68 £3.18 14.35 4 BE 14.81 £4.40 2.10+2.98
95% Cl for Mean 062t02.74 1257to16.14 1281to 1681 0.74t03.45
Median o] 15.00 <0.0001 3?18’;00‘84 15.00 1.00 <0000t 3?18[;%:'86
0.25 percentile 0 10.00 11.00 0.00
0.75 percentile 2.50 17.00 17.00 3.00

Comparative analysis: The study found significant differences between the two groups in
each domain of the questionnaire (Table 10). The findings from the comparative analysis of the

typical symptom scores between the two groups are demonstrated in Figure 5.
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A. Mean scores of "Typical" symptoms among Patients and Controls B. Sum scores (box plots) of "Typical" symptoms

Scores

Mean scores
25 20

16
15 14
T 12
0,5 10
0 - - - j— | . 2 [
Frequency Urgency Painful urination  Incomplete  Suprapubic pain  Haematuria 6
bladder 4 | L
emptying )
H Controls M Patients 0

Controls Patients

Figure 5. A: Mean score comparison of typical symptoms between Patients and Controls; B: Sum scores (box-and-whisker
plots) of “Typical” symptoms among Patients and Controls with cut-off line

The most representative sign for AUC was painful urination, which was observed in 78% of
the patients. For the prediction of AUC at cut-off score 6 of ,, Typical” domain, PPV and NPV
were 96,55% and 92,31%, sensitivity and specificity were 90% and 97%, respectively.

Follow-up comparison: 74% of the patients came back for ToC visit, which was at day 15
on average. Sixty-one percent of the patients felt back to normal, and 30% felt much better. The
results from comparative analysis of the ACSS scores between the two visits are demonstrated
in Table 10.

The subanalysis of various possibilities to differentiate between treatment success and non-
success is presented in Table 11. It can be seen that the ,,Typical” domain at a cut-off score of

4 or lower, is reliable to assess the effectiveness of the therapy, at the ToC visits.

Table 11. Rates of treatment success using different individual criteria

Definition of Success Success N Non-Success
(Scores) (%) N (%)

1 Dynamics <1 21(91.3%)  2(8.7%)

Mode Domain(s)

<3, but no item >1

2 Main symptoms? (mild) 20 (87%) 3 (13%)
3 Typicals 4, bu:;i“’d'gem L o0is7%) 3(13%)
4 Qol 3, butnoitem>1 ) g0 00 (4.3%)

(mild)

<7, but noitem >1

(mild) 20 (87%) 3 (13%)

5 Typicals+Qol
<4/<3, but no item >1

6 Typicals/ QoL (mild)

20(87%)  3(13%)

® MAIN SYMPTOMS include TYPICALS 1-3 only: frequency, urgency, painful urination;
Qol - Quality of Life; N — number
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4.2.3. International assessment of the ACSS as a diagnostic tool (Paper 1V)

Study population: Out of 916 patients 517 were enrolled for this comprehensive analysis.
From the 68 Hungarian patients, 16 were selected in the analysis, based on having sufficient
data for inclusion. The age of the participants ranged between 15 to 87 years (mean 34). There
were no considerable demographic differences between the two groups. The numbers of
Controls and Patients were 232 and 285 accordingly.

General assessment of the symptoms to reveal the diagnostic accuracy of the ACSS:
The number of cases with positive “Typical” symptoms differed significantly between the
Patients and Controls: median 5 (IQR of 0-3) vs 1 (IQR of 4-6), respectively (p<0.001; Figure
6). The scored severity of the “Typical” symptoms also differed significantly between the
Patients and Controls: median 10 (IQR of 7-13) vs 1 (IQR of 0-4), respectively (p<0.001; Figure
7).

P o
DEET SRS 0202 g

3 6 71292:0212125282633261515? 5 5

Patients
Patients

Groups
Groups

| <~cut-off value

Controls
1
Controls

59 66 21 23 1321 & 5 6 6 2 2 2 1

59 77 27 35 16 13 5
p-value<0,0001 p-value<0,0001
0 1 2 3 4 5 6 0 1 2 3 456 7 8 0 10 {11210 1415 1617 18
Number of 'Typical’ symptoms Summary score of the 'Typical’ domain

Figure 6. Boxplot diagram (IQR, range, mean+SD) on Figure 7. Boxplot diagram (IQR, range, mean+SD) on the

number of the ACSS typical symptoms in respondents ~ Summary score of the six ACSS typical symptoms in
(patients with AUC, Controls without AUC) respondents (patients with AUC, controls without AUC)
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The most common symptom was urinary frequency in both groups. Its prevalence was
72.92% for the entire study population, 47.84% among Controls, and 93.33% among Patients.
Among the urinary frequency positive cases, most of the Controls had “mild” symptoms
(81/111=72.97%), whereas the majority of Patients (189/266=71.05%) suffered from
“moderate” or “severe” urinary frequency. The Youden’s index of the six ACSS typical
symptoms according to presence and severity in the study population is presented in Figure 8.
It can be seen that not only the presence of the symptoms but also their severity is important for
the diagnosis.

Symptoms Youden index [95% CI]
Urinary frequency i 0.45 [0.35; 0.55]
Mild —— -0.08 [-0.19; 0.04]
Moderate g 0.23[0.13; 0.32]
Severe - 0.31[0.22; 0.38]
Urinary urgency —— 0.61 [0.50; 0.70]
Mild i 0.00 [-0.10: 0.09]
Moderate —— 0.29 [0.20; 0.38]
Severe v 4 0.32[0.23; 0.40]
Dysuria —— 0.70 [0.60; 0.78]
Mild i 0.06 [-0.03; 0.15]
Moderate i 0.28[0.19; 0.36]
Severe —— 0.35 [0.26; 0.43]
Suprapubic pain ¢ 0.48 [0.36; 0.58]
Mild H— 0.07 [-0.03; 0.18]
Moderate - 0.22[0.12; 0.32]
Severe i 0.18[0.10; 0.26]
Sense of incomplete bladder emptying ‘ 4 0.58 [0.47; 0.67]
Mild o+ = 0.06 [-0.04; 0.17]
Moderate - — 0.27 [0.17; 0.36]
Severe il 0.25[0.17; 0.32]
Visible blood in urine —— 0.27 [0.17; 0.38]
Mild —-— 0.14[0.06; 0.21]
Moderate b 0.07 [0.01; 0.13]
Severe 4 0.05 [0.00; 0.10]
r T T T T T T T T 1

-1 -08 -06 04 -02 0 02 04 06 08 1
Youden index (whisker plots are represented by 95%CI)

Figure 8. Youden’s index of the six ACSS typical symptoms according to presence
and severity in the study population (patients with AUC and controls without AUC)

The sensitivity, specificity (average [95% CI]) and further diagnostic values of the different
proposed approaches for diagnosing AUC are demonstrated in Table 12. The differences in
diagnostic values between the three diagnostic approaches were statistically not significant
(p>0.05).

Our data also show that if the cut-off value of the ACSS is combined with positive pyuria,
then the sensitivity and specificity change to 0.73 [0.67; 0.78] and 0.96 [0.93; 0.98],
respectively. Pyuria by itself had already a reasonable sensitivity [0.85 (0.80; 0.89)] and
specificity [0.72 (0.66; 0.78)].
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Table 12. Diagnostic accuracy of the different proposed approaches for acute cystitis. Average value [95% confidence interval].
PPV=positive predictive value, NPVV=negative predictive value, +LR and —LR=positive and negative likelihood ratio, DOR=
diagnostic odds ratio

Area-
Diagnostic o o Yourden’s
o Sensitivity | Specificity | PPV NPV +LR -LR DOR ) under-
criteria J index
curve
Draft 0.86 0.81 4.88 0.19 25.60 0.83
0.84[0.79; | 0.83[0.77; 0.67 [0.57;
approach [0.81; [0.75; [3.67; [0.14; [16.06; [0.80;
0.88] 0.87] 0.76]
by EMA 0.90] 0.86] 6.50] 0.25] 40.81] 0.87]
Draft 0.90 0.81 7.15 0.19 37.49 0.85
0.83[0.78; | 0.88[0.84; 0.71[0.62;
approach [0.85; [0.76; [4.99; [0.15; [22.57; [0.82;
0.87] 0.92] 0.80]
by FDA 0.93] 0.86] 10.23] 0.25] 62.26] 0.88]
ACSS at 0.90 0.85 6.96 0.15 46.92 0.87
0.87[0.83; | 0.88[0.83; 0.75 [0.65;
cut-off [0.85; [0.79; [4.94; [0.11; [27.89; [0.84;
0.91] 0.91] 0.82]
value of 6 0.93] 0.89] 9.81] 0.20] 78.94] 090]

4.2.4. Evaluation of the ACSS as a follow-up instrument (Paper V)

One hundred thirty-four patients were selected for the analysis giving a total of 236 visits.
Their mean age was 36 years. Summary scores of “Typical” domain of ACSS cathegorised

based on the time difference between the baseline and follow-up visits are demonstrated in

Figure 9.
Summary scores of Typical domain at the five visit categories
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Figure 9. Summary scores of “Typical” domain of ACSS at diagnostics of acute uncomplicated cystitis (AC)
in women (baseline) and at the four different follow-up visit categories. Note: red dots represent cases, orange
diamonds represent mean scores, orange error bars represent standard deviations, orange line illustrates the
symptomatic “course” of AC, grey “strip” around the orange line represents standard error of a mean

The “baseline” and “follow-up” evaluations were carried out at a maximum time difference

of 29 days. Significant difference was found between all visit categories regarding the average
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summary scores of the “Typical” domain (p< 0.05), except between those at end-of-therapy and
ToC evaluations (p=0.71). At Baseline visit severe dysuria, urgency and frequency were
reported by the 50%, 39% and 31% of the patients accordingly. By the ToC visit these rates
reduced to 0%, 3% and 3% accordingly. Although the number of cases with positive symptoms,
and the severity of the symptoms decreased over the observation time, a relatively high
proportion of cases of at least mild symptoms remained even up to ToC visit. At ToC visit 35%
of the patients still had mild dysuria, frequency and urgency, while 18% and 15% of the patients
experienced incomplete bladder emptying and suprapubic pain.

At the Baseline visit haematuria was found only in 34.75% of the cases, and it decreased to
a mere 5.88% at ToC visit.

The symptoms of AUC affected QoL in almost all cases (96.6-98.7%). Although the
moderate and severe cases were reduced during follow-up, about one-third of patients still

claimed at the least mild impact on their QoL.

Table 13. Overall changes (ACSS “Dynamics”) from baseline visit at the four follow-up visit categories

ACSS
) Feeling normal Much better Somewhat better No changes Feeling worse
(Dynamics)
(n, %) (n, %) (n, %) (n, %) (n, %)

N of cases
Visit 2, N=23 0 (0.0%) 1 (4.4%) 12 (52.2%) 9 (39.1%) 1 (4.4%)
Visit 3, N=97 17 (17.5%) 39 (40.2%) 31 (32.0%) 9 (9.3%) 1 (1.0%)
Visit 4, N=82 24 (29.3%) 40 (48.8%) 12 (14.6%) 3 (3.7%) 3(3.7%)
Visit 5, N=34 14 (41.2%) 10 (29.4%) 10 (29.4%) 0 (0.0%) 0 (0.0%)

Visit 2 (very early, Day <2); visit 3 (early, Day 2-4); visit 4 (end of treatment, Day 5-9); visit 5 (test of cure, Day 10-30)

Discrimination of clinical cure: In the “Dynamics” domain, the number of participants
responding “back to normal” or “much better” have increased over the follow-up time,
however, a notable number of respondents (10-31%) stated “somewhat better” (Table 13).

Therefore, it is not evident how “clinical cure” should be defined using the “Dynamics”
domain by itself. Moreover, differenciating between “feeling much better” and “feeling
somewhat better” would result in too low “clinical cure” rates, which would not reflect the
clinical experience in patients with AUC.

Results of the eight different predetermined thresholds to define cure were analyzed at the
different follow-up visits (Table 2). Six were related to ACSS items (A-F) and one adapted each
to FDA and EMA criteria (G and H). The severity of symptoms in combination with or without
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QoL items provided fairly comparable rates of “clinical cure”. By the Test of Cure visit, the
treatment success and non-success rates in the cases of C, G and H criteria were 82,35% and
17,65%. While in the case of criteria E, 79,41% and 17,65% success and non-succes rates were
calculated, respectively. Of the different thresholds tested, a summary score of the typical
symptoms of <5 with no symptom scoring >1, without visible blood in urine, with or without

including QoL issues was favoured (C and E).

5. DISCUSSION

Antimicrobial resistance caused by the widespread use of antibiotics is a growing worldwide
problem, which may lead to catastrophic consequences. To find a solution, antibiotic
stewardship programs have been organized. They aim to develop and implement systematic,
coordinated, international strategies to increase the efficiency of antibiotic treatment, stop the
increase of antibiotic resistance by reducing the overuse and misuse of antimicrobial agents,
guiding proper infection control and monitoring [7, 8]. The O'Neill report systematically
summarizes the most important and actual options to tackle down the antibiotic resistance [4].
The report highlights that the reason for the increasing resistance is multifactorial, so should be
the solution, as several strategies should be implemented all at once. This means we need
coordinated and prudent clinical practice and further research. The main strategies are listed in
Table 1. Following the O'Neill points as a guide, we aimed to improve and enhance the war
against bacterial resistance by introducing the antibiotic stewardship strategies into the
Hungarian urological clinical practice and research. This thesis focuses on surveillance and
cystitis diagnostic research. Outside the topic of the thesis we applied several further aspects of

stewardship programs we will discuss later.

5.1. Surveillance

Monitoring of the most prevalent bacteria and their resistance plays an important role in
delaying the development of resistance, since it provides essential information for practitioners
and researchers to build up and improve their proper antibiotic treatment strategies [38]. This
knowledge gives the opportunity to limit the use of broad-spectrum antibiotics without
compromising safety. Application of narrower spectrum antibiotics results in lower collateral

damage and on long term it helps to preserve the broad-spectrum antibiotics for more severe
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infections. For these reasons surveillance is the first primary step to prudent antibiotic use and
lays the foundation for the strategies against the increasing antibiotic resistance [2, 4].

In the first part of our research, we aimed to surveil the local resistance patterns of
uropathogens from urine collected at the Department of Urology in Jahn Ferenc South Pest
Hospital. Our hospital is responsible for a population of up to 1 050 000 in Budapest and its
surrounding area. In Paper | we summarized the data from the period of 2004-2015 in an
international journal, while in Paper 11 we extended the research up to 2017 and published the
data in a Hungarian journal for the Hungarian public. We compared our results with the
international data from the GPIU study and used this information to advance the antibiotic
treatment strategy in our region.

The GPIU study provides data on antibiotic resistance, types of urogenital infections, risk
factors, and antibiotic consumption in urological departments since 2003 [22]. More than 20
000 patients have been screened and more than 2000 patients are currently listed in this

database.

5.1.1. Bacterial spectrum

The GPIU study revealed that in Northern Europe, the region Hungary was part of [21],
between 2003 and 2010 the most frequent pathogens were E. coli (36%) and Enterococcus
species (14%)[25]. In our department, however, about half of the cultured bacteria were E. coli
which was closer to the rate of 55% found in Southern European countries. Over the years the
percentage of E. coli slightly decreased. While in the case of E. faecalis, the second most
frequent pathogen, an increasing trend was observed. The increase may be contributed to the
widespread use of urinary foreign bodies and endourological practice. In 2017 the rate of E.
faecalis reached 26% which is a significant number and should be taken into account when

selecting antibiotics for empirical treatment while foreign bodies are present in the urinary tract.

5.1.2. Resistance patterns

The results from the GPIU study are controversial as the survey could not confirm obvious

increase in the antibicrobial resistance among uropathogens against most antibiotics between
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2003-2010. In our department, however, we could observe significant increase in the resistance
against several antimicrobials.

The resistance to ciprofloxacin in Escherichia coli has increased from 19% to 25% during
the 14 years long study period (p=0.039). Even though these rates are better than the results
from the GPIU study, they are still too high for empirical treatment. K. pneumoniae shown even
higher resistance versus ciprofloxacin, ranging between 26-59%. These results were in line with
the international data. E. faecalis was resistant to ciprofloxacin and levofloxacin in more than
47% and 30% of the cases, respectively, while in the case P. aeruginosa a decreasing trend
could be observed. In 2017 the resistance of P. aeruginosa to ciprofloxacin has dropped to 15%,
however, this decrease was not statistically significant. Our results confirm that
fluoroquinolones can no longer be recommended for empirical treatment of UTIs in our region.
Moreover, in 2019 the European Commission implemented significant regulations on the use
of fluoroquinolones due to their disabling and potentially long-term side effects [39].

In the case of cephalosporins, resistance of E. coli did not exceed the rate of 20%. This may
be attributed to our restrictive antimicrobial use policy against the presctiption of
cephalosporins and fluoroquinolones. Despite that, a significant increase of resistance was
observed in the case of E. coli against ceftriaxone. By 2017 it reached a rate of 12% (p<0.0001)
breaching the recommended 10% limit for empirical treatment. In accordance with the
international data, resistance rates of K. pneumoniae against cephalosporins was very high.
Even in the case of cefepime which is a fourth-generation cephalosporin its resistance reached
40% in 2012. We came to the conclusion that if the presence of MDR bacteria or Gram-positive
bacteria such as E. faecalis are not suspected, cephalosporins may be safely used for empirical
treatment of UTIs.

The international data also warns us of the spread of carbapenem-resistant bacteria [40]. At
our department, resistance to carbapenems of most pathogens was minimal, with the exception
of P. aeruginosa which shown a significant increase (p=0.004) from 6% in 2010 to 19% in
2017.

Based on our results sulfamethoxazole/trimethoprim, fosfomycin, and nitrofurantoin can
still replace fluoroquinolones and cephalosporins in less severe cases. Generally, we used

gentamicin less frequently in our department because its toxicity. It resulted in acceptably low
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resistance rates in the case of most bacteria (especially in E. coli it remained below 7%),

however in K. pneumoniae the resistance significantly increased.

5.1.3. Multidrug-resistance

The data available on the MDR species was limited. Generally, in line with international
trends, the rate of MDR species found at our department increased significantly (p=0.008) from
8% in 2013 to 14% in 2015. We found a notably high rate of MDR ESBL-positive K.
pneumoniae strains (24-33% of the cultured K. pneumoniae strains, with an exceptional peak
of 60% in 2012), which could explain the high resistance rates of K. pneumoniae to
cephalosporins mentioned above. The incidence of ESBL-producing E. coli varied between 6
to 15%. With the concurrent lack of new antimicrobial agent development, the increasing rate
of MDR bacteria is a major concern. According to the GPIU study, 9% of the hospitalized
patients in urological departments develop nosocomial UTIs due mostly to MDR bacteria.
Therefore prescribers must be aware of MDR uropathogens when choosing antibiotic agent for
empirical treatment of nosocomial UTIs.

It is also important that during antibiotic treatment collateral damage should always be taken
in consideration. Other than increasing the rate of antimicrobial resistance, antibiotic groups
with broad spectrum of activity such as fluoroquinolones or cephalosporins, may lead to severe
Clostridium difficile infections [41].

The data from our surveillance can be used to improve the antibiotic treatment strategy in
our region, and provides useful information for practitionnaires from other parts of Hungary as
well. However, we strongly recommend that every urologic department should perform regular
monitoring on their local antibiotic resistance profiles, as the results may vary geographically

and with time.

5.2. Cystitis diagnostic research

The alarming results of our surveillance support the importance of further urological
antiinfective research. One of the most important fields of UTI, which largely contributes to the
development of resistance, is AUC. The reason for this is that AUC is one of the most frequent
infections, affects most of the women, and leads to an enormous amount of antibiotic

prescriptions. However, there are serious deficiencies regarding the diagnostics, treatment,
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prevention and research on AUC, which increases the amount of unnecessary antibiotic
consumption even further [8, 42, 43].

Diagnosis: In spite of the numerous publications, there is still no generally accepted strategy
regarding the clinical diagnosis of AUC, which also means a significant limitation to defining
inclusion criteria for clinical trials [34-36]. The updated guidelines of the Infectious Diseases
Society of America (IDSA) and the European Society for Microbiology and Infectious Diseases
(ESCMID) mainly consist of recommendations regarding the treatment but not the objective
diagnosis of AUC.

For diagnosis in clinical practice or in studies neither the urinanalysis nor the microbiology
can be considered as a standard criterion on their own. The contamination of the urine sample,
especially in female patients is not uncommon. The count of significant bacteriuria is also
questionable and depends on different factors, including the timing of the sample collection or
the amount of water intake. Also the mistaken belief that the urine should be considered as
sterile has fallen [44]. Not the results of the urine analysis should be treated but the symptoms.
It is extremely important, as treatment of asymptomatic bacteruria is justified exclusively in
selected cases (before specific urologic surgeries or during pregnancy). The correct evaluation
of the symptoms is the only reliable method to diagnose AUC, and not even the laboratory
analysis can replace it. The common upper respiratory tract infections are a great example
where the diagnosis and treatment are naturally based on the symptoms and not the laboratory
tests [45, 46].

Recently, the FDA and EMA have suggested criteria for the standardized diagnosis of AUC
in their guidelines, however, they consider only the presence of the symptoms but ignore their
severity. The symptoms requested by FDA and EMA are usually typical, but not exclusive for
AUC. Also earlier studies revealed that if the symptoms appear in mild form, their presence can
not differentiate between patients with AUC and healthy controls accurately [47]. The severity
of the symptoms may be of greater importance for an accurate diagnosis of acute cystisis than
just their presence or absence.

Research: It is of utmost importance to enhance the research on prophylaxis, diagnostics and
treatment of AUC. There are several non-antibiotic prophylactic [8, 43, 48] and therapeutic [49-
51] modalities available to replace antibiotic treatment of AUC, however almost none of them

are supported by high quality, standardized, well-designed research.
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The foremost reason for the stagnation of the research is the lacking of reliable tools for: a)
diagnosis and establishing inclusion criteria for the studies; b) monitoring treatment efficiency;
c) linear comparison of different antibiotic and non-antibiotic treatment modalities; d) defining
the cure in clinical trials €) long-term follow-up.

Recently, the European Association of Urology, Section of Infections in Urology (EAU-
ESIU) group for cystitis research has introduced the Acute Cystitis Symptom Score
questionnaire (ACSS), which has the potential to satisfy these requirements [14].

In the second part of our research, in cooperation with an international scientific group, we
conducted research on a new diagnostic tool, the Acute Cystitis Symptom Score (ACSS) [14]

which opens a possibility to decrease the antibiotic consumption during the treatment of AUC.

5.2.1. The translation, linguistic and clinical diagnostic validation of the Hungarian Acute
Cystitis Symptom Score

Until now, there was no such cystitis questionnaire available in Hungary. In order to be able
to conduct further good quality research on AUC in our country, and elevate the Hungarian
cystitis research to the international level, the development of a Hungarian version of the ACSS
questionnaire was essential.

In Paper 111 our objective was to overcome the language barriers of further cystitis research
by translation, linguistic and clinical diagnostic validation of the Hungarian version. The data
collected during the study later contributed to further international testing of the questionnaire,
which included the results obtained using all the versions of the ACSS validated in different
languages. Additionally we tested the clinical use, the diagnostic accuracy of the Hungarian
questionnaire with the Hungarian data, which we considered as a preliminary verification for
further international testing of the ACSS.

The translation and linguistic validation was performed successfully. The study revealed that
the Hungarian ACSS is well designed, and the questions are clear and understandable.

The clinical diagnostic validation process has revealed excellent values of predictive ability
and responsiveness for diagnosis of AUC. At cut-off score 6 of the ,,Typical” domain, PPV and
NPV were 96,55%, and 92,31%, sensitivity and specificity were 90% and 97%, respectively.

These results show that the ,, Typical” domain can be perfectly used to confirm or exclude AUC.
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The high sensitivity and specificity of the ACSS and the clear difference in the ACSS scores
between the control and patient groups indicate that the questionnaire can describe the dynamics
of the clinical condition as well. The subanalysis of the data performed in order to assess the
effectiveness of the therapy using various combinations of different domains has shown the
same rates of treatment success and non-success for each combination. To describe success we
suggest to use ,, Typical” domain at a score of <4, but no item >1, as it shows excellent predictive
values for diagnosis as well. This criteria can also be used in combination with the assessment
of QoL.

The preliminary clinical diagnostic tests of the ACSS using the data of the Hungarian
patients with AUC suggest that the questionnaire can be used for accurate diagnosis and
monitoring of the clinical condition. With the Hungarian ACSS now we can join to international
studies that rely on the use of ACSS. Using the methodology desribed in the paper we strongly
recommend the translation and validation of the ACSS into other languages as well in order to

be able to initiate coordinated international research on AUC.

5.2.2. Assessment of the ACSS as a diagnostic tool for clinical studies

The international cooperation using all the linguistic versions of the ACSS resulted in an
extensive database that made it possible to perform a large-scale global testing of the ACSS
[26, 34, 35]. The data obtained from the Hungarian patients significantly contributed to the
following studies. The objective of the conclusive analysis was to assess the value of ACSS as
a possible instrument for international research on AUC.

In Paper 1V, we evaluated the diagnostic accuracy of ACSS in comparison with the latest
criteria proposed by FDA and EMA draft guidelines for the diagnosis of AUC. The current
research can be also considered as a verification study for the FDA and EMA guidelines as the
ACSS includes the symptoms listed by the FDA and EMA as well. The analysis revealed that
there was a strong correlation between the symptoms of the "Typical” domain and the diagnosis
of acute cystisis. Even without urinalysis, the diagnostic value of the ACSS at a cut-off value
of 6 was at least as favorable as the draft proposals by FDA and EMA. The differences in
diagnostic values between the three diagnostic approaches were statistically not significant
(p>0.05). Therefore, this threshold can be recommended as a diagnostic criteria of AUC in

epidemiological and interventional studies as well as in clinical use.
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5.2.3. Evaluation of the ACSS as a follow-up instrument for clinical trials

In Paper V our aim was to discuss the benefits of the ACSS as a Patient-Reported Outcome

Measure (PROM) instrument by analysing the data from the clinical validation studies of the
ACSS in different languages. According to the FDA, a PROM is any report on the status of a
patient's health condition that directly comes from the patient. PROMs are widely used in
medical product clinical trials to measure and compare the efficiency of different treatment
modalities, note the risks and benefits of the treatment. During the development of ACSS the
patients were involved in the progress, shared their experiences, which is a basic requirement
for PROMs [52]. The different domains of the ACSS could be used alone or in combinations
for this purpose.
» T'ypical” domain: besides registering the presence of the symptoms suggested by the FDA
and EMA, the ACSS is also capable of scoring them by adding numerical values to their
severity. Symptom scoring does not only increase the diagnostic accuracy but provides a more
detailed monitoring of the condition during follow-up [34, 47].

In our analysis, as expected, the severity of the symptoms correlated with the time between
the diagnosis and the follow-up visit after the treatment. However, the complete elimination of
all symptoms was not found in all patients, even though most of them (up to 88%) were
considered clinically cured. At ToC visit 35% of the patients still experienced mild forms of
dysuria, frequency and urgency. It confirms the observations of our previous studies that the
presence but also the severity of the symptoms is relevant for assessment of the medical
condition. A detailed evaluation and registering the resolution of specific symptoms is also
important for recognising other pathologies. For example, if visible blood in the urine persists,
further investigation is indicated in order to exclude bladder cancer.

,QoL” domain: With the ACSS patients are interviewed of their personal experiences, the
impact of the disease on their QoL, daily life and work and social life. The assessment of the
QoL is an important criterion for PROMs [52]. The findings of the QoL assessment were closely
linked to the symptom scoring, but it seems that for some patients, normalisation of their QoL
takes somewhat longer than the resolution of their symptoms.

,Dynamics” domain: The patients' own judgement of the overall outcome is documented in
the "Dynamics” domain of the ACSS. It consists of five grades of outcome: Feeling normal,

Much better, Somewhat better, No changes, Worse. The number of patients answering "Feeling
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normal™ or "Much better" has increased over follow-up time, however, there was still a notable
proportion of patients reporting "Somewhat better”, which is hard to interpret. Although the
"Dynamics" domain of the ACSS perfectly reveals the patients’ experience on the dynamics of
the disease, it does not provide detailed information on symptoms' changes and severity. The
domain can be used for general assessment of the symptoms after treatment in clinical practice,
however, for well-designed clinical trials, a more refined definition of clinical outcome would
be expident.

Defining clinical cure: It has become evident that in studies focusing on the treatment of AUC,
the dismissal of bacteriuria can not be considered as a major criterion for cure anymore.
Detailed evaluation of the symptoms is required. However, unfortunately, the guidelines for
outcome assessment by FDA and EMA, are not very well defined.

Due to the draft FDA guidelines, “clinical response” is considered as the resolution of the
symptoms of UTI.

While, according to the EMA the clinical outcome can be described as a cure, failure, or
indeterminate. The EMA suggests that the cure should be defined as i) complete resolution of
clinical signs and symptoms and ii) sufficient improvement or return to baseline status such
that no further antibacterial therapy is required for the index infection. What is sufficient
improvement or resolution of symptoms is not clarified.

Neither the ,,Dynamics” domain of the ACSS is sensitive enough for accurate outcome
assessment. It would be expedient to find a threshold in the ACSS below which a patient may
be considered clinically cured.

Evaluation of the symptoms found at diagnosis and their changes could describe the outcome
more efficiently. For diagnosis, the FDA proposed to use four symptoms (dysuria, urinary
frequency, urgency, and suprapubic pain), while the EMA suggested to assess only three signs
(frequency, urgency, and dysuria). The “Typical” domain of the ACSS also includes these
symptoms.

Using the diagnostic (“Typical”) symptoms in combination with or without measurement of
QoL issues we attempted to find the most advantageous method to define clinical cure in
comparison with the diagnostic definitions proposed by the FDA and EMA guidelines. The
positive achievement of “clinical cure” was tested by the eight predefined thresholds. Six of

them were related to the ACSS items, one was adapted to the FDA criteria and one to the EMA.
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Based on our results the favored two thresholds most appropriate for PROM instrument are:

1) a summary score of the “Typical” domain up to 5 AND no item > 1 (mild) AND no visible
blood in the urine

2) a summary score of the “Typical” domain up to 5 AND no item > 1 (mild) AND no visible
blood in the urine AND no “QoL” item > 1

The results of treatment success and non-cuccess using these tresholds were comparable to
those obtained using the definitions adapted from the FDA and EMA. Since the symptoms
proposed by the FDA and EMA for evaluation of AUC are also included into the ACSS, the

questionnaire can be used as an instrument for this purpose.

5.3. Further aspects of the stewardship programs

Apart from surveillance and cystitis diagnostic research our scientific work consisted of
applying several other elements of the O'Neill report. The associated papers are listed in
“Publications directly related to the subject of the Ph.D. thesis” section. 1) Education: in order
to promote the use of these strategies in clinical practice we performed regular reports on our
latest surveillance results, discussed the issue of the increasing resistance, its causes, and
possible solutions at Hungarian and international urological meetings. 2) Adherence to
guidelines and proper antibiotic use: we accomplished the translation of the US and European
Guidelines on Urological Infections. 3) Non-antibiotic prophylaxis and treatment,
avoidance of antibiotic use: as a part of our research on AUC we discussed the latest non-
antibiotic preventive and therapeutic means, including the use of immunoprophylaxis and
combined phytotherapy through several publications. 4) Catheter research: as a part of our
research on the antimicrobial resistance and management of catheter-associated UTIs we
analyzed a novel catheter type (Sharklet) which in contrast with the previous chemical catheter
modifications, utilizes the alteration of the physical attributes of the catheter surface. Using
electromicroscopy we revealed that the special micropattern can significantly decrease the rate
of biofilm formation on the modified catheter surface. 5) Research on possible uropathogens:
additionally we managed to confirm that Actinotignum schaalii, a newly recognized pathogen,
is able to cause urological infections. Using the MALDI-ToF technology we successfully
isolated the bacteria from a urine sample of a patient suffering from lower urinary tract

infection. The case report is recently being prepared for publication [53, 54]. 6) Participation



46

in the international surveillance: we are annually collecting Hungarian data for the GPIU
study, also contacted and recruited other urologic departments from all over the country. Then
by joining to the GPIU study group we are now actively participating in the processing of the

international surveillance data.

5.4. Opportunity for further research

It has become evident that we need to place more emphasis on the anti-infective research as
infections can be even much more alarming than the oncologic diseases. The COVID-19
outbreak has reminded us of the true importance of infectology. Without having cure, a
pandemic from a microorganism of even a relatively low fatality rate can cause enormous
damage to the economy, not mentioning its healthcare aspects. Moreover, as a result of the
pandemic, the role of telemedicine has also largely increased. The ACSS can be used for self-

diagnosis or diagnosing by telephone.

5.4.1. Further surveillance

The results of international urological surveillance from the GPIU study are only published
until 2010. When the latest data will be published, we will be able to compare the results with
our recent data, which might reveal useful information regarding the efficacy of our antibiotic

treatment strategy.

5.4.2. Further research on acute uncomplicated cystitis (AUC)

In the era of increasing resistance, the practice to treat AUC with antibiotics regardless of its
severity should be changed. It is clear by now that in the future treatment of AUC should highly
rely on non-antibiotic modalities [2, 42]. With the implementation of symptom scoring we
expect a huge breakthrough in the research on non-antibiotic treatment of AUC. The ACSS has
already been used in a phase 111 clinical trial to assess the efficiency of a combined phytotherapy
in AUC [55], where the non-antibiotic approach shown comparable results to antibiotic
treatment. We also started using the Hungarian version combined with urine inflammatory
markers in order to determine patient groups who could profit the most from symptomatic or

non-antibiotic treatment.
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6. CONCLUSIONS

6.1. Surveillance

1. During the studied period about the half of the cultured bacteria were E. coli, however a
significant increase in the rate of E. faecalis was observed, which may be contributed to the
increasing rate of endourological procedures. The same tendancy can be observed in the
international data. The increased rate of E. faecalis should be taken into account when selecting
antibiotics for empirical treatment while foreign bodies are present in the urinary tract.

2. In our region we observed a significant increase in the resistance of the predominant bacteria
against most of the antibiotics. Our results were slightly better when compared to the
international data, which means we can still use narrower spectrum antibiotics such as
aminoglycosides or cephalosporins and save carbapenems for severe infections. However,
based on our results, the use of fluoroquinolones cannot be recommended for empirical
treatment of UTIs.

3. The increase in the rate of MDR species is a major concern. Prescribers must be aware of
MDR uropathogens when choosing antibiotic agent for empirical treatment of nosocomial
UTls.

4. The data from our surveillance allowed us develop a local antibiotic treatment strategy in our
department and its surrounding area. The results provide helpful information to improve the
antibiotic treatment strategy in other parts of Hungary as well, however, we strongly
recommend that every urologic department should perform regular monitoring on their local

antibiotic resistance profiles.

6.2. Cystitis diagnostic research

1. As a part of an international team, we performed the translation, linguistic and clinical
diagnostic validation of the ACSS in order to develop the Hungarian version of the
questionnaire. As a result, the ACSS is now available for Hungarian urologists, gynecologists
and general practitioners as an accurate, fast and cost-effective diagnostic tool in clinical
practice. The ACSS may decrease the costs in primary care by emitting urine analysis, or can
be used for self-diagnosis and telemedicine making it beneficial for the global healthcare

system.
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2. The most important advantage of the ACSS is that it can be recommended for international
epidemiological and interventional studies on AUC.

The assessment of the ACSS as a diagnostic tool confirmed that the Hungarian ACSS, along
with the other language verisions of the ACSS, can now be safely used in clinical research as
an accurate, transparent standardized method for diagnosis, and patient inclusion.

3. The evaluation of the ACSS as a tool for PROMs revealed that the additional information
gained by symptom scoring is especially important for longitudinal evaluation of the condition.
The ACSS can reliably assess the possible changes of the symptoms after therapy, their
bothersomeness, and effect on the QoL, impacts on daily and social activities. Therefore, it can
be used in clinical trials as a standardized method for follow-up and monitoring of the efficiency
of the applied treatment. In the future it could be used for the comparison of different antibiotic

and non-antibiotic treatment modalities.

7. ACKNOWLEDGEMENTS

First of all, I would like to thank my research supervisors and mentors for their patient guidance,

enthusiastic encouragement and useful critiques of this research work.

| wish to express my deep and sincere gratitude to Professor Péter Tenke for his trust in me.
You have shown me that the word "impossible™ is just an excuse. Thank you for providing all
the invaluable opportunities for my work and research. | am extremely grateful | had a chance

to learn from you.

| cannot begin to express my thanks to Dr. Béla Koves for introducing me to the world of
science, explaining the rules of writing a paper, teaching the methodology of carrying out
research and presenting scientific works as clearly as possible. His willingness to give his time
so generously cannot be overestimated. Thank you for your professional guidance through each
stage of the process and your critical and constructive suggestions for this project. Your way of

thinking has very much inspired me.

| sincerely appreciate the insightful advices given by Professor Erzsébet Nagy in the planning

of my thesis. Dear Erzsébet, thank you so much for your guidance!



49

Thanks should also go to all the patients involved in the studies.
Furthermore, my research could not have been accomplished without the valuable work of the
co-authors. | would like thank the members of the ACSS research team for their advices,

corrections. It was a great privilege and honor to be part of the team.

Moreover, | am deeply indebted to my colleagues for their patience and encouragement during

the research period.

I would also like to extend my gratitude to the following persons:

My friend Adi. Your dynamism and vision have deeply motivated me.

Dr. Jakonghir Alidjanov for inviting me to participate in the international cystitis research and
for performing all the difficult statistical calculations.

Dr. Péter Balint for his hard work. The data he collected through several years greatly improved
the value of the article. And thank you for always helping me with the best practical advices
regarding the treatment of my patients. | cannot be grateful enough for the knowledge you share

with me.

Dr. Andras Bécsi for his help with patient recruitment and data collection. Thank you so much
for the help you provided me.

Dr. Kéroly Nagy for his help with the preparations regarding the thesis.

Dr. Andras Dobak for his assistance with the methodological analysis of the urine cultures.



50

I1dik6 Bérczy for providing the papers essential to my work and giving her precious time for
improving my reference list even during her summer holiday. | appreciate your help, you are

truly a wonderful person.

Katalin Szabo for her help during the translation process.

I cannot express my thanks enough to my godmother Nati for her brilliant linguistic corrections
and helpful suggestions.

I am extremely grateful to my parents for their love, prayers, caring and sacrifices for

educating and preparing me for the future.

Finally, my beloved Eszter for her patience and all the empathy and love she gave me. Thank

you so much, dear!



51

8. REFERENCES

1. Cassini A, Plachouras D, Eckmanns T, Abu Sin M, Blank HP, Ducomble T, et al.
Burden of Six Healthcare-Associated Infections on European Population Health: Estimating
Incidence-Based Disability-Adjusted Life Years through a Population Prevalence-Based
Modelling Study. PL0oS medicine. 2016;13(10):e1002150.

2. ECDC-EMEA. The bacterial challenge: time to react, ECDC/EMEA Joint Technical
Report.
https://ecdc.europa.eu/sites/portal/files/media/en/publications/Publications/0909_TER_The B
acterial_Challenge_Time_to_React.pdf. (2020.05.15).

3. World Health Organization: Antimicrobial resistance.

http://www.who.int/antimicrobial-resistance/en (2020.05.14).

4, Review on Antimicrobial Resistance. May 19, 2016 — Tackling Drug-Resistant
Infections Globally: final report and recommendations. https://amr-
review.org/Publications.html (2020.05.15.).

5. Kinch MS, Patridge E, Plummer M, Hoyer D. An analysis of FDA-approved drugs for
infectious disease: antibacterial agents. Drug discovery today. 2014;19(9):1283-7.

6. Dellit TH, Owens RC, McGowan JE, Jr., Gerding DN, Weinstein RA, Burke JP, et al.
Infectious Diseases Society of America and the Society for Healthcare Epidemiology of
America guidelines for developing an institutional program to enhance antimicrobial
stewardship. Clinical infectious diseases : an official publication of the Infectious Diseases
Society of America. 2007;44(2):159-77.

7. Wagenlehner FM, Bartoletti R, Cek M, Grabe M, Kahlmeter G, Pickard R, et al.
Antibiotic stewardship: a call for action by the urologic community. European urology.
2013;64(3):358-60.

8. Bonkat G BR, Bruyére F, Cai T, Geerlings SE, Koves B. EAU Guidelines on Urological
Infections. https://uroweborg/. 2020.

9. Grabe M B-JT, Botto H, et al. Guidelines on urological infections. European
Association of Urology Web site.

10.  Cai T, Verze P, Brugnolli A, Tiscione D, Luciani LG, Eccher C, et al. Adherence to
European Association of Urology Guidelines on Prophylactic Antibiotics: An Important Step
in Antimicrobial Stewardship. Eur Urol. 2016;69(2):276-83.


http://www.who.int/antimicrobial-resistance/en

52

11.  van Duin D, Bonomo RA. Ceftazidime/Avibactam and Ceftolozane/Tazobactam:
Second-generation beta-Lactam/beta-Lactamase Inhibitor Combinations. Clinical infectious
diseases : an official publication of the Infectious Diseases Society of America. 2016;63(2):234-
41,

12. Braissant O, Wirz D, Gopfert B, Daniels AU. Use of isothermal microcalorimetry to
monitor microbial activities. FEMS microbiology letters. 2010;303(1):1-8.

13. Braissant O, Muller G, Egli A, Widmer A, Frei R, Halla A, et al. Seven hours to
adequate antimicrobial therapy in urosepsis using isothermal microcalorimetry. Journal of
clinical microbiology. 2014;52(2):624-6.

14.  Alidjanov JF, Abdufattaev UA, Makhsudov SA, Pilatz A, Akilov FA, Naber KG, et al.
New self-reporting questionnaire to assess urinary tract infections and differential diagnosis:
acute cystitis symptom score. Urologia internationalis. 2014;92(2):230-6.

15.  Trautner BW, Darouiche RO. Role of biofilm in catheter-associated urinary tract
infection. American journal of infection control. 2004;32(3):177-83.

16. Pickard R, Lam T, Maclennan G, Starr K, Kilonzo M, McPherson G, et al. Types of
urethral catheter for reducing symptomatic urinary tract infections in hospitalised adults
requiring short-term catheterisation: multicentre randomised controlled trial and economic
evaluation of antimicrobial- and antiseptic-impregnated urethral catheters (the CATHETER
trial). Health technology assessment. 2012;16(47):1-197.

17.  World Health Organisation. https://www.who.int (2020.05.14).

18. Cusini A, Herren D, Biitikofer L, Pliiss-Suard C, Kronenberg A, Marschall J. Intra-
hospital differences in antibiotic use correlate with antimicrobial resistance rate in Escherichia
coli and Klebsiella pneumoniae: a retrospective observational study. Antimicrobial Resistance
& Infection Control. 2018;7(1):89.

19. National Bacteriological Surveillance Management Team. NBS Annual reports.

National Center for Epidemiology B, Hungary. http://www.oek.hu/oek.web (2020.05.14.).

20. European  Antimicrobial  Resistance  Surveillance  Network  (EARS-Net).
https://www.ecdc.europa.eu/en/about-us/partnerships-and-networks/disease-and-laboratory-
networks/ears-net (2020.05.14).

21. Cek M, Tandogdu Z, Wagenlehner F, Tenke P, Naber K, Bjerklund-Johansen TE.
Healthcare-associated urinary tract infections in hospitalized urological patients--a global



http://www.who.int/
http://www.oek.hu/oek.web
http://www.ecdc.europa.eu/en/about-us/partnerships-and-networks/disease-and-laboratory-networks/ears-net
http://www.ecdc.europa.eu/en/about-us/partnerships-and-networks/disease-and-laboratory-networks/ears-net

53

perspective: results from the GPIU studies 2003-2010. World journal of urology.
2014;32(6):1587-94.

22.  Global Prevalence Study on Infections in Urology (GPIU-study). https://gpiu.esiu.org/
(2020.05.15).

23. CLSI. Performance Standards for Antimicrobial Susceptibility Testing. Wayne, PA:
Clinical and Laboratory Standards Institute; 2004. http://clsi.org/ (2016.03.14).

24. EUCAST. EUCAST MIC Breakpoint Tables. Basel: European Committee on
Antimicrobial Susceptibility Testing; 2011. www.eucast.org/ (2016.03.12).

25.  Tandogdu Z, Cek M, Wagenlehner F, Naber K, Tenke P, van Ostrum E, et al. Resistance

patterns of nosocomial urinary tract infections in urology departments: 8-year results of the

global prevalence of infections in urology study. World journal of urology. 2014;32(3):791-
801.

26.  Acute Cystitis Symptom Score (ACSS). http://www.acss.world/ (2020.05.15).

27.  Acquadro C CK GC, Mear I. Linguistic Validation Manual for Patient-Reported
Outcomes (PRO) Instruments. Qual Life Res. 2005;2005;14:1791-1792.

28.  Alidjanov JF AO BB, Abdufattaev UA, et al. Certificate of Authorship: e-USQOLAT:

The Web-Based Online Platform for Diagnosis of Lower Urinary Tract Infections in

Women”http://interoco.com/ copyright-depository/computer-programs/1438-2017-05-18-10-
59-16.html. 2017.

29.  Jakhongir F. Alidjanov HAL, Adrian Pilatz, Robert Pickard, Kurt G. Naber, Yodgorbek
U. Safaev, Florian M. Wagenlehner. Preliminary Clinical Validation of the UK English Version

of the Acute Cystitis Symptom Score in UK English-speaking female population of the
Newcastle, Great Britain. JOJ uro & nephron 1(3): JOJUN.MS.ID.555561. 2017.

30.  Alidjanov JF, Pilatz A, Abdufattaev UA, Wiltink J, Weidner W, Naber KG, et al. [New
questionnaire for the German validation of the Acute Cystitis Symptom Score]. Der Urologe
Ausg A. 2017;56(3):364-6.

31.  Alidjanov JF, Pilatz A, Abdufattaev UA, Wiltink J, Weidner W, Naber KG, et al.
[German validation of the Acute Cystitis Symptom Score]. Der Urologe Ausg A.
2015;54(9):1269-76.


http://clsi.org/
http://www.eucast.org/
http://www.acss.world/
http://interoco.com/

54

32.  Alidjanov JF, Abdufattaev UA, Makhsudov SA, Pilatz A, Akilov FA, Naber KG, et al.
The Acute Cystitis Symptom Score for Patient-Reported Outcome Assessment. Urologia
internationalis. 2016;97(4):402-9.

33.  Alidjanov JF, Abdufattaev UA, Makhmudov D, Mirkhamidov D, Khadzhikhanov FA,
Azgamov AV, et al. [Development and clinical testing of the Russian version of the Acute
Cystitis Symptom Score - ACSS]. Urologiia. 2014(6):14-22.

34.  US Department of Health and Human Services, Food and Drug Administration, Center
for Drug Evaluation and Research (CDER) (2018). Uncomplicated urinary tract infections:

developing drugs for treatment. Guidance for Industry (Draft). https://www.fda.gov/requlatory-

information/search-fda-quidance-documents/uncomplicated-urinary-tract-infections-

developing-drugs-treatment-quidance-industry.

35.  European Medicines Agency (2018) Guideline on the evaluation of medicinal products
indicated for treatment of bacterial infections.

https://www.ema.europa.eu/en/documents/scientific-quideline/draft-guideline-evaluation-

medicinal-products-indicated-treatment-bacterial-infections-revision-3 en.pdf.
36.  Gupta K, Hooton TM, Naber KG, Wullt B, Colgan R, Miller LG, et al. International

clinical practice guidelines for the treatment of acute uncomplicated cystitis and pyelonephritis

in women: A 2010 update by the Infectious Diseases Society of America and the European
Society for Microbiology and Infectious Diseases. Clinical infectious diseases : an official
publication of the Infectious Diseases Society of America. 2011;52(5):e103-20.

37. Kranz J, Schmidt S, Lebert C, Schneidewind L, Mandraka F, Kunze M, et al. The 2017
Update of the German Clinical Guideline on Epidemiology, Diagnostics, Therapy, Prevention,
and Management of Uncomplicated Urinary Tract Infections in Adult Patients. Part I1: Therapy
and Prevention. Urologia internationalis. 2018;100(3):271-8.

38.  Johansen TE, Cek M, Naber KG, Stratchounski L, Svendsen MV, Tenke P, et al.
Hospital acquired urinary tract infections in urology departments: pathogens, susceptibility and
use of antibiotics. Data from the PEP and PEAP-studies. Int J Antimicrob Agents. 2006;28
Suppl 1:591-107.

39. European Medicines Agency. Disabling and potentially permanent side effects lead to
suspension or restrictions of quinolone and fluoroquinolone antibiotics. Quinolone and

fluoroquinolone Article-31 referral, 2019.


http://www.fda.gov/regulatory-information/search-fda-guidance-documents/uncomplicated-urinary-tract-infections-developing-drugs-treatment-guidance-industry
http://www.fda.gov/regulatory-information/search-fda-guidance-documents/uncomplicated-urinary-tract-infections-developing-drugs-treatment-guidance-industry
http://www.fda.gov/regulatory-information/search-fda-guidance-documents/uncomplicated-urinary-tract-infections-developing-drugs-treatment-guidance-industry
http://www.ema.europa.eu/en/documents/scientific-guideline/draft-guideline-evaluation-medicinal-products-indicated-treatment-bacterial-infections-revision-3_en.pdf
http://www.ema.europa.eu/en/documents/scientific-guideline/draft-guideline-evaluation-medicinal-products-indicated-treatment-bacterial-infections-revision-3_en.pdf

55

https://www.ema.europa.eu/en/documents/referral/quinolone-fluoroquinolone-article-31-

referral-disabling-potentially-permanent-side-effects-lead_en.pdf (2020.06.05).

40. Sanchez GV, Master RN, Clark RB, Fyyaz M, Duvvuri P, Ekta G, et al. Klebsiella
pneumoniae antimicrobial drug resistance, United States, 1998-2010. Emerg Infect Dis.
2013;19(1):133-6.

41.  Margaret E. McCusker* ADH, Eli N. Perencevichf, and Mary-Claire Roghmann*.

Fluoroquinolone use and Clostridium difficile—associated diarrhea. Emerging Infectious
Diseases 2003;9. No 6.

42. Foxman B, Buxton M. Alternative approaches to conventional treatment of acute
uncomplicated urinary tract infection in women. Current infectious disease reports.
2013;15(2):124-9.

43.  Recurrent Uncomplicated Urinary Tract Infections in Women: AUA/CUA/SUFU
Guideline (2019). https://www.auanet.org/guidelines/recurrent-uti#x14282 (2019.05.26.).

44. A Lenore Ackerman TCC. The Bladder is Not Sterile: an Update on the Urinary
Microbiome. DOI: 10.1007/s11884-019-00543-6. Current Bladder Dysfunction Reports. 2019.
45, Fendrick AM, Saint S, Brook I, Jacobs MR, Pelton S, Sethi S. Diagnosis and treatment
of upper respiratory tract infections in the primary care setting. Clinical therapeutics.
2001;23(10):1683-706.

46.  Ruoff G. Upper respiratory tract infections in family practice. The Pediatric infectious
disease journal. 1998;17(8 Suppl):S73-8.

47.  Alidjanov JF, Naber KG, Abdufattaev UA, Pilatz A, Wagenlehner FM. Reliability of
Symptom-Based Diagnosis of Uncomplicated Cystitis. Urologia internationalis.
2019;102(1):83-95.

48.  Beerepoot MA, Geerlings SE, van Haarst EP, van Charante NM, ter Riet G.

Nonantibiotic prophylaxis for recurrent urinary tract infections: a systematic review and meta-
analysis of randomized controlled trials. The Journal of urology. 2013;190(6):1981-9.

49.  Wawrysiuk S, Naber K, Rechberger T, Miotla P. Prevention and treatment of
uncomplicated lower urinary tract infections in the era of increasing antimicrobial resistance-
non-antibiotic approaches: a systemic review. Archives of gynecology and obstetrics.
2019;300(4):821-8.


http://www.ema.europa.eu/en/documents/referral/quinolone-fluoroquinolone-article-31-referral-disabling-potentially-permanent-side-effects-lead_en.pdf
http://www.ema.europa.eu/en/documents/referral/quinolone-fluoroquinolone-article-31-referral-disabling-potentially-permanent-side-effects-lead_en.pdf
http://www.auanet.org/guidelines/recurrent-uti#x14282

56

50.  Spaulding CN, Klein RD, Schreiber HLt, Janetka JW, Hultgren SJ. Precision
antimicrobial therapeutics: the path of least resistance? NPJ biofilms and microbiomes.
2018;4:4.

51. Kulchavenya E. Acute uncomplicated cystitis: is antibiotic unavoidable? Therapeutic
advances in urology. 2018;10(9):257-62.

52. Holm A, Cordoba G, Siersma V, Brodersen J. Development and validation of a
condition-specific diary to measure severity, bothersomeness and impact on daily activities for
patients with acute urinary tract infection in primary care. Health and quality of life outcomes.
2017;15(1):57.

53. Lotte L, Lotte R, Durand M, Degand N, Ambrosetti D, Michiels JF, et al. Infections
related to Actinotignum schaalii (formerly Actinobaculum schaalii): a 3-year prospective
observational study on 50 cases. Clinical microbiology and infection : the official publication
of the European Society of Clinical Microbiology and Infectious Diseases. 2016;22(4):388-90.
54, Stevens RP, Taylor PC. Actinotignum (formerly Actinobaculum) schaalii: a review of
MALDI-TOF for identification of clinical isolates, and a proposed method for presumptive
phenotypic identification. Pathology. 2016;48(4):367-71.

55.  Wagenlehner FM, Abramov-Sommariva D, Holler M, Steindl H, Naber KG. Non-
Antibiotic Herbal Therapy (BNO 1045) versus Antibiotic Therapy (Fosfomycin Trometamol)
for the Treatment of Acute Lower Uncomplicated Urinary Tract Infections in Women: A
Double-Blind, Parallel-Group, Randomized, Multicentre, Non-Inferiority Phase Il Trial.
Urologia internationalis. 2018;101(3):327-36.



57



JOURNAL RESEARCH ARTICLE " MICROBIOLOGY
OF MEDICAL Magyar et al., Journal of Medical Microbiology 2017;66:788-797 . SOCIETY
MICROBIOLOGY DOI 10.1099/jmm.0.000498

Spectrum and antibiotic resistance of uropathogens between
2004 and 2015 in a tertiary care hospital in Hungary

Andras Magyar,'* Béla Kéves,' Karoly Nagy," Andrés Dobék,? Vinodh Kumar Adithyaa Arthanareeswaran,’
Péter Balint,' Florian Wagenlehner® and Péter Tenke'

Abstract

Purpose. Surveillance of the bacterial spectrum and antibiotic-resistance patterns of locally occurring uropathogens is
essential to serve as a basis for empirical treatment of urinary tract infections (UTls), as antibiotic-resistance rates may vary
geographically with significant differences between countries and regions, and with time.

Methodology. We retrospectively analysed all urine samples taken in the department of urology in a tertiary care hospital in
Hungary from January 2004 to December 2015.

Results/Key findings. The five most commonly occurring bacteria were Escherichia coli, Enterococcus faecalis, Klebsiella
pneumoniae, Pseudomonas aeruginosa and Proteus mirabilis. Resistance of Escherichia coli to ciprofloxacin increased
significantly from 19 to 25%. Although the resistance of Escherichia coli against cephalosporins showed an increasing
trend, it still remained generally low. However, resistance rates of K. pneumoniae to cephalosporins were very high,
reaching 60%, due to the high rate of extended-spectrum-B-lactamase-positive Klebsiella strains. We observed a
significant increase in the rate of carbapenem-resistant Pseudomonas aeruginosa.

Conclusion. Fluoroquinolones cannot be recommended for empirical treatment in our region. Cephalosporins can be a good
empirical choice for treating Gram-negative UTls, but should be avoided when multi-drug resistant (MDR) bacteria are
suspected. Increases in the rate of carbapenem-resistant Pseudomonas aeruginosa, and in the general rate of MDR bacteria,
are both a very alarming trend. We recommend practising prudent antibiotic policy, preferably using antibiotics with the
narrowest possible spectrum.

Hospital, Department of Urologyand to compare the annual
change in bacterial antibiotic resistance.

INTRODUCTION

The use of antibiotics in healthcare inevitably leads to increas-
ing antimicrobial resistance, with local antibiotic policies hav-
ing a strong impact on resistance patterns [1]. In order to

METHODS

enhance patient health outcomes and reduce the emergence of
resistance to antibiotics, coordinated strategies are needed [2-
4]. It is essential to carry out surveillance of the bacterial
spectrum and resistance to antibiotics of locally occurring uro-
pathogens that could serve as a basis for empirical treatment
of urinary tract infections (UTIs) and for surgical prophylaxis,
as antibiotic-resistance rates may vary geographically, with
significant differences between countries and regions, and
with time [5]. The aim of this retrospective analysis was to
assess the changes in the spectrum of bacteria cultured from
urine samples of patients in Jahn Ferenc South Pest Teaching

All urine samples (mid-stream urine, urine collected from
catheterized patients and urine collected during urinary
tract puncture) taken for any reason (including samples
from patients having UTIs, as well as urine cultures taken
preoperatively from asymptomatic patients not having
UTIs) from inpatients in the department of urology in a
tertiary care hospital in Hungary from January 2004 to
December 2015 were retrospectively analysed. The
Cochran-Armitage test was used to study the trends of anti-
biotic resistance and positive urine culture numbers. P<0.05
was considered significant.
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To eliminate duplicate results, only one species per year per
patient with an identical antibiogram was included in the
statistical analysis. To describe the changes in resistance and
bacterial spectrum, we used the following methods and sim-
plifications: (1) resistance rates were discussed per antibi-
otic; (2) for presenting the changes in bacterial spectrum
and resistance rates on tables and figures, we decided to
include only the five most prevalent species present in >5 %
of the bacterial spectrum; (3) in the cases of low numbers
and high fluctuation of data, we displayed the mean occur-
rences of resistant isolates during consecutive years; (4)
until 2010, we had limited data transferred from Corden
International, microbiology laboratory, Budapestdue to the
absence of an electronic database; therefore, missing data in
table cells were marked as ND (not determined). The ND
mark was also used in the cases of data not being deter-
mined based on the microbiologist’s decision, mostly due to
economic reasons.

From 2010, the improvement of our electronic computer
system gave us the opportunity to perform data mining in
depth. In order to evaluate the reason for increasing Klebsi-
ella pneumoniae resistance, we were able to separate the
extended-spectrum-@B-lactamase (ESBL)-producing strains.
Organisms that were able to hydrolyse third-generation
cephalosporins, but could be inhibited by clavulanic acid (in
vitro), were considered ESBL positive. However, isolates
resistant to third-generation cephalosporins, yet sensitive to
fourth-generation cephalosporins, were not considered as
ESBL-producing organisms.

Culturing methods

For identification of the bacteria, the urine samples were
collected in boric acid containers and sent to the microbiol-
ogy laboratory. The inoculation of the pathogens was per-
formed using a 0.01 ml loop into BD Brilliance UTI agar.
After incubation at 37°C for 16-18h in a normal atmo-
sphere thermostat, the colonies were inoculated into Oxoid-
Columbia blood or MacConkey agar (Oxoid). For identifi-
cation of the micro-organisms, we used the BD Phoenix
automated system (BD Biosciences) or ENTEROtest 16 kit
(Lachema). There was no relevant change in methods nor
antibiotics used for screening the resistance profile through-
out the years. Until 2011, antibiotic-susceptibility testing
was performed using the BD Phoenix automated system or
Mueller-Hinton agar with the disc diffusion method in
accordance with Clinical and Laboratory Standards Institute
(CLSI) guidelines [6], then we shifted to the European Com-
mittee on Antimicrobial Susceptibility Testing (EUCAST)
standards [7]. To determine MICs, the BD Phoenix auto-
mated system or Liofilchem MIC strips were used. After
incubation, the isolates were classified as susceptible, inter-
mediate and resistant according to the EUCAST MIC
breakpoint tables [7]. In accordance with the international
standards, Enterobacteriaceae were considered resistant to
fosfomycin, colistin and tigecycline with MIC concentra-
tions exceeding 32, 2 and 2 mg1~", respectively.
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Multi-drug resistant (MDR) species

Data for MDR species were gained from the report of Jahn
Ferenc South Pest Teaching Hospitalto the Hungarian
National Nosocomial Surveillance System (National Epidemi-
ology Centre) [8]. In the report, species meeting the following
criteria were considered MDR: vancomycin-resistant Entero-
coccus faecalis and Enterococcus faecium (VRE), ESBL-
producing or carbapenem-resistant Enterobacteriaceae, MDR
Pseudomonas aeruginosa (susceptible to <2 of the following
antibiotics: piperacillin/tazobactam, ceftazidime, cefepime,
imipenem, meropenem, ciprofloxacin, gentamicin, tobramy-
cin, amikacin), carbapenem-resistant Acinetobacter bauman-
nii, and different types of MDR Staphylococcus aureus
including meticillin-resistant S. aureus (MRSA).

RESULTS

Bacterial spectrum

A total of 2871 urine cultures showing a significant presence
of uropathogens was analysed during the 12-year-long period.
The yearly number of positive cultures did not vary signifi-
cantly (mean 240 positive samples, P=0.271). The spectrum of
cultured bacteria in Jahn Ferenc South Pest Teaching Hospital,
Department of Urology is shown in Fig. 1. The bacterial spec-
trum in the urine cultures of hospitalized patients was fairly
constant over the years. Escherichia coli was the most frequent
species in the whole study period. It averaged about 50 % of
the samples, with a highest percentage of 56 % in 2008 and
2010, and a lowest of 42 % in 2007 and 2014. Enterococcus fae-
calis showed a significant increasing tendency (from 15 % in
2004 to 28 % in 2015, P<0.0001). The prevalence of K. pneu-
moniae remained fairly constant during the years, with a
mean of 11%. The percentage of Pseudomonas aeruginosa
and Proteus mirabilis showed a slight increase, but remained
lower than 10 %, except for Pseudomonas aeruginosa in 2014,
when it reached 14 %.

Resistance patterns

The resistance rates for the antibiotics are summarized in
Tables 1-6.

Fluoroquinolones (Table 1)

Ciprofloxacin resistance in Escherichia coli showed a signifi-
cant increase from 19 % (25/130) to 25 % (31/122) during the
12years (P=0.021). In K. pneumoniae, resistance patterns
against ciprofloxacin and norfloxacin fluctuated, varying
between 26 % (7/27) to 59 % (17/29). In the case of Enterococ-
cus faecalis, resistance to ciprofloxacin was above 47 % (22/47)
and to levofloxacin exceeding 40 % (26/65). Pseudomonas aer-
uginosa showed variable, but significantly decreasing resis-
tance to ciprofloxacin from 38% (5/13) to 13% (2/16),
P=0.025, and levofloxacin, from 38 % (5/13) to 19 % (3/16),
during the studied years (P=0.032). Resistance of Proteus mir-
abilis against ciprofloxacin varied between 10% (2/20) and
44 % (7/16) in the second half of the studied period.

Penicillin derivatives (Table 2)
Ampicillin resistance remained constant in the case of
Escherichia coli, 57 % (74/130) to 54 % (66/122); Enterococcus
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Bacterial spectrum
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Fig. 1. The prevalence of the five most commonly cultured bacteria in the 2871 urine samples.

faecalis, 0% (0/70); and K. pneumoniae, 100 % (22/22); and
showed statistically significant increase (P=0.007) in the case
of Proteus mirabilis from 20 % (2/10) to 40 % (8/20), peaking
in 2013 with 53 % (8/15).

Resistance of Escherichia coli against amoxicillin/clavulanic
acid varied between 6 % (10/156) and 35 % (46/131). Resis-
tance of K. pneumoniae showed significant increase
(P<0.0001) from 17 % (4/23) to 59 % (13/22). Regarding
Proteus mirabilis, resistance to amoxicillin/clavulanic acid
reached 19% (4/21) in 2014, but mostly remained under
10 % (1/10).

Carbapenems (Table 3)

No resistance developed to imipenem, meropenem and
ertapenem in Escherichia coli, K. pneumoniae, Enterococcus
faecalis and Proteus mirabilis during the examined years.
Pseudomonas aeruginosa showed resistance rates with sig-
nificant increasing tendency (P=0.026) versus imipenem,
from 6 % (1/16) in 2010 to 27 % (4/15) in 2015; however,
the increase from 0% (0/16) to 19 % (3/16) in the case of
meropenem was not significant (P=0.075) in the second half
of the studied period.

Cephalosporins (Table 4)

Cephalosporin resistance was evaluated only for Gram-neg-
ative pathogens. Resistance to cefuroxime in Escherichia coli
increased slightly but not significantly (P=0.88) from 8%
(9/107) to 12 % (15/122), peaking in 2011 at 18 % (19/108).
In K. pneumoniae, resistance to cefuroxime varied between
24 % (10/42) and 60 % (18/30), and in Proteus mirabilis it
was under 8 % (1/12).

Cefixime resistance in Escherichia coli remained under 14 %
(15/106) and in Proteus mirabilis it was 0% (0/20 in 2015).
The resistance rate in K. pneumoniae showed a non-signifi-
cant increase (P=0.765) from 29 % (6/21) to 48 % (10/21).

In the case of ceftriaxone and ceftazidime, Escherichia coli
showed a slight but significant increase in resistance during
the study years, from 1% (1/129) to 8 % (10/122), and 0%
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(0/156) to 8% (10/122), respectively (P<0.0001and
P=0.015, respectively). In K. pneumoniae, resistance rates
against ceftriaxone fluctuated between 24 % (10/42) and
57 % (17/30) in the second half of the period. No ceftriaxone
and ceftazidime resistant Proteus mirabilis strain was cul-
tured. Pseudomonas aeruginosa showed resistance to cefta-
zidime ranging from 0 % (0/20) to 16 % (3/19).

Cefepime resistance in Escherichia coli increased signifi-
cantly (P<0.0001) from 1% (1/129) to 8% (8/103). The
resistance level of K. pneumoniae reached 40 % (4/10) in
2012. Resistance rates found in the case of Pseudomonas
aeruginosa and Proteus mirabilis for cefepime decreased
from 15% (2/13) to 6 % (1/16), and from 10% (1/10) to 0 %
(0/16), respectively; however, the changes were statistically
not significant (P=0.446 and P=0.331, respectively).

Aminoglycosides (Table 5)

Gentamicin resistance remained under 7% (10/140) in
Escherichia coli. The resistance rates significantly decreased
from 100 % (38/38) to 50 % (35/70) in Enterococcus faecalis
(P<0.0001), 31 % (4/13) to 13 % (2/16) in Pseudomonas aer-
uginosa (P=0.011), and 30 % (3/10) to 15 % (3/20) in Proteus
mirabilis (P=0.013), while in K. pneumoniae a significant
increase (P<0.0001) was observed from 0% (0/23) to 36 %
(8/22).

Resistance to amikacin in Escherichia coli decreased signifi-
cantly (P=0.003). In 2004, the resistance rate was 4 % (5/
130), while in 2011, which was the last year that it was
tested in larger numbers, the rate was 0% (0/108). Resis-
tance of Pseudomonas aeruginosa was 6 % (1/16) in 2015.
In the last year of testing, no resistance to amikacin was
found in K. pneumoniae and Proteus mirabilis cultures.

Sulfamethoxazole/trimethoprim (Table 6a)

Resistance to sulfamethoxazole/trimethoprim in Escherichia
coli ranged between 19 % (22/118 in 2015) and 31 % (32/
102), which peaked in 2011. Resistance rates in K. pneumo-
niae significantly increased (P=0.001) from 13 % (3/23) in
2004 to 36 % (8/22) in 2015, with a peak of 63 % (19/30) in
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Table 1. Resistance rates against fluoroquinolones

The table shows the resistance rates against ciprofloxacin, levofloxacin and norfloxacin between 2004 and 2015. ND, Not determined

(a) Ciprofloxacin resistance Levofloxacin resistance
Year Escherichia Enterococcus Klebsiella Pseudomonas Proteus Escherichia Enterococcus Pseudomonas
coli faecalis pneumoniae aeruginosa mirabilis coli faecalis aeruginosa

% (n/N) % (n/N) % (n/N) % (n/N) % (n/N) % (n/N) % (n/N) % (n/N)

2004 19 (25/130) 100  (38/38) ND 38 (5/13) ND 0 (0/22) ND 38 (5/13)
2005 18  (25/140) 100  (42/42) ND 27 (3/11) ND 0 (0/12) ND 40 (4/10)
2006 22 (25/115) 97  (34/35) ND 36 (4/11) ND 14 1/7) ND 40 (4/10)
2007 27 (22/83) 100 (44/44) ND 33 (4/12) ND 12 (2/17) ND 33 (4/12)
2008 15  (24/156) 52 (34/66) 34 (11/32) 14 (1/7) 50 (2/4) 12 (2/17) ND 17 (1/6)
2009 24  (28/116) 96 (45/47) 30 (6/20) 22 (2/9) 38 (5/13) 9 (1/11) ND 25 (2/8)
2010 22 (24/107) 47 (22/47) 29 (6/21) 19 (3/16) 33 (4/12) 0 (0/13) ND 13 (2/15)
2011 31 (34/108) 56  (31/55) 26 (7127) 15 (2/13) 13 (1/8) 0 (0/15) ND 15 (2/13)
2012 24  (25/103) 50 (9/18) 59 (17/29) 16 (3/19) 44 (7/16) 0 (0/25) ND 38 (6/16)
2013 22 (23/103) ND 32 (11/34) 5 (1/20) 13 (2/15) ND ND 5 (1/20)
2014 25 (33/131) ND 29 (12/42) 22 (10/45) 19 (4/21) ND 41 (24/59) 22 (10/45)
2015 25 (31/122) ND 50 (11/22) 13 (2/16) 10 (2/20) ND 40  (26/65) 19 (3/16)

(b) Norfloxacin resistance

Year Escherichia coli Klebsiella pneumoniae Proteus mirabilis

% (n/N) % (n/N) % (n/N)
2008 14 (22/153) 36 (12/33) 50 (2/4)
2009 18 (21/116) 35 (7/20) 46 (6/13)
2010 22 (24/107) 29 (6/21) 33 (4/12)
2011 32 (34/106) 26 (7127) 13 (1/8)
2012 25 (25/102) 57 (17/30) 44 (7/16)
2013 23 (23/102) 32 (11/34) 13 (2/15)
2014 25 (32/128) 29 (12/42) 20 (4/20)
2015 25 (31/122) 48 (10/21) 10 (2/20)

Table 2. Resistance rates against penicillin derivates

The table shows the resistance rates against ampicillin and amoxicillin/clavulanic acid between 2004 and 2015.

Year Ampicillin resistance Amoxicillin/clavulanic acid resistance
E. coli Enterococcus faecalis  Klebsiella pneumoniae  Proteus mirabilis  Escherichia coli  Klebsiella pneumoniae  Proteus mirabilis

% (n/N) % (n/N) % (n/N) % (n/N) % (n/N) % (n/N) % (n/N)
2004 57 (74/130) 0 (0/38) 100 (23/23) 20 (2/10) 23 (30/130) 17 (4/23) 10 (1/10)
2005 40 (56/140) 0 (0/42) 88 (23/26) 25 (2/8) 14 (20/140) 19 (5/26) 0 (0/8)
2006 53 (61/115) 0 (0/35) 100 (13/13) 18 (2/11) 28 (32/115) 23 (3/13) 9 (1/11)
2007 48  (40/83) 2 (1/44) 100 (28/28) 21 (3/14) 18 (15/83) 14 (4/28) 7 (1/14)
2008 49 (76/156) 0 (0/66) 100 (33/33) 50 (2/4) 6  (10/156) 6 (2/33) 25 (1/4)
2000 52 (60/116) 0 (0/47) 100 (20/20) 23 (3/13) 19 (22/116) 15 (3/20) 8 (1/13)
2010 67 (72/107) 0 (0/47) 100 (21/21) 33 (4/12) 17 (18/107) 33 (7/21) 0 (0/12)
2011 57 (61/107) 2 (1/55) 100 (27/27) 38 (3/8) 23 (25/107) 26 (7/27) 13 (1/8)
2012 52 (53/103) 0 (0/71) 100 (29/29) 44 (7/16) 15 (15/103) 57 (17/30) 0 (0/16)
2013 45 (46/103) 1 (1/82) 100 (34/34) 53 (8/15) 14 (14/103) 47 (16/34) 7 (1/15)
2014 60 (78/131) 0 (0/90) 100 (42/42) 52 (11/21) 35 (46/131) 38 (16/42) 19 (4/21)
2015 54 (66/122) O (0/70) 100 (22/22) 40 (8/20) 28 (34/122) 59 (13/22) 5 (1/20)
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Table 3. Resistance rates against carbapenems

The table shows the resistance rates against imipenem, meropenem and ertapenem between 2008 and 2015.

(a) Imipenem resistance
Year Escherichia coli Enterococcus faecalis Klebsiella pneumoniae Pseudomonas aeruginosa Proteus mirabilis
% (n/N) % (n/N) % (n/N) % (n/N) % (n/N)
2008 0 (0/156) ND 0 (0/33) (0/7) 25 (1/4)
2009 0 (0/116) ND 0 (0/20) (0/9) 15 (2/13)
2010 0 (0/107) ND 0 (0/21) 6 (1/16) 0 (0/12)
2011 0 (0/108) ND 0 (0/27) 15 (2/13) 0 (0/8)
2012 0 (0/101) 0 (0/14) 0 (0/30) 5 (1/19) 0 (0/16)
2013 0 (0/103) 0 (0/9) 0 (0/32) 5 (1/20) 0 (0/15)
2014 0 (0/131) 0 (0/10) 0 (0/42) 16 (7/45) 0 (0/21)
2015 0 (0/122) 0 (0/49) 0 (0/22) 27 (4/15) 0 (0/19)
(b) Meropenem resistance Ertapenem resistance
Year Escherichia Klebsiella Pseudomonas Proteus Escherichia Klebsiella Proteus
coli pneumoniae aeruginosa mirabilis coli pneumoniae mirabilis
% (n/N) % (n/N) % (n/N) % (n/N) % (n/N) % (n/N) % (n/N)
2010 0 (0/85) 0 (0/16) 0 (0/16) 0 (0/12) 0 (0/107) 0 (0/21) 0 (0/12)
2011 0 (0/108) O (0/22) 15 (2/13) 0 (0/8) 0 (0/108) 0 (0/27) 0 (0/8)
2012 0 (0/75) 0 (0/20) 5 (1/19) 0 (0/11) 0 (0/103) 0 (0/30) 0 (0/16)
2013 0 (0/99) 0 (0/31) 0 (0/20) 0 (0/15) 0 (0/103) 0 (0/34) 0 (0/15)
2014 0 (0/131) 0 (0/41) 16 (7/45) 0 (0/21) 0 (0/131) 0 (0/42) 0 (0/21)
2015 0 (0/121) © (0/22) 19 (3/16) 0 (0/19) 0 (0122) 0 (0/22) 0 (0/20)

ND, Not determined.

2012. In the case of Proteus mirabilis, resistance rates ranged
between 20 % (2/10) and 63 % (10/16).

Nitrofurantoin (Table 6a)

Resistance to nitrofurantoin in Escherichia coli remained
below 2% (3/129). K. pneumoniae and Proteus mirabilis
were 100% (21/21 and 20/20, respectively) resistant to
nitrofurantoin in 2015.

Fosfomycin (Table 6b)

Fosfomycin was tested in the laboratory between 2010 and
2012. We found relatively low resistance rates for Escherichia
coli, 0% (0/102) to 5% (1/20); K. pneumoniae, 0% (0/7) to
15 % (3/20); and Proteus mirabilis, 0 % (0/4) to 14 % (1/7).

Polymyxin B (Table 6b)

Resistance to polymyxin B was 95 % (19/20) to 100 % (21/21)
in Proteus mirabilis, and 0% in Escherichia coli, K. pneumo-
niae and Pseudomonas aeruginosa, between 2010 and 2015 (in
2015 the rates were 0/122, 0/22 and 0/16, respectively).

Additional data

In Pseudomonas aeruginosa, resistance to colistin ranged
between 0% (0/16) and 8% (1/13), and to tobramycin
between 0 % (0/16) and 16 % (7/45). Piperacillin/tazobactam
was tested with Pseudomonas aeruginosa with the highest
rate of resistance in 2014 : 11 % (5/45). In Enterococcus fae-
calis, tigecycline and vancomycin resistances remained at
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0% (0/70 in 2015), but the tetracycline resistance level was
high and ranged from 87 % (41/47) to 94 % (17/18).

MDR species (Table 7)

Combined data on all MDR species is available only from
2013 and is presented in Table 7(a). During this period, the
rate of MDR bacteria showed a significant (P=0.008)
increase from 8 % (23/279) to 14 % (42/305).

ESBL-producing K. pneumoniae and Escherichia coli
(Table 7b)

About 24 % (7/29) to 33 % (10/30) of cultured K. pneumo-
niae were ESBL positive since 2010, with an exceptional
peak of 60% (18/30) in 2012. The rate of ESBL-positive
Escherichia coli varied between 6 % (7/110) to 9% (12/129)
in the last 6 years, but in 2011 it reached 15 % (16/108). The
increase of ESBL-positive cases from 2010 to 2015 was
not significant (in ESBL-producing Escherichia coli, P=0.96;
K. pneumoniae, P=0.791).

DISCUSSION

The optimal treatment of hospitalized patients requires
knowledge of the antimicrobial-resistance patterns of the
most frequent uropathogens. It is extremely important to
carry out surveillance of the regional and local spectrum of
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Table 4. Resistance rates against cephalosporines

The table shows the resistance rates against cefamandole, cefuroxime, ceftriaxone, cefixime, ceftazidime and cefepime between 2004 and 2015.

(a) Cefamandole resistance

Cefuroxime resistance

Year  Escherichia coli  Klebsiella pneumoniae  Proteus mirabilis Escherichia coli Klebsiella pneumoniae  Proteus mirabilis
% (n/N) % (n/N) % (n/N) % (n/N) % (n/N) % (n/N)
2004 4 (5/130) 4 (1/23) 0 (0/10) 8 (9/107) 29 (6/21) 8 (1/12)
2005 5 (7/140) 8 (2/26) 13 (1/8) 18 (19/108) 30 (8/27) 0 (0/8)
2006 16  (18/115) 0 (0/13) 18 (2/11) 8 (8/103) 60 (18/30) 6 (1/16)
2007 4 (3/83) 4 (1/28) 21 (3/14) 7 (7/103) 32 (11/34) 0 (0/15)
2008 0 (0/156) 3 (1/33) 0 (0/4) 10 (13/131) 24 (10/42) 0 (0/21)
2009 7 (8/116) 5 (1/20) 8 (1/13) 12 (15/122) 50 (11/22) 0 (0/20)
2010 7 (7/107) 0 (0/21) 0 (0/12) ND ND ND
(b) Ceftriaxone resistance Cefixime resistance
Year Escherichia coli Klebsiella pneumoniae Proteus mirabilis Escherichia coli Klebsiella pneumoniae Proteus mirabilis
% (n/N) % (n/N) % (n/N) % (n/N) % (n/N) % (n/N)
2004 1 (1/129) 0 (0/23) 0 (0/10) ND ND ND
2005 0 (0/140) 4 (1/26) 0 (0/8) ND ND ND
2006 1 (1/115) 0 (0/13) 9 (1/11) ND ND ND
2007 2 (2/83) 0 (0/28) 0 (0/14) ND ND ND
2008 0 (0/156) 0 (0/33) 0 (0/4) 0 (01) ND 0 (074)
2009 5 (6/115) 0 (0/20) 0 (0/13) 4 (5/116) ND 0 (0/13)
2010 9 (9/106) 29 (6/21) 0 (0/12) 8 (8/106) 29 (6/21) 0 (0/12)
2011 16 (17/108) 26 (7/27) 0 (0/8) 14 (15/106) 26 (7127) 0 (0/8)
2012 6 (6/103) 57 (17/30) 0 (0/16) 7 (2/25) 57 (17/30) 0 (0/16)
2013 7 (7/103) 32 (11/34) 0 (0/15) 7 (7/101) 32 (11/34) 0 (0/15)
2014 9  (12/131) 24 (10/42) 0 (0/21) 9 (11/128) 24 (10/42) 0 (0/20)
2015 8 (10/122) 46 (10/22) 0 (0/20) 10 (12/122) 48 (10/21) 0 (0/20)
(c) Ceftazidime resistance Cefepime resistance
Year Escherichia Klebsiella Pseudomonas Proteus Escherichia Klebsiella Pseudomonas Proteus
coli pneumoniae aeruginosa mirabilis coli pneumoniae aeruginosa mirabilis
% (n/N) % (n/N) % (n/N) % (n/N) % (n/N) % (n/N) % (n/N) % (n/N)
2004 ND ND ND ND 1 (1/129) 0 (0/23) 15 (2/13) 10 (1/10)
2005 ND ND ND ND 0 (0/139) 0 (0/26) 9 (1/11) 0 (0/8)
2006 ND ND ND ND 2 (2/114) 0 (0/13) 9 (1/11) 9 (1/11)
2007 ND ND ND ND 2 (2/83) 0 (0/28) 0 (0/12) 0 (0/14)
2008 0  (0/156) 0 (0/33) 0 (0/7) 0 (0/4) 0 (0/156) 0 (0/33) 0 (0/7) 0 (0/4)
2009 5 (6/116) 15 (3/20) 11 (1/9) 0 (0/13) 7 (8/116) 0 (0/20) 11 (1/9) 15 (2/13)
2010 9 (9/106) 29 (6/21) 13 (2/16) 0 (0/12) 8  (8/106) 29 (6/21) 13 (2/16) 0 (0/12)
2011 16  (17/108) 26 (7/27) 8 (1/13) 0 (0/8) 16 (17/108) 26 (7/27) 8 (1/13) 0 (0/8)
2012 6  (6/100) 59 (17/29) 16 (3/19) 0 (0/16) 8  (8/103) 40 (4/10) 12 (2/17) 0 (0/16)
2013 7 (7/103) 32 (11/34) 0 (0/20) 0 (0/15) ND 33 (4/12) 0 (0/20) ND
2014 9 (11/129) 22 (9/41) 13 (6/45) 0 (0/21) ND 100 (1/1) 7 (3/45) ND
2015 8 (10/122) 46  (10/22) 6 (1/16) 0 (0/20) ND ND 6 (1/16) ND

ND, Not determined.
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Table 5. Resistance rates against aminoglycosides

The table shows the resistance rates against gentamicin and amikacin between 2004 and 2015.

Gentamicin resistance Amikacin resistance
Year  Escherichia Enterococcus Klebsiella Pseudomonas Proteus Escherichia Klebsiell Pseud. Proteus
coli Jaecalis pneumoniae aeruginosa mirabilis coli pneumoniae aeruginosa mirabilis
% (n/N) % (n/N) % (n/N) % (n/N) % n/N) % (n/N) % (n/N) % (n/N) %  (n/N)
2004 6 (8/130) 100 (38/38) O  (0/23) 31 (4/13) 30 (3/10) 4 (5/130) ND 0 (0/13) ND
2005 7 (10/140) 100  (42/42) 4  (1/26) 36 (4/11) 38 (3/8) 3 (4/140) ND 0 (0/11) ND
2006 4 (5/115) 100 (35/35) 0 (0/13) 45 (5/11) 45 (5/11) 1 (1/115) ND 18 (2/11) ND
2007 5 (4/83) 100 (44/44) 4 (1/28) 33 (4/12) 29  (4/14) 7 (6/83) ND 0 (0/12) ND
2008 0  (0/156) 53  (35/66) O  (0/33) 0 (0/7) 25 (1/4) 0 (0/7) 0 (072) 0 (0/7) 0 (0/1)
2009 4 (5/116) 100 (47/47) 0 (0/20) 22 (2/9) 15 (2/13) 0 (0/116) 0 (0/20) 0 (0/9) 0 (0/13)
2010 4 (4/107) 38 (18/47) 24 (5/21) 0 (0/16) 8 (1/12) 0 (0/107) 0 (0/21) 0 (0/16) 0 (0/12)
2011 3 (3/108) 38 (21/55) 30 (8/27) 15 (2/13) 0 (0/8) 0 (0/108) 0 (0/27) 0 (0/13) 0 (0/8)
2012 1 (1/72) 53 (38/71) 36  (10/28) 21 (4/19) 6 (1/16) 0  (0/21) 10  (1/10) 0 (0/19) 0 (0/5)
2013 2 (2/103) 44 (36/82) 21  (7/34) 5 (1/20) 20 (315 0 (0/1) 0 (0/3) 5 (1/20) 0 (0/4)
2014 5 (6/131) 50  (45/90) 2 (1/42) 18 (8/45) 14 (321) 0 (03 0 (0/1) 2 (1/45) 0 (0/1)
2015 6 (7/122) 50  (35/70) 36  (8/22) 13 (2/16) 15 (3200 0 (0/1) 0 (0/1) 6 (1/16) 0 (0/2)

ND, Not determined.

the most commonly occurring bacteria and antimicrobial-
resistance rates during empirical treatment [9, 10].

The Global Prevalence of Infections in Urology (GPIU)
study is an annual worldwide-performed point prevalence
study intended to create surveillance data on antibiotic
resistance, type of urogenital infections and risk factors, and
data on antibiotic consumption in urological departments.
According to the results of the GPIU study between 2003
and 2010, the most frequently occurring bacteria in North-
ern Europe (the region Hungary is part of) were Escherichia
coli (36 %) and Enterococcus species (14 %) [11]. In Jahn
Ferenc South Pest Teaching Hospital, Department of Urol-
ogy, about half of the cultured bacteria were Escherichia coli.
This percentage is higher than in Northern European coun-
tries as a whole and is closer to the Escherichia coli rate
found in Southern European countries (55 %), and shows a
slight decrease over the years. We found Enterococcus faeca-
lis to be the second most frequently occurring species, and
the prevalence has significantly increased during the years
to 28 %. This increasing trend may be explained by the
more widespread use of urinary foreign bodies and
endourological practices, and should be considered when
selecting antibiotics for empirical treatment.

International data on resistance rates concerning hospital-
ized urological patients are controversial. In the 2003-2010
GPIU study, no obvious increase in resistance for most
antimicrobials was observed. However, Jahn Ferenc South
Pest Teaching Hospital, Department of Urologyshowed a
significant increasing trend in the resistance to some
antimicrobials.

Resistance of Escherichia coli to ciprofloxacin increased sig-
nificantly from 19 to 25 %. Although these rates are lower
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than the rates found in the GPIU study, they are still consid-
ered too high for empirical treatment. Resistance of K. pneu-
moniae to ciprofloxacin was also high, ranging between 26
and 50 %, in accordance with the international data. Resis-
tance of Enterococcus faecalis against ciprofloxacin and levo-
floxacin was higher than 50 and 40 %, respectively, while
regarding Pseudomonas aeruginosa resistance against cipro-
floxacin reached a mean of 22 %. Based on these data, the
use of fluoroquinolones cannot be recommended for empir-
ical treatment of UTIs in our region.

For all cephalosporins, resistance in Escherichia coli
remained under 20 %. This may be attributed to a change in
our antimicrobial policy, which aimed to reduce the usage
of cephalosporins and fluoroquinolones. Despite that, a sig-
nificant increase of resistance was observed in the case of
Escherichia coli against ceftriaxone (P<0.0001), ceftazidime
(P=0.015) and cefepime (P<0.0001), up to 8%. However,
these three resistance rates above are still below the 10 %
limit for empirical treatment. Resistance rates of K. pneumo-
niae against cephalosporins were very high, reaching 60 %.
Resistance to cefepime, a fourth-generation cephalosporin,
reached 40 % in 2012. These data are in accordance with the
international trends. These high resistance rates for K. pneu-
moniae can be explained by the high percentage of MDR
ESBL-positive K. pneumoniae strains in the last few years.
Therefore, cephalosporins can be a good empirical choice
for treating Gram-negative UTIs, but should be avoided in
settings where MDR bacteria are suspected. Since Enterococ-
cus faecalis is considered to be resistant to cephalosporins,
relatively high rates of Enterococcus faecalis need to be taken
into account in the case of empirical treatment, especially if
a foreign body is placed or found in the urinary tract. It is a
surprising fact that Proteus mirabilis was 100 % susceptible
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Table 6. Resistance rates against sulfamethoxazole/trimethoprim, nitrofurantoin, polymyxin B and fosfomycin

The table shows the resistance rates against sulfamethoxazole/trimethoprim, nitrofurantoin, polymyxin B and fosfomycin between 2004 and 2015.

(a) Sulfamethoxazole/trimethoprim resistance Nitrofurantoin resistance
Year Escherichia Enterococcus Klebsiella Proteus Escherichia Enterococcus Klebsiella Proteus
coli Jaecalis pneumoniae mirabilis coli faecalis pneumoniae mirabilis

% (n/N) % (n/N) % (n/N) % (n/N) % (n/N) % (n/N) % (n/N) % (n/N)
2004 19 (24/128) 13 (5/38) 13 (3/23) 20 (2/10) 2 (3/129) 0 (0/38) ND ND
2005 19 (27/140) 24 (10/42) 15 (4/26) 38 (3/8) 1 (1/140) 5 (2/42) ND ND
2006 24  (28/115) 29 (10/35) 8 (1/13) 27 (3/11) 2 (2/115) 0 (0/35) ND ND
2007 29  (24/82) 32 (14/44) 4 (1/28) 29 (4/14) 2 (2/82) 2 (1/44) ND ND
2008 26 (41/156) 33 (22/66) 21 (7/33) 50 (2/4) 1 (1/153) 0 (0/66) 18 (6/33) 100 (4/4)
2009 28  (33/116) 23 (11/47) 6 (1/16) 33 (4/12) 2 (116) 2 (1/45) 47 (9/19) 100 (13/13)
2010 30 (31/105) ND 16 (3/19) 33 (4/12) 1 (1/106) 0 (0/46) 71 (15/21) 100 (12/12)
2011 31 (32/102) ~D 22 (6/27) 57 (4/7) 0 (0/55) 0 (0/18) 31 (4/13) 100 (4/4)
2012 23 (23/102) ~D 63 (19/30) 63 (10/16) 0 (0/65) 0 (0/46) 90 (18/20) 100 (9/9)
2013 19 (18/95)  ND 28 (9/32) 29 (4/14) 1 (1/100) © (0/81) 91 (31/34) 100 (15/15)
2014 25  (33/131) ND 14 (6/42) 33 (7/21) 0 (0/128) © (0/89) 100 (41/41) 100 (20/20)
2015 19 (22/118) ND 36 (8/22) 50  (8/16) 0 (0/121) 0 (0/70) 100 (21/21) 100 (20/20)
(b) Polymyxin B resistance Fosfomycin resistance
Year Escherichia Klebsiella Pseudomonas Proteus Escherichia Klebsiella Proteus

coli pneumoniae aeruginosa mirabilis coli pneumoniae mirabilis

% (n/N) % (n/N) % (n/N) % (n/N) % (n/N) % (n/N) % (n/N)
2010 0  (0/107) O (0/21) 0 (0/16) 100 (12/12) (0/102) 15 (320) 9 (1/11)
2011 0  (0/108) 0O (0/27) 0 (0/13) 100 (8/8) 0 (0/90) 4 (1/23) 14 1/7)
2012 0 (0/75) 0 (0/18) 0 (0/12) 100 (11/11) 5 (1/20) 0 (0/7) 0 (0/4)
2013 0 (0/103) 0O (0/34) 0 (0/20) 100 (15/15) ND ND ND
2014 0 (0/131) 0 (0/41) 0 (0/45) 100 (21/21) ND ND ND
2015 0 (0/122) 0O (0/22) 0 (0/16) 95 (19/20) ND ND ND

ND, Not determined.

to ceftriaxone and ceftazidime over a period of 12 years,
which can be explained by the low number of Proteus mira-
bilis-positive cultures (mean 13 samples per year).

Although most pathogens showed none to minimal resistance
against carbapenems, the highly significant increase in the
case of Pseudomonas aeruginosa (from 6 % to 27 % for imipe-
nem, P=0.026) is alarming. The GPIU study and other inter-
national studies also found the worldwide spread of
carbapenem-resistant bacteria in urological departments a
considerable problem [12].

Resistance against sulfamethoxazole/trimethoprim, fosfo-
mycin and nitrofurantoin was acceptable in the case of the
most frequent bacteria (except for MDR K. pneumoniae)
despite the fact that these antibiotics were used more fre-
quently in the last few years to reduce the usage of fluoro-
quinolones and cephalosporins, at least in the less severe,
uncomplicated cases. Therefore, they may still be effectively
used to replace fluoroquinolones in non-empirical therapy
of uncomplicated lower UTIs.
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The use of gentamicin is generally less frequent in Jahn Fer-
enc South Pest Teaching Hospital, Department of Urology,
due to its toxicity. Resistance was, therefore, acceptably low,
except in K. pneumoniae where we found significantly
increasing rates.

We observed a significant increase in the rate of MDR
species from 8 to 14 %, (P=0.008). This is in line with the
international trends. Since 2010, 24-33 % of cultured K.
pneumoniae strains were ESBL positive. In 2012, the rate
was even higher, reaching 60 %. The rate of ESBL-resistant
Escherichia coli varied between 6 to 9% in the last 6 years,
but in 2011 it reached 15 %. The increase of MDR bacteria,
especially the increasing antimicrobial resistance of K. pneu-
moniae, with the concurrent lack of novel antimicrobial
agent development is alarming. The GPIU study found that
9% of the patients hospitalized in urological clinics devel-
oped nosocomial UTIs, due mostly to MDR uropathogens.
Therefore, in the case of a nosocomial UTI, empiric
antibiotic treatment should be aimed against these MDR
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Table 7. MDR species

The table shows the rate of MDR MRSA, VRE, multiresistant A. baumannii (MRAB) and Gram-negatives, and the rate of ESBL-positive species between

2010 and 2015.

(a) MDR species
Year MRSA VRE MRAB Gram-negatives* All
% (n/N) % (n/N) % (n/N) % (n/N) % (n/N)
2013 31 (4/13) 0 (0/85) 100 (1/1) 10 (18/180) 8 (23/279)
2014 40 (2/5) 0 (0/91) 25 (1/4) 9 (23/248) 7 (26/348)
2015 80 (8/10) 0 (0/82) 100 (2/2) 15 (32/211) 14 (42/305)
(b) ESBL-producing species
Year Escherichia coli Klebsiella pneumoniae
% (n/N) % (n/N)
2010 6 (7/110) 27 (6/22)
2011 15 (16/108) 24 (7/29)
2012 6 (6/103) 60 (18/30)
2013 6 (6/105) 32 (11/34)
2014 9 (12/131) 24 (10/42)
2015 9 (12/129) 33 (10/30)
*Including ESBL-producing species.
pathogens (e.g. carbapenems or B-lactams with anti- Conclusion

Pseudomonas activity). When choosing antibiotics for UTIs,
we also have to consider that many of these antibiotic
groups, like fluoroquinolones or cephalosporins, are associ-
ated with the increasing incidence of Clostridium difficile
infections [13].

Limitations

Our study had the following limitations. Until 2010, we had
limited data transferred from the microbiology laboratory
due to the absence of an electronic database. Since 2010, the
incorporation of a computer system gave us the opportunity
to analyse more data. As the presented data is based on the
analysis of microbiological samples without clinical back-
ground information, the rate of asymptomatic bacteriuria or
symptomatic UTI could not be calculated, which could
introduce biases. Our analysis contained urine samples
taken from catheterized patients, which might introduce
bias to the interpretation of the results. In some cases, the
culture was taken after several days of hospital exposure,
reflecting a possible change in the collected bacteria toward
hospital-acquired flora. Some antibiotics were not routinely
tested by the microbiology laboratory; therefore, they were
not included in our analysis. Available data for multi-drug
resistance was based on criteria for the official Hungarian
national nosocomial infection surveillance, which does not
always match the international criteria. The statistical signif-
icance of changes in some cases, due to low numbers of bac-
teria, could not be measured correctly. Since K. pneumoniae
is naturally resistant to ampicillin, the reported resistance
rate of 88 % in 2005 (Table 2) is considered to be incorrect.
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Since the local pathogen profile and antimicrobial suscepti-
bility may vary geographically and temporally, knowledge
of the local bacterial spectrum and susceptibility patterns is
mandatory for the correct empiric treatment of UTIs. The
surveillance of antimicrobial use is necessary for establish-
ing an appropriate infection control program and antibiotic
policy. We recommend decreasing unnecessary usage of
fluoroquinolones and cephalosporins in our region, and
recommend instead the prescription of antimicrobials with
low potencies for collateral damage, especially in less
severe cases.
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OSSZEFOGLALAS

Bevezetés: A higyuti fertézések empirikus kezelése
soran elengedhetetlen a helyi rezisztenciaviszonyok és az
eléforduld baktériumok spektrumanak ismerete, hiszen
ezek foldrajzilag és idében is jelentés valtozatossagot
mutathatnak. Célunk az osztalyunkon vett vizeletmintak-
bol nyert korokozdk el6forduldsanak és a leggyakoribb
kdrokozok antibiotikum-rezisztencidjanak évente torténd
felmérése.

Anyag és modszerek: Osztalyunkon minden kozép-
sugaras és katéteres vizeletmintabol kitenyészett kdrokozot
és azok antibiotikum-rezisztencigjat rogzitettlk 2004 és
2017 kozott. A bakteridlis spektrum és rezisztenciavaltoza-
sok statisztikai analizise soran a Cochran—Armitage-tesztet
alkalmaztuk (p<0,05).

Eredmények: Osszesen 3513 vizeletmintaban igazol6-
dott szignifikdns mennyiség( korokozo. A leggyakoribb két
korokoz6 az Escherichia coli és az Enterococcus faecalis vol-
tak. Az E. coli ciprofloxacin rezisztencidja szignifikansan nétt
a vizsgalati id6szakban, elérte a 25%-ot, mig cefalospori-
nokkal szemben az E. colirezisztenciaja 20% alatt maradt.
Kovetkeztetések: Sulyos hlgydti fertézések empiri-
kus kezelésére a fluorokinolonok alkalmazasa nem java-
solt régionkban. A cefalosporinok Gram-negativ fert6zések
esetén empirikusan biztonsaggal alkalmazhatdk, viszont
kerllend6k multirezisztens kérokozok gyanuja esetén.
Minden osztaly szamara javasoljuk a kérokozdk spektru-
manak, illetve érzékenységének évenként torténd feltérké-
pezéseét.

KULCSSZAVAK
ANTIBIOTIKUM, REZISZTENCIA, UROPATOGENEK, BAKTERIALIS SPEKTRUM

Changes In The Bacteial Spectrum And
Antibiotic Resistance Pattern Of Uro-
pathogens At Our Department Between
2004 And 2017

Objective: Since bacterial antibiotic resistance rates may
vary with significant differences between countries and regi-
ons, as well as change over time, yearly surveillance of the
bacterial spectrum and antibiotic-resistance patterns of locally
occurring uropathogens is essential to serve as a basis for em-
pirical treatment of urinary tract infections (UTIs). The objective
of our study was to investigate the changes in the bacterial
spectrum and the antibiotic resistance rates of uropathogens
cultured from urine samples collected at our department.
Material and methods: All urine samples taken at our
department, from 2004 to 2017 were retrospectively analyzed.
The significance rates of the annual changes were calculated
using Cochran-Armitage test (p<0.05).

Results: A total of 3513 urine cultures showed significant presen-
ce of pathogens. Escherichia coliand Enterococcus faecalis were the
most frequently isolated bacteria. Resistance of £ colito diprofloxa-
an has increased significantly, reaching a rate of 25%, while in the
case of cephalosporines, resistance of £ coliremained under 20%.
Conclusion: For empirical treatment fluoroquinolones can
be no longer recommended in our region. Gram-negative UTIs
can be safely treated with cephalosporines, however, they
should be avoided if multi-drug resistant bacteria are suspe-
cted. Surveillance and monitoring of the bacterial resistance
patterns is recommended for all institutions.

ANTIBIOTICS, RESISTANCE, UROPATHOGENS, BACTERIAL SPECTRUM



MAGYAR ES MTSAI

Bevezetés

Az antibiotikumok széles kor( alkalmazasa a baktériumok re-
zisztencidjanak fokozatos névekedéséhez vezet. Ahhoz, hogy
ezt a folyamatot elkerllhessUk, illetve lelassitsuk, ezaltal javit-
va az antibiotikum-kezelések eredményességét, tsszehangolt
nemzetkdzi stratégiak kidolgozasa és széles korl alkalmazasa
szlkséges (+-3).

Egy adott korképért felels baktériumok aranya és rezisztenci-
dja id6ben véltozhat és foldrajzilag is jelentés eltérést mutathat,
mivel a helyi antibiotikum-kezelési stratégidk jelentésen befo-
lyasoljak a baktériumok antibiotikum-rezisztencigjanak alaku-
lasat az adott régidban. Ezért alapvetéen fontos a helyi rezisz-
tenciaviszonyok idészakos felmérése az urolégiai gyakorlatban,
mivel ezek ismeretén alapul a higyti fert6zések eredményes
empirikus kezelése és a sebészeti antibiotikum-profilaxis meg-
tervezése (4, 5). Retrospektiv vizsgélatunknak az volt a célja,
hogy felmérjik a Jahn Ferenc Dél-pesti Kérhédz és Rendel6inté-
zet Urolégiai osztalyan vett vizeletmintakbdl kitenyészett kor-
okozdk eléfordulasat és antibiotikum-rezisztencijat, tovabba
megvizsgaljuk azok idébeli valtozasat. A régebbi, 2004-2015
kozotti eredményeinket el6zéleg angol nyelven kozoltik (6).
Célunk a legfrissebb, 2016—-2017-ben felmért adatok kozzété-
tele, tovabba a korabbi adataink bemutatasa a magyar kézon-
Ség részére.

Anyag és modszerek

A Jahn Ferenc Kérhadz és Rendel6intézet Uroldgiai Osztalyan
minden osztalyon levett vizelettenyésztés-eredményt rogzitet-
tUk a 2004 és 2017 kozotti idészakban. Ide tartoztak a kdzép-
sugaras, katéteres és punkcié soran vett vizeletmintak vizsga-
latainak eredményei egyarant. A mintakat hugyuti fertézések
miatt, illetve a mitéti elokészités részeként adtak le a betegek.
A bakteridlis spektrum- és rezisztenciavaltozasait a Cochran—
Armitage-teszt segitségével vizsgaltuk (szignifikancia kiszob:
p<0,05). Az adatok kielemzése soran a kdvetkezd moddszere-
ket és egyszer(isitéseket alkalmaztuk:

1. a rezisztenciaaranyok antibiotikumonként kertitek fel-
tintetésre,

2. aleggyakoribb 5 baktérium antibiotikum-rezisztenciajat
és id6beli valtozasat vizsgaltuk, amelyek a mintak tébb
mint 5%-aban jelen voltak;

3. azokban az években, ahol kevés esetszamot észleltiink,
az ebbdl adddo kiugrasokat a legkozelebbi éves adatok
atlaganak kiszamitasaval kliszoboltik ki,

4. a 2010-ig gy(ijtott adatok korlatozott mennyiségben
voltak elérhet6ek a szamitdgépes rendszer akkori hia-
nya miatt;

5. az adatok hidnyossagat a tablazatok celldiban N.M.
(nincs meghatarozva) jelzéssel lattuk el, amelybe a mik-
robioldgus dontése alapjan nem vizsgalt esetek is bele-
tartoznak.

A 2010-ben bevezetett szamitdgépes rendszer az adatok sok-
kal részletesebb, pontosabb elemzését tette lehetévé.
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Tenyésztéses modszerek

A vizeletmintak bodrsavas tartalyokban kerlltek atszallitasra a
mikrobiolégiai laboratériumba.

A baktériumokat 0,01 ml-es kaccsal oltottak BD Brilliance UTI
agar taptalajra. Az inkubacid 37 °C-on tortént, 16-18 éran ke-
resztll, hagyomanyos termosztatban. Ezt kdvetden a bakté-
riumkolénidk Oxoid-Columbia blood, illetve MacConkey agar
taptalajra (Oxoid) keriitek leoltdsra. A baktériumok azonosi-
tasahoz BD Phoenix automatizalt rendszert (BD Biosciences),
vagy ENTEROtest 16 kit-et alkalmaztak (Lachema). A vizelette-
nyésztés modszertana érdemben nem valtozott az évek soran.
2011-ig a baktériumok antibiotikum-érzékenységét BD Phoenix
automatizalt rendszer, vagy Mueller—Hinton-agar segitvégével
vizsgaltak a Clinical and Laboratory Standards Institute (CLSI)
iranyelvek tukrében (7). 2011-t6l az European Committee on
Antimicrobial Susceptibility Testing (EUCAST) standardoknak
megfeleléen végezték a vizsgalatokat (8). A MIC-értékek meg-
allapitasat BD Phoenix automatizalt rendszer, vagy Liofilchem
MIC-csikok segitségével végezték. Az inkubalast kdvetden az
izoldtumokat az EUCAST MIC-hatarérték tablazatoknak meg-
feleléen a kdvetkezé kategéridkba soroltak: érzékeny, mérsé-
kelten érzékeny, rezisztens (8).

Eredmények

Bakterialis spektrum

A vizsgalt 14 éves id6szakban 6sszesen 3513 vizeletmintaban
igazolédott szignifikans mennyiségUi korokozé. A kitenyészett
baktériumok spektrumanak idébeli valtozasa az 7. abran lat-
haté. A bakteridlis spektrumban az évek soran érdemi valto-
zas nem tortént. A vizsgalati id6szakban a leggyakoribb kor-
okozénak az Escherichia coli bizonyult, az esetek 48%-4ban
tenyészett ki. A legmagasabb értéket 2008-ban érte el, ekkor
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az esetek 56%-aban fordult el, mig a legalacsonyabb érték
2016-ban volt mérhetd: 39%. Az Enterococcus faecalis gya-
korisaga szignifikdnsan novekedett a vizsgalati id6szakban: a
2004-ben észlelt 15%-rol 2017-re 26%-ra néitt (p<0,0001). A
Klebsiella pneumoniae atlagosan 11% korili eléfordulasa ér-
demben nem valtozott az évek soran (p=0,797). A Pseudomo-
nas aeruginosa aranya enyhén emelkedett (p=0,044), mig a
Proteus mirabilis aranya nem valtozott (p=0,382), de mindkett&
eléfordulasi aranya tébbnyire 10% alatt maradt.

Rezisztenciaviszonyok

A baktériumok antibiotikum-rezisztencia aranyainak osszesité-
se az 1-6. tablazatokban lathato.

Fluorokinolonok (1. tablazat)
Tizennégy év alatt az E. coli ciprofloxacin rezisztencidja szig-
nifikdnsan, 19%-rdl 25%-ra nétt (p=0,039). A K. pneumoniae
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ciprofloxacin és norfloxacin rezisztencidja 26% és 59% kozott
ingadozott. Az E. faecalis esetén a ciprofloxacin-rezisztencia
végig magasabb volt, mint 47%, mig a levofloxacin-reziszten-
cia 30-42% kozotti értékeket mutatott. A P aeruginosa re-
zisztencidja ciprofloxacinnal és levofloxacinnal szemben csok-
kend tendenciat mutatott, ami azonban nem volt szignifikans:
ciprofloxacin vonatkozasaban 38%-rol 15%-ra (p=0,086), mig
levofloxacin esetében 38%-rdl 19%-ra csokkent (p=0,09). A P
mirabilis ciprofloxacin rezisztenciaja 10% és 44 % kozott inga-
dozott a vizsgalati id6szakban.

Penicillinszarmazékok (2. tablazat)

Az E. coli esetében az ampicillinrezisztencia érdemben nem
valtozott: 2004-ben 57%-ot, 2017-ben 54%-ot mutatott. Az
E. faecalis ampicillin rezisztencigja sem nétt, 0% és 2% ko-
zOtt mozgott. A K. pneumoniae rezisztencidja szintén valto-
zatlan, 100% maradt. A P mirabilis esetében ugyanakkor az
ampicilinrezisztencia 2015-ig szignifikansan emelkedett 20%-

1. TABLAZAT: REZISZTENCIA FLUOROKINOLONOKKAL SZEMBEN: A LEGGYAKORIBB KOROKOZOK CIPROFLOXACIN, LEVOFLOXA-

CIN ES NORFLOXACIN REzZISZTENCIAIA 2004 s 2017 k6zoTT

Ciprofloxacin rezisztencia Levofloxacin rezisztencia

Ev E. coli E. faccalis < Pneumo-  Raerug- o o bilis E. coli E. faccalis - 2€rug-
niae nosa nosa

%  (n/N) %  (n/N) % (n/N) % (n/N) % (n/N) % (n/N) % (n/N) % (n/N)

2004 19 (25/130) 100 (38/38) N.M. 38 (5/13) N.M. 0 (0/22) N.M. 38 (5/13)
2005 18 (25/140) 100 (42/42) N.M. 27  (3/1) N.M. 0 (0/12) N.M. 40 (4/10)
2006 22 (25/115) 97 (34/35) N.M. 36 (4/11) N.M. 14 (1/7) N.M. 40 (4/10)
2007 27 (22/83) 100 (44/44) N.M. 33 (4/12) N.M. 12 (2/17) N.M. 33 (4/12)

2008 15 (24/156) 52 (34/66) 34 (11/32) 14 (1/7) 50 (2/4) 12 2/17) N.M. 17  (1/6)

2009 24 (28/116) 96 (45/47) 30 (6/20) 22 (2/9) 38 (5/13) 9 (1/11) N.M. 25 (2/8)
2010 22 (24/107) 47 (22/47) 29 (6/21) 19 (3/16) 33 (4/12) O (0/13) N.M. 13 (2/15)
2011 32 (34/108) 56 (31/55) 26 (7/27) 15 (2/13) 13 (1/8) 0 (0/15) N.M. 15 (2/13)
2012 24 (25/103) 50 (9/18) 59 (17/29) 16 (3/19) 44 (7/16) O (0/25) N.M. 38 (6/16)
2013 22 (23/103) N.M. 32 (117/34) 5 (1/20) 13 (2/15) N.M. N.M. 5 (1/20)
2014 25 (33/131) N.M. 29 (12/42) 22 (10/45) 19 (4/21) N.M. 41 (24/59) 22 (10/45)
2015 25 (31/122) N.M. 50 (1122) 13 (2/16) 10 (2/20) N.M. 40 (26/65) 19 (3/16)
2016 24 (31/131) N.M. 49 (24/49) 26 (10/38) 24 (4/17) N.M. 42 (42/100) 28 (10/35)
2017 25 (33/131) N.M. 51 (19/37) 15 (4/27) 21 (4/19) N.M. 30 (22/73) 19 (5/27)

Norfloxacin rezisztencia

K. pneumo-

Ev E. coli : P mirabilis
niae

%  (n/N) % (n/N) % (n/N)

2008 14 (22/153) 36 (12/33) 50 (2/4)
2009 18 (21/116) 35 (7/20) 46 (6/13)
2010 22 (24/107) 29 (6/21) 33  (4/12)
2011 32 (34/106) 26 (7/27) 13 (1/8)
2012 25 (25/102) 57 (17/30) 44 (7/16)
2013 23 (23/102) 32 (11/34) 13 (2/15)
2014 25 (32/128) 29 (12/42) 20 (4/20)
2015 25 (31/122) 48 (10/21) 10 (2/20)
2016 24 (31/131) 50 (24/48) 24 (4/17)
2017 25 (33/132) 51 (19/37) 21 (4/19)

N.M. = nincs meghatarozva

rél 40%-ra (p=0,007), majd az ezt kdvetd években csdkkend
tendencidt mutatott. Az £. coli amoxicillin/clavulansav rezisz-
tencidja 6% és 35% kozott ingadozott. A K. pneumoniae
esetén pedig szignifikansan nétt 17%-rél 62%-ra (p<0,0001).
Amoxicillin/davulansavval szemben a P. mirabilis rezisztencidja
az évek dontd tobbségében 10% alatti értékeket mutatott.

Karbapenemek (3. tablazat)

Imipenem, meropenem és ertapenem vonatkozasaban nem
észleltlink szamottevé mennyiségli rezisztens E. coli, K. pneu-
moniae, E. faecalis és P mirabilis torzset a vizsgalati id6szak-
ban. A P aeruginosa ugyanakkor jelent6s rezisztencianéve-
kedést mutatott imipenemmel szemben, mig 2010-ben 6%,
2017-ben mér 19%-os értéket mértiink (p=0,004).
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Cefalosporinok (4. tablazat)

E. coli esetében a cefuroximrezisztencia enyhén, nem szignifi-
kans mértékben emelkedett 8%-rél 14%-ra (p=0,741). A K.
pneumoniae cefuroxim rezisztenciaja 24 % és 60% kozott val-
takozott, mig P mirabilis esetén 8%-nal magasabb érték nem
volt tapasztalhatd. A cefixim vonatkozasaban az E. coli rezisz-
tencidja nem haladta meg a 14%-ot, mig P mirabilis esetében
csak 2017-ben taldlkoztunk rezisztens torzsekkel, az esetek
16%-aban. K. pneumoniae esetén statisztikailag nem szig-
nifikans rezisztencianévekedés volt tapasztalhatd cefiximmel
szemben: 2010-ben 29%-o0s, mig 2017-ben 51%-0s aranyt
mértink (p=0,075). Ceftriaxonnal szemben az E. coli rezisz-
tencidja szignifikans emelkedést mutatott. Mig 2004-ben 1%
volt, 2017-ig ez az arany 12%-ig emelkedett (p <0,0007). K.
pneumoniae esetében a ceftriaxon rezisztencia 24% (és 57%
kozott ingadozott a vizsgalati idészak masodik felében, mig P
mirabilis esetében ceftriaxon rezisztenciat nem észleltink. A P
aeruginosa ceftazidim rezisztencidja 0% (0/20) és 16% (3/19)
kozott ingadozott. Az E. coli cefepim rezisztencidja szignifikans
ndvekedést mutatott (p<0,0001). Mig 2004-ben 1%-os, 2012-
ben mar 8%-os értékeket szamoltunk. Cefepimmel szemben
a K. pneumoniae rezisztencidja 2012-ben elérte a 40%-ot. A
P aeruginosa és P mirabilis esetén észlelt rezisztenciaaranyok
cefepimmel szemben csdkkend tendenciat mutattak. Mig P
aeruginosa esetében 15%-rél 4%-ra (p=0,45), P mirabilis vo-
natkozasaban 10%-rél 0%-ra csokkent (p=0,331), bar ezek az
valtozasok nem voltak statisztikailag szignifikansak.

Aminoglikozidok (5. tablazat)
A gentamicin-rezisztencia E. coli tOrzsek esetén 7% alatt
maradt, mikdzben E. faecalis vonatkozasaban szignifikansan
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csokkent 100%-rol 48%-ra (p<0,0007). P aeruginosa esetén
31%-r6| 7%-ra, mig P mirabilis esetén 30%-rél 12%-ra csdk-
kent (p=0,013 és p=0,002). Csupan a K. pneumoniae genta-
micin rezisztencidja mutatott szignifikans, 0%-rol 32%-ra torté-
né emelkedést (p<0,0007).

Az E. coli amikacin rezisztencidja szignifikdnsan csokkent (p=0,003):
mig 2004-ben az arany 4% volt, 201ben 0%-o0s értéket sza-
moltunk. Az ezt kdvetd években mértékét rutinszerlien mar nem
vizsgaltuk. A P aeruginosa rezisztencidja amikacinnal szemben az
utébbi években nem haladta meg a 6%-ot. K. pneumoniae és
Pmirabilis esetén sem észleltiink jelentés amikacin-rezisztenciat.

Trimetoprim/szulfametoxazol (6. a tablazat)

Az E. coli esetén szamitott trimetoprim/szulfametoxazol
rezisztencia 19% (2015-ben) és 32% kozdtt ingadozott. K.
pneumoniae vonatkozasaban aranya szignifikdnsan, a 2004-
ben észlelt 13%-rél 2017-ben mért 44%-ra nott (p<0,0007).
Legmagasabb értékét 2012-ben érte el, ekkor 63%-0s rezisz-
tenciaaranyt mutatott. P mirabilis esetén a rezisztencia 20%
és 63% kdzott mozgott.

Nitrofurantoin (6. a tablazat)
Az E. coli nitrofurantoin rezisztencigja 6sszességben nem ha-
ladta meg a 2%-ot, ezzel szemben a K. pneumoniae és P mi-
rabilis esetében elérte a 100%-ot.

Foszfomicin (6. b tablazat)

A foszfomicinnel szemben kialakuld rezisztenciat 2010 és 2012
kozodtt vizsgaltuk. E. coli esetében 0-5%, K. pneumoniae vo-
natkozasaban 0-15%, P mirabilis esetén pedig 0-14%-0s ér-
tékeket kaptunk.

2. TABLAZAT: REZISZTENCIA PENICILLIN SZARMAZEKOKKAL SZEMBEN: A LEGGYAKORIBB KOROKOZOK AMPICILLIN ES AMOXI-

CILLIN/KLAVULANSAV REZISZTENCIAJA 2004 Es 2017 k6zoTT

Ampicillin rezisztencia

Amoxicillin/klavulansav rezisztencia

Ev E. coli E. faecalis < PNEUMO- b oiabilis E. coli K.pneumo- 5 i abilis
niae niae

% (n/N) % (n/N) % (n/N) % (n/N) | % (n/N) % (n/N) % (n/N)
2004 57 (74/130) O (0/38) 100 (23/23) 20 (2/10) | 23 (30/130) 17 (4/23) 10 (1710)
2005 40 (56/140) O (0/42) 88 (23/26) 25 (2/8) 14 (20/140) 19 (5/26) (0/8)
2006 53 (61/115) 0O (0/35) 100 (13/13) 18  (2/11) | 28 (32/115) 23 (3/13) (1/17)
2007 48 (40/83) 2 (1744) 100 (28/28) 21 (3/14)| 18 (15/83) 14 (4/28) (1714)
2008 49 (76/156) 0O (0/66) 100 (33/33) 50 (2/4) 6 (10/156) 6 (2/33) 25 (174)
2009 52 (60/116) O (0/47) 100 (20/20) 23 (3/13)| 19 (22/116) 15 (3/20) (1713)
2010 67 (72/107) O (0/47) 100 (21/27) 33 @12 | 17 (18/107) 33 (7/21) (0/12)
2011 57 (61107) 2 (¥/55) 100 (27/27) 38 (3/8) 23 (25/107) 26 (7/27) 13 (1/8)
2012 52 (53/103) O (0/71) 100 (29/29) 44 (7/16) | 15 (15/103) 57  (17/30) 0 (0/16)
2013 45 (46/103) 1 (1/82) 100 (34/34) 53 (8/15)| 14 (14/103) 47 (16/34) 7 (1715)
2014 60 (78/131) 0O (0/90) 100 (42/42) 52 (11/21)| 35 (46/131) 38  (16/42) 19 (4/21)
2015 54 (66/122) 0O (0/70) 100 (22/22) 40 (8/20)| 28 (34/122) 59 (13/22) 5 (1/20)
2016 54 (71/132) 2 (2/105) 100 (49/49) 35 (6/17)| 18 (24/132) 53  (26/49) 6 (1/17)
2017 54 (72/133) 0O (0/79) 100 (37/37) 32 (6/19)| 26 (35/133) 62 (23/37) 1 (2/19)
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3. TABLAZAT: REZISZTENCIA KARBAPENEMEKKEL SZEMBEN: A LEGGYAKORIBB KOROKOZOK IMIPENEM, MEROPENEM ES

ERTAPENEM REZISZTENCIAJA 2008 Es 2017 k6z6T1T

Imipenem rezisztencia

Ev E. coli E. faecalis < p:izl;mo- P aeruginosa P mirabilis
%  (n/N) %  (n/N) % (n/N) % (n/N) % (n/N)
2008 0 (0/156) N.M. 0 (0/33) (0/7) 25 (174)
2009 0 (0/116) N.M. 0 (0/20) (0/9) 15 (2/13)
2010 0 (0/107) N.M. 0 (0/27) (1716) 0 (0/12)
2011 0 (0/108) N.M. 0 (0/27) 15 (2/13) 0 (0/8)
2012 0 (0/107) 0 (0/14) 0 (0/30) 5 (1719) 0 (0/16)
2013 0 (0/103) 0 (0/9) 0 (0/32) 5 (1/20) 0 (0/15)
2014 0 (0/137) 0 (0/10) 0 (0/42) 16 (7/45) 0 (0/27)
2015 0 (0/122) 0 (0/49) 0 (0/22) 27 (4/15) 0 (0/19)
2016 0 (0/132) 1 (1/105) 0 (0/49) 26 (10/38) 0 (0/2)
2017 0 (0/132) 0 (0/78) 0 (0/36) 19 (5/27) N.M.
Ev E. coli K. pneumo- aeruginosa P mirabilis E. coli K.pneumo- o - irabilis
niae niae
%  (n/N) % (n/N) % (n/N) % (n/N) % (n/N) % (n/N) %  (n/N)
2010 0 (0/85) 0 (0/16) 0 (0/16) 0 (0/12) 0 (0/107) 0 (0/27) 0 (0/12)
2011 0 (0/108) 0 (0/22) 15 (2/13) 0 (0/8) 0 (0/108) 0 (0/27) 0 (0/8)
2012 0 (0/75) 0 (0/20) (1719) 0 (0/11) 0 (0/103) 0 (0/30) 0 (0/16)
2013 0 (0/99) 0 (0/31) 0 (0/20) 0 (0/15) 0 (0/103) 0 (0/34) 0 (0/15)
2014 0 (0/137) 0 (0/41) 16 (7/45) 0 (0/21) 0 (0/131) 0 (0/42) 0 (0/21)
2015 0 (0/121) 0 (0/22) 19 (3/16) 0 (0/19) 0 (0/122) 0 (0/22) 0 (0/20)
2016 0 (0/129) 0 (0/49) 18 (7/38) 0 (0/17) 0 (0/132) 0 (0/49) 0 (0/17)
2017 0 (0/132) 0 (0/36) 15 (4/27) 0 (0/19) 0 (0/133) 0 (0/37) 0 (0/19)

N.M. = nincs meghatarozva

Polimixin B (6. b tablazat)

E. coli, K. pneumoniae és P mirabilis esetében a vizsgalati id6-
szakban egyaltalan nem észleltiink rezisztenciat Polimixin B-vel
szemben, viszont a P mirabilis gyakorlatilag 100%-0s rezisz-
tenciat mutatott.

Az E. faecalis rezisztencidja vancomycinnel szemben a vizsga-
lati id&szakban végig 0% volt.

A P aeruginosa kolisztin rezisztencidja 0% és 8% kozott, tob-
ramycin rezisztenciaja pedig 0% és 16% kozott valtozott, mig
piperacillin/tazobactam rezisztencidja 2017-ben elérte a 12%-ot.

Megbeszélés

A hospitalizalt betegek hugyuti fertézéseinek megfelelt keze-
léséhez a helyileg el6forduld hugyuti kdrokozok spektrumanak
és antibiotikum-rezisztencigjanak ismerete szikséges, ezért
rendkivil fontos ezen adatok évrél évre torténd felmérése.
Ezen adatok ismerete segitségUl szolgalhat a megfelelé antibi-

otikum kivalasztasakor hugyuti fertézések empirikus kezelése,
illetve sebészeti mitéti profilaxis soran (9, 10).

A legnagyobb urolégiai nozokomidlis infekcidkat és bakterialis
antibiotikum rezisztenciaviszonyokat felméré nemzetkdzi pre-
valencia vizsgalat a Global Prevalence of Infections in Urology
(GPIU) study. Ennek soran minden évben vilagszerte felmérik
a rezisztenciaviszonyokat, a nozokomidlis hugyuti fert6zések
el6fordulasat, rizikéfaktorait és az antibiotikum-kezelési szoka-
sokat. A GPIU legutébbi 2003-2010-es adatainak 6sszegzése
szerint Eszak-Eurépaban, ahova Magyarorszagot is besoroltak,
a leggyakoribb kérokozd az Escherichia coli (36%) és az En-
terococcus species (14%) (11). A Jahn Ferenc Dél-pesti Korhaz
és Rendelintézet Uroldgiai Osztalyan az esetek kordlbeldl
felében E. coli tenyészett ki, amely arany magasabb, mint az
észak-eurdpai orszagokban és inkabb megkdzeliti a dél-eurd-
pai orszagokban észlelt 55%-0s értéket. Az E. coli aranya az
évek soran csokkend tendencidt mutat. A masodik leggyako-
ribb kérokozd osztalyunkon az Enterococcus faecalis (2017-
ben 26%). Aranyanak ndévekedése az endouroldgiai beavat-
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4. TABLAZAT: REZISZTENCIA CEPHALOSPORINOKKAL SZEMBEN: A LEGGYAKORIBB KOROKOZOK CEFAMANDOL, CE-
FUROXIME, CEFTRIAXONE, CEFIXIME, CEFTAZIDIME ES CEFEPIME REZISZTENCIAJA 2004 Es 2017 ko6zoOTT

Cefamandol rezisztencia

P mirabilis

%

O IS © = O & O = O

b Ecoli PR e
% (n/N) % (n/N) % (n/N)
2004 4 (5/130) 4 (¥V23) 0 (0/10)
2005 5 (77140) 8 (226) 13 (V8)
2006 16 (18/115) 0 (O/13) 18 2MN)
2007 4 (3/83) 4 (V28) 21 (3/14)
2008 0 (0/156) 3 (¥33) 0 (0/4)
2009 7 8/116) 5 (1200 8 (V13)
2010 7 (77107 0 (0/2) 0 (/12
Ceftriaxon rezisztencia Cefixim rezisztencia
Ev E. coli el e LI T e E. coli LS [EICT
moniae bilis moniae moniae
% (N % @WN % @WN]|% N % ©N % @N| % ©®N % (N)
2004 8 (9107 29 ®2) 8 (W21 (V129 0 (0/23 0 (0/10) N.M. N.M.
2005 18 (19/108) 30 (827) 0 (0/8) | O (0/140) 4  (1/26) 0 (0/8) N.M. N.M.
2006 8 (8/103) 60 (18/30) 6 (V) | 1 (V115 0O  (O/13) 9 (1) NM. N.M.
2007 7 (7103) 32 (1/34) 0 (/152 (283 0 (0/28) 0 (0/14) N.M. NM.
2008 10 (13130 24 (10/42 0 (©2)]0 (0/156) 0 (0/33) 0 (0/4) 0 01) NM.
2009 122 (15122 50 (1722 0 (0/2001 5 (6/115 0  (0/20) 0 (/13)| 4 (5/116) N.M.
2010 8 ©9/107) 29 (6/2) 8 (V19 (9106) 29 (6/27) 0 (/1R 8 (8/106) 29  (6/21)
2011 18 (19/108) 30 (8/27) O (0/8) | 16 (17/108) 26  (7/27) 0 (0/8) 14 (15106) 26  (7/27)
2012 8 (8/103) 60 (18/30) 6 (V)| 6 (6/103) 57 (17/300 0O  (0/16) 7 (2/25) 57 (17/30)
2013 7 (7103) 32 (1W34) 0 @117 (7103 32 (134 0 (0/15 7 (7101 32 (11/34)
204 10 (1313) 24 (10/42 0 (0209 (12/13) 24 (1042 0 (0/2) 9 (1128) 24 (10/42)
2015 12 (15122 50 (1722 0 (0/200] 8 (10/122) 46 (10/22 0 (0/200| 10 (12122 48 (10/20)
2016 10 (13/132) 43 (149 0 (0/17)| 8 (10/122) 43 (V49 0 (17| 10 (13131 44 (2148
20177 14 (18/132) 58 (136 0 (0/19] 12 (16/133) 51 (1937) 0 (/19| 12 (16/133) 51 (19/37)
Ev E. coli K.pneu- Paerug- o oniis| €. coli K.pneu- aeruginosa P mirabilis
moniae nosa moniae
% (n/N) % N % WN % @N | % (@WN %  (WN) % (W/N) % (WN)
2004 N.M. N.M. N.M. N.M. 1 (V129 0 (23 15 213) 10 (110)
2005 NM. N.M. N.M. N.M. 0 B9 0 (026 9 () 0 (0/8)
2006 NM. N.M. N.M. NM. 2 (214 0 (/13 9 () 9 (v
2007 N.M. N.M. N.M. N.M. 2 (283 0 (028 0 (0/12) 0 (0/14)
2008 0 (0/156) 0 (033 0 (@72 0 (04 0 (0/156) 0 (0/33) 0 (077) 0 (0/4)
2009 5 6/1%6) 15 (3200 1 (19 0 (@) | 7 @16 0 (020 N (19) 5 @B
2010 9 (9/106) 29 (6/2) 1B (%) 0 (/1) | 8 (8106 29 (6/21) 13 (2/16) 0 (/12
201 16 (177108 26 (7/27) 8 (V13) 0O (0/8) | 6 (17/108) 26  (7/27) 8 (113) 0 (0/8)
20122 6 (6/100) 59 (17/29) 16 (3/199 0 (0/16) | 8 (8/103) 40 (4/10) 12 217) 0 (0/16)
2013 7 (7103) 32 (1/34) 0 (0/200 O (0/15 NM. 33 (41D 0 (0/20) NM.
2014 9 (1129 22 (941 13 (®/45 0 (0/2) NM. 100 (1) 7 (3/45) N.M.
2015 8 (10/122 46 (10/220 6 (V1) 0 (0/20) NM. N.M. 6 (116) NM.
2016 8 (10/132) 43 (149 16 (6/38) 0 (0/17) NM. N.M. 9 (3/35) N.M.
2017 12 (/133 51 (1937 11 (327) 0 (0/19 NM. N.M. 4 (1/25) N.M.

N.M. — nincs meghatarozva

(N)
NM.
NM.
NM.
NM.
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5. TABLAZAT: REZISZTENCIA AMINOGLYCOSIDOKKAL SZEMBEN: LEGGYAKORIBB KOROKOZOK GENTAMICIN ES AMIKACIN

REzISZTENCIAJIA 2004 £s 2017 kOzOTT

Gentamicin rezisztencia Amikacin rezisztencia

Ev E. coli E. faecalis [ Pneu- Raeruge o el e coli S BMEls [ EEE () (i
moniae nosa moniae nosa bilis
% (/N) % (/N) % (/N) % (n/N) % (n/N)|% (/N) % ((/N) % (n/N) % (n/N)
2004 6 (8/130) 100 (38/38) 0O (0/23) 31 4/13) 30 (3/10) | 4 (5/130) NM. 0 (0/13) NM.
2005 7 (10/140) 100 (4242 4 (V26) 36 (410 38 (3/8) | 3 (4/140) N.M. 0 /M) N.M.
2006 4 (5/115) 100 (3535 O (0/13) 45 (/1) 45 (BN | 1 (V115 N.M. 18 ) N.M.
2007 5 (4/83) 100 (44/44) 4  (V28) 33 (4/12) 29 (@414)| 7 (6/83) NM. 0 0/12) N.M.
2008 0 (0/156) 53 (35/66) O (0/33) O (/7)) 25 (14) 1 0 0/7) 0 (0/2 0 0/7) 0 (01
2009 4 (5/1%6) 100 @47/47) 0 (0200 22 @9 15 @13 ] 0 (/16 0 (0/20) 0 09 0 (0/13)
2010 4 (4/107) 38 (18/47) 24 (52 0 (0/16) 8 (21 0 (©/107) 0 (0/2) 0 (0/16) 0 (0/12
2011 3 (3/108) 38 (2155 30 (827) 15 @213) O o8 | 0 (0/108) 0  (0/27) 0 0/13) 0 (0/8)
2012 1 (172) 53 (38/71) 36 (10/28) 21 (4/19) 6 () | 0 (©227) 10 (110) 0 0/199 0 (05
2013 2 (2103) 44 (36/82 21 (7/34) 5 (V200 20 (3/15 | O (0/7) 0 (0/3) 5 (1200 0  (0/4)
2014 5 (©/13) 50 (450900 2 (V42 18 (8/45) 14 (32) | 0  (0/3) 0 (0/1) 2 (45 0  (0)
2005 6 (71220 50 (3570) 36 (8/22 13 (W) 15 (3/200] 0 (0/1) 0 (071) 6 (7116) 0 (072
206 6 (8/132) 49 (51105 25 (12/49) 21 (8/38) O (0/17) ]| O (0/1) 0 (0/1) 3 (137) N.M.
2017 2 (2133) 48 (38/79) 32 (%237 7 @227 12 (21) N.IML N.M. 0 (0/25) N.M.

N.M. = nincs meghatarozva

kozasok és hugyuti idegentestek elterjedésével magyarazhato,
amit figyelembe kell venniink az antibiotikum-kivalasztaskor
empirikus kezelések soran.

A bakterialis antibiotikum-rezisztencia tekintetében ellentmon-
d6 eredmények szilettek. A 2003-2010-es GPIU-vizsgalat
soran nem észleltek egyértelm(i bakteridlis rezisztencianéveke-
dést a legtdbb antibiotikummal szemben, mig osztalyunkon
néhany antibiotikum vonatkozéasaban szignifikans rezisztencia-
emelkedést tapasztaltunk. Az E. coli ciprofloxacin rezisztencidja
szignifikansan n&tt 19%-rol 25%-ra. Bar ezen érzékek alacso-
nyabbak, mint a GPIU-vizsgdlatban észlelt aranyok, mégis tul
magasak ahhoz, hogy biztonsaggal alkalmazzuk ket empiri-
kus kezelés soran. A K. pneumoniae ciprofloxacin rezisztenci-
ja szintén magasnak bizonyult, 26%-59% k6z6tt ingadozott,
ami megfelel a nemzetkozi adatoknak. Az E. faecalis ciproflo-
xacin és levofloxacin rezisztencidja meghaladta az 47%, illetve
30%-ot. A P aeruginosa ciprofloxacin rezisztencidja csokkené
tendenciat mutat, 2017-ben 15%-0s értéket ért el, viszont ez
az eredmény nem tekinthet® statisztikailag szignifikansnak.
Ezen adatok alapjan a fluorokinolonok nem javasolhaték tobbé
hugyti fertézések empirikus kezelésére régiénkban. A cefalos-
porinokkal szemben az E. coli rezisztenciaja 20% alatt maradt.
Ennek lehetséges oka a megviéltozott antibiotikum-felhasz-
naldsi stratégiank, miszerint visszaszorftottuk a fluorokinolo-
nok alkalmazasét és csokkentettik a cefalosporinokét. Ennek
ellenére, E. coli esetében szignifikdns rezisztencianovekedést
tapasztaltunk ceftriaxonnal szemben, amely elérte a 12%-ot
(p<0,0001), ezaltal 2017-re meghaladta az empirikus keze-
léshez ajanlott 10%-o0s kiszobot. A K. pneumoniae cefalos-
porin rezisztencidja igen magasnak bizonyult, ami megfelel
a nemzetkozi megfigyeléseknek. Negyedik generécios cefa-
losporinnal, a cefepimmel szemben a K. pneumoniae rezisz-

tencidja 2012-ben elérte a 40%-ot. A K. pneumoniae magas
rezisztencidjanak hatterében feltételezhetéen a multirezisztens,
ESBL-pozitiv K. pneumoniae aranyanak névekedése allhat (11).
Eredményeink alapjan a cefalosporinok j6 empirikusan valaszt-
hat6 antibiotikumoknak tekinthetk Gram-negativ hugyuti
fert6zések kezelése soran, de kertlendék abban az esetben,
ha multirezisztens korokozd gyanuija felmerdl. Mivel az Entero-
coccus faecalis természetes rezisztencidval bir cefalospori-
nokkal szemben, hugyuti idegen testek jelenlétében a varhatéd
magasabb aranyat figyelembe kell venniink az empirikus anti-
biotikum-valasztas soran. Meglepd tény, hogy nem észleltiink
ceftriaxon- és ceftazidim-rezisztenciat a vizsgélati idészakban
Proteus mirabilis esetében, ami a viszonylag alacsony Prote-
us mirabilis izoldtumszammal magyarézhatd (dtlagosan 13-15
minta évente). A legtdbb kérokozd minimalis rezisztenciat mu-
tatott karbapenemekkel szemben, ugyanakkor a P aeruginosa
szignifikans (p=0,004) rezisztenciandvekedése aggodalomra
adhat okot. A 2010-ben észlelt 6%-0s imipenem rezisztenciaja
2017-ben 19%-ra emelkedett. Az uroldgiai osztalyokon vilag-
szerte ndvekvé karbapenem-rezisztenciarél a GPIU-vizsgalat és
maés nemzetkdzi vizsgalatok is beszamoltak (12).

A korokozok tobbségének trimetoprim/szulfametoxazol, fosz-
fomicin és nitrofurantoin antibiotikumokkal szemben mért
rezisztencidja elfogadhatd mérték( volt az utobbi években,
annak ellenére, hogy ezen antibiotikumokat, gyakrabban al-
kalmaztuk enyhébb nem komplikdlt hugyuti fertézések ese-
tén fluorokinolonok és cefalosporinok helyett. Ezaltal ezek
az antibiotikumok tovabbra is hatékonyan helyettesithetik a
fluorokinolonokat, kilontsen nem komplikalt alsé hugyti fer-
t6zések empirikus kezelése soran. Gentamicint osztalyunkon,
toxicitasa miatt, igen ritkan alkalmazunk. Ennek megfeleléen a
baktériumok gentamicin-rezisztencidja elfogadhatéan alacsony
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6. TABLAZAT: REZISZTENCIA SULFAMETHOXAZOLE/TRIMETHOPRIM, NITROFURANTOIN, POLIMIXIN B ES FOSFOMYCIN ANTIBIO-
TIKUMOKKAL SZEMBEN: A LEGGYAKORIBB KOROKOZOK SULFAMETHOXAZOLE/TRIMETHOPRIM, NITROFURANTOIN, POLIMIXIN B

ES FOSFOMYCIN REZISZTENCIAJA 2004 Es 2017 k6zOTT

Sulfamethoxazole/trimethoprim rezisztencia

Nitrofurantoin rezisztencia

E. coli E. faecalis K PPeUMO- b o iabolis
niae
% (n/N) % (n/N) % (n/N) % (n/N)
2 (3/129) 0 (0/38) N.M. NM.
1 (1/140) 5 (2/42) NM. NM.
2 (2/115) 0 (0/35) N.M. NM.
2 (2/82) 2 (1/44) N.M. NM.
1 (1/153) 0 (0/66) 18 (6/33) 100 (@/4)
2 (2/116) 2 (1/45) 47 (9/19) 100 (13/13)
1 (1/106) 0 (0/46) 71 (152) 100  (17/12)
0 (0/55) 0 (0/18) 31 (4/13) 100 (@474
0 (0/65) 0 (0/46) 90 (18/20) 100 (9/9)
1 (1/100) 0 (0/81) 91 (3134) 100  (15/15)
0 (0/128) 0 (0/89) 100 (4v4n 100  (20/20)
0 (0/121) 0 (0/70) 100 (2121 100  (20/20)
0 (0/131) 1 (1/103) 100  (48/48) 100  (17/17)
0 (0/128) 0 (0/79) 100 (37/37) 100  (18/18)

Ev E. coli E. faecalis | PPEUMO- o\ abilis
niae
% (n/N) % (n/N) % (n/N) % (n/N)
2004 19 (24/128) 13 (5/38) 13 (3/23) 20 (2/10)
2005 19 (271400 24 (10/42) 15 (4/26) 38 (3/8)
2006 24 (28/15) 29  (10/35) 8 (113) 27 B3/
2007 29 (24/82) 32 (14/44) 4 (1/28) 29 (4/14)
2008 26 (4V156) 33  (22/66) 21 (7/33) 50 (2/4)
2009 28 (33/116) 23 (1147) 6 (116) 33 4/12)
2010 30 (31/105) N.M. 16 (3/19) 33 4/12)
2011 31 (32102 N.M. 22 (6/27) 57 (@r7)
2012 23 (23/102) N.M. 63 (197300 63  (10/16)
2013 19 (18/95) N.M. 28 9/32) 29 (4/14)
2014 25 (33/131) N.M. 4 (6/42) 33 712
2015 19 (22118) N.M. 36 (8/22) 50 (8/16)
2016 32 (421132 N.M. 49 (24/49) 24 /17
2017 27 (34/127) NM. 44 (16/36) 47 (9/19)
Ev E. coli S TS HERIEE s
moniae nosa
% (n/N) % (n/N) % (n/N) % (n/N)
2010 0  (0/107) 0 (0/21) 0 (0/16) 100 (1712
2011 0  (0/108) 0 (0/27) 0 (0/13) 100 (8/8)
2012 0 (0/75) 0 (0/18) 0 /12 100 (1Y)
2013 0  (0/103) 0 (0/34) 0 (0/200 100  (15/15)
2014 0 (0/137) 0 (0/41) 0 (0745) 100 (2121
2005 0 (0122 0 0/22) 0 (0/16) 95  (19/20)
2016 0 (0/132) 0  (0/49) 0 (0/38) 100  (17/17)
2017 0 (0/133) 0 (0/37) 0 (0/27) 100 (19/19)

N.M. = nincs meghatarozva

szinten maradt, kivéve K. pneumoniae esetén, ahol szignifikan-
san emelkedd értékeket mértlnk.

A GPIU eredményei alapjan a hospitalizalt betegek 9%-anal
alakul ki nozokomidlis fert6zés. llyenkor gyakran multirezisz-
tens korokozo all a fertézés hatterében, amit az empirikus
kezelés soran, az antibiotikum megvalasztasakor figyelembe
kell venniink. Ezért, amennyiben multirezisztens kérokozéra
gyanakszunk, térekedniink kell arra, hogy a varhaté kéroko-
26 érzékenységének megfelelé antibiotikumot valasszuk (pl.:
karbapenemek, vagy anti-Pseudomonas aktivitassal bird bé-
ta-laktdmok). Azt is figyelembe kell venniink, hogy a legtdbb
széles spektrumu antibiotikum, mint a fluorokinolonok és a ce-
falosporinok 6sszefliggésbe hozhatok a Clostridium difficile
fertézések ndvekvd el6fordulasaval (13).

A 2010-es évet kdvetd idbszakra vonatkozd nemzetkdzi
GPIU-vizsgdlatok adatainak feldolgozasa jelenleg is zajlik, ame-
lyeknek a sajat adatainkkal torténé dsszehasonlitasa a késéb-
biekben hasznos informéciéval szolgalhat az antibiotikum-ke-
zelési stratégiank hatékonysagat illetéen.

Fosfomycin rezisztencia
E. coli K.pneumo- o i abilis
niae
% (n/N) % (n/N) % (n/N)
0 (0/102) 15 (3/20) 9 (1)
0 (0/90) 4 (123) 14 (17)
5 (120) 0 (0/7) 0 (0/4)
NM. NM. NM.
NM. NM. NM.
NM. NM. NM.
NM. NM. NM.
NM. NM. NM.

Vizsgalatunk korlatai

2010-ig, korlatozott adatmennyiséghez fértink hozza a
mikrobiolégiai laborbdl a szamitégépes rendszer és az
elektronikus adatbazis hidnya miatt. A 2010-es évtél kezdve
az informatikai rendszer kiépitése jelentSsen kiterjesztette
az adatok feldolgozasanak lehet&ségeit. A mikrobioldgiai
adatgyUjtésbél kifolydlag nem dlinak rendelkezésre klinikai
hattéradatok a tenyésztésekkel kapcsolatban (tinetmentes
bakteriuria vagy tlnetekkel jaré hugyuti fertézés). Mivel a
K. pneumoniae természetes rezisztenciaval bir ampicillinnel
szemben, a 2005-ben észlelt 88%-0s rezisztenciaarany té-
vesnek tekintendé.

Kovetkeztetés

Mivel a kérokozok helyi spektruma és antibiotikumokkal szem-
beni rezisztencidja idSben és foldrajzi régionként eltér, a helyi
viszonyok felmérése rendkiviil fontos, hogy megfeleléy empiri-
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kus antibiotikum-kezelésben részesitsik a higyUti fertézésben
szenvedd betegeket. A helyi rezisztenciaviszonyok ismerete
megalapozza a megfeleld infekcidkontroll és antibiotikum-ke-

esetén szikségszer( a fluorokinolonok és cefalosporinok al-
kalmazasanak visszaszoritasa, illetve a helyi rezisztenciaviszo-
nyok ismerete alapjan, szlikebb spektrumu antibiotikumokkal

zelési stratégia felallitasat. Kevésbé stlyos higyuti fertézések
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Introduction The Acute Cystitis Symptom Score (ACSS) is a new self-reporting tool to evaluate the symp-
toms of uncomplicated acute cystitis (AC) in women. The linguistic and clinical validation process of the
Hungarian version used in this study may serve as a guide for the validation of the ACSS in other languages.
Material and methods In this prospective cohort study, women with AC (Patients) and those without
(Controls) filled in the Hungarian ACSS version, during their visits to physician's office. Statistical analysis
included ordinary descriptive values, calculation of reliability, validity, discriminative ability, responsive-
ness (sensitivity, specificity) and comparative analysis.

Results Thirty-one patients were recruited for validation along with 37 controls. Statistical analyses resulted
in excellent values of internal consistency, discriminative ability and validity for diagnosis of AC. At the cut-off
at a score of 6 in the ‘typical’ domain, positive and negative predictive values were 97% and 92%, sensitivity
and specificity were 90% and 97%, respectively.

Conclusions The ACSS has demonstrated benefits for diagnosis and patient-reported outcome assess-
ment. It is objective, fast, and cost-effective, and may help to easily confirm the accurate diagnosis of AC.
Therefore, it may be especially important for clinical and epidemiological studies on AC in women.
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INTRODUCTION

Women, suffering from acute uncomplicated cys-
titis (AC) represent the vast majority of the cases
of the urinary tract infections (UTIs) — the most
widespread infectious diseases worldwide [1].

Non-standardised and subjective evaluation of symp-
toms of AC, inappropriate and prolonged adminis-
tration of antibiotics, low adherence to international
guidelines have led to excessive antibiotic prescrip-
tion and inevitably to increasing antimicrobial resis-
tance, and unfortunately, the development of novel
antimicrobial agents is not expected in the near

Cent European J Urol. 2018; 71: 134-141

future [2]. Antibiotic stewardship programs aim
to set coordinated strategies to enhance patient
health outcomes, decrease the use of broad-spec-
trum antibiotics and to slow down the increase of
antimicrobial resistance [3, 4, 5]. In order to reach
these aims, standardised, high-quality investigations
of available and future modalities for treatment and
prevention of UTIs have to be conducted [5-9].

Clinical studies on UTIs often rely only on patients'
self-diagnosis of episodes of AC. The major limitation
of current evidence making the results of the stud-
ies often unreliable is the use of non-standardised,
non-validated methods of self-diagnosis. Therefore,

doi: 10.5173/ceju.2018.1530
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objective self-diagnosis and self-assessment of out-
come are essential, as a basis for comparing the ef-
ficacy of different treatment modalities, either of an-
tibiotic and non-antibiotic [10, 11].

The Acute Cystitis Symptom Score (ACSS) was de-
veloped under the hypothesis that diagnosis of AC
can be made with high probability, based on typical
symptomatology, such as frequency, urgency and dys-
uria, in the absence of vaginal and/or urethral dis-
charge [2]. Uzbek and Russian versions of the ACSS
were tested in Uzbek and Russian speaking female
populations of the Republic of Uzbekistan. There-
after, the ACSS was translated into and validated
in German and British English languages. The ACSS
and its scoring system has demonstrated high val-
ues of reliability, validity and discriminative abilities
in all studies held in Uzbekistan, Germany and Great
Britain [12-16]. The evaluation of the ACSS in other
languages, such as Polish, Romanian, Ukrainian,
and American English is in preparation.

Our study was designed as a prospective cohort study
of the associations between symptomatology and di-
agnosis of AC, and the assessment of its outcomes in
women, with the ACSS used as a standardised tool.
This paper mainly encompasses an internal validation
part of the study, which aimed to develop a Hungarian
version of the ACSS. The current study may also serve
as an example and methodological guide for linguistic
and clinical validation of the ACSS in other languages.

MATERIAL AND METHODS
The Acute Cystitis Symptom Score questionnaire

The ACSS contains 18 questions (items), which are di-
vided into 4 domains: 6 items regarding typical acute
cystitis symptoms (‘Typical’ domain), 4 items for dif-
ferential diagnosis (‘Differential’ domain), 3 items on
quality of life (‘QoL’ domain) and 5 additional ques-
tions regarding other relevant circumstances, such
as menses and pregnancy (‘Additional’ domain). The
first 3 domains are designed and scored in a Likert-
type scale in order to measure severity of symptoms,
while the items of the last domain are designed as di-
chotomous requiring only simple ‘Yes/No’ answers.

Translation process

The translation and linguistic validation of the
Hungarian version of the ACSS was performed
in accordance with the Linguistic Validation Manual
for Patient-Reported Outcomes (PRO) Instruments
guidelines [17]. The validated Russian version of the
ACSS was taken as a source. First, two independent
primary, forward translations into the Hungarian

language were produced by two professional trans-
lators, followed by a consultative meeting between
the two primary translators and the local project
manager to obtain a consensus ‘provisional’ version.
Then the provisional version was back-translated
into the source language by an independent trans-
lator, which was compared with the source version
of the questionnaire, as a test. This step was followed
by pilot testing of the corrected provisional version
of the questionnaire. The notes of the patients were
then discussed and the final version of the question-
naire was created. The validated British English ver-
sion was taken into account as a reference before the
final Hungarian version was accepted. The process
of translation and linguistic validation was published
by our workgroup in details earlier [12-16, 18].

Ethical approval

The protocol of the validation process was approved
by the Egészségiigyi Tudomanyos Tanacs (ETT)
TUKEB Medical Research Council, Budapest Hun-
gary on 24th February 2015 (Approval number:
34/2015.-6423/2015/EKU) and the Local Ethical Com-
mittee of the tertiary care hospital, where the work
was conducted. The research was performed in accor-
dance with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards. Before
inclusion into the study, all patients and subjects were
requested to sign written patient informed consent.

Pilot test

A pilot test of the translated Hungarian version
of the ACSS was carried out in 6 female respondents,
of different ages, with different levels of education
and belonging to different social groups, who had ex-
perienced AC in their history at least once.

Clinical validation study
Recruitment

Female respondents aged 18 years and older, who
visited the urological outpatient clinic of a Hun-
garian tertiary care hospital from September 2015
to February 2016, diagnosed with uncomplicated
AC (Patients) were enrolled along with healthy wom-
en without AC or any significant urological condi-
tion, not visiting the hospital as patients (Controls).

Patient groups

For allocation of the respondents into groups and fur-
ther analysis of responsiveness, a project supervisor
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and two members of the research team were chosen.
One of them (A.B.) had access to the case histories
and the results of respondents' clinical and laboratory
investigations, but was blinded to the results of the
questionnaire survey while the second member (A.M.)
was blinded to all results of respondents' investiga-
tions apart from the ACSS test results and the final
diagnosis of the urologist. Based on information given
to them, they have made independent diagnostic de-
cisions whether the respondent had or did not have
AC. Their decisions were documented and compared
by the research supervisor (PT.). In cases when their
opinions coincided true negative (both of them decid-
ed that the patient did not have AC) or true positive
(both of them decided that patient did have AC), diag-
noses were marked. All disagreements were discussed
with the project supervisor and a final decision was
achieved by consensus. Using this algorithm, respon-
dents were divided into two groups: control group
(Controls) and acute cystitis group (Patients).

Examination, data collection

The diagnosis of AC was strictly adjusted to the Euro-
pean Association of Urology Guidelines [2]. The crite-
ria and the examinations performed for the diagnosis
of AC in this study are summarised in Table 1.

In addition to the urological examinations, the pa-
tients were asked to fill out the ACSS questionnaire
(Part A).

Appropriate therapy, for those women who had AC,
was prescribed according to European Association
of Urology Guidelines [2]. Patients were suggested
to come for test-of-cure (TOC) visit after finish-
ing of prescribed therapy. During TOC, they were
requested to fill out the ‘follow-up’ form (Part B)
of the ACSS.

All data were recorded into an electronic database
via the latest version of a specific client software
(e-USQOLAT) [19].

Statistical analysis

Data obtained from ACSS survey were analysed us-
ing Statistical Package for the Social Sciences (IBM
SPSS Statistics for Windows, Version 21.0. IBM,
GmbH, Ehningen, Germany). Statistical analysis in-
cluded ordinary descriptive statistical values (aver-
age values such as means and medians, etc.).
Calculations of Cronbach's alpha, split-half reliabil-
ity and Spearman-Brown prophecy were used for the
assessment of internal consistency (reliability analy-
sis) of the Hungarian ACSS [20, 21]. Splitting into
halves was performed in dependence of odd end even
ordinary numbers of items.

Validity and discriminative ability were evaluated via
calculation of responsiveness (sensitivity and speci-
ficity), using area under receiver operating charac-
teristic curve (AUC) analysis along with positive and
negative likelihood ratios as well as diagnostic odds
ratio. Two by two (2x2) tables were used with taking
the acute cystitis as an ‘exposure’, and scores of the
ACSS - as an ‘outcome’.

Table 1. Criteria and examinations performed for the diagno-
sis of acute cystitis

Examination type Criteria

¢ history of lower urinary tract symptoms
(dysuria, frequency and urgency, suprapubic
pain, hematuria, cloudy/foul smelling urine),
exclusion of asymptomatic bacteruria

Focused medical history
exploration and standard
urological physical

examination ¢ absence of vaginal discharge or irritation
(performed under ¢ no risk factors for complicated urinary tract
conditions of clinical infections

practice) ¢ no signs of acute pyelonephritis, absence

of fever, systemic symptoms or flank pain

Sediment examination: at least one of the
following conditions had to be true:
e 6 or more leucocytes per unit/high power
field (HPF)
e 100 or more bacteria per unit/HPF
¢ 3 or more red blood cells per unit/HPF
in urine sediment
OR
Urine dipstick test suggesting urinary tract
infection (nitrite, leukocyturia, haematuria)

Microscopy of centrifuged
urine sediment or urine
dipstick test (mid-stream
clean catch urine samples)

Urine culture
(mid-stream clean
catch urine samples)

10° or more CFU of uropathogens in 1 ml
of unspun urine

In the case of atypical symptoms the physician

Additional examinations,
if indicated, to exclude
other conditions than
acute uncomplicated
cystitis

in charge (expert urologist specialist) decided

if additional diagnostic studies were necessary:

¢ kidney and bladder ultrasound

¢ kidney-ureter-bladder x-ray

« other clinical and/or instrumental diagnostic
procedures and tests

Table 2. Success and non-success rates using individual criteria

Mode Domain(s)

Definition of Success  Success N Non-Success

(Scores) (%) N (%)
1 Dynamics <1 21 (91.3%) 2 (8.7%)
2 Mainsymptoms® = b“Em”ﬁO:;em L 0@7%)  3(13%)
3 Typicals 4, b“Em”?ldi;em "L 079 3(13%)
4 QoL 3 b“Em”ﬁdi;em L 22(957%)  1(43%)
5 TypicalstQol <7 b“Em”icl’dfem L o0(87%)  3(13%)
6  Typicals/ QoL SY/S3butnoitem>1 - ,q 000 3 13y

(mild)

2 MAIN SYMPTOMS include TYPICALS 1-3 only: frequency, urgency, painful urination;
QoL — Quality of Life; N — number
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Normality of distributions was assessed visually and
numerically, using Q-Q plots and Shapiro-Wilk test [22].
Comparative analysis was performed using Mann-
Whitney's U (non-parametric) and Student's t (para-
metric) tests [23, 24]. Differences between variables
were measured using standard deviations and 95%
confidence intervals (95% CI). Statistical significance
of differences was evaluated using P-value; substan-
tive significance was estimated via effect size calcula-
tion by correlation coefficient (rho).

Success and non-success rates were defined using
individual criteria. The definitions along with the re-
sults are presented in Table 2.

Substantive significance was estimated via effect
size calculation by correlation coefficient (rho) and

Cohen's d. The statistical power of the test between
cases (Patients vs Controls) and within cases (Visit 1
vs. Visit 2) for the ACSS domains was assessed using
Wilks' lambda.

RESULTS
Translation and linguistic validation

The process of translation and linguistic validation
of the ACSS resulted in the final Hungarian ACSS.
After approval by hospital authorities, the final ver-
sion was used for the pilot test. Both the Hungar-
ian and the British English versions of the ACSS are
available at the ACSS website [25].

Table 3. Differences in scores of the different domains of the Acute Cystitis Symptom Score (ACSS) between groups of Patients and

Controls and comparison between two visits

Typical scores Controls Patients P value Cohen’s d/effect-size r Pat.'lgnts Pat.'lgnts P value Cohen’s d/effect-size r
(power) Visit 1 Visit 2 (power)
Number 37 31 23 23
Range Oto9 3to 16 6to 16 Oto9
Mean +SD 0.84 +1.79 9.42 £3.33 9.86 +2.89 1.05+2.04
95% Cl for Mean  0.24to 1.43 8.20t0 10.64 854t011.17 0.12to 1.97
: : . <0.0001 3.20/0.85 . <0.0001 3.52/0.87
Median 0 10.00 (1.00) 10.00 0.00 (1.00)
0.25 percentile 0 6.00 7.00 0.00
0.75 percentile 1 11.00 11.00 1.25
Differential . Cohen’s d/effect-size r Patients’ Patients’ Cohen’s d/effect-size r
Controls Patients P value - . P value
scores (power) Visit 1 Visit 2 (power)
Range Oto2 Oto5 Oto4 Oto2
Mean +SD 0.11 £0.46 1.03+1.30 0.86 £1.11 0.29 +0.56
95% Cl for Mean  -0.04 to 0.26 0.55t01.51 0.35t01.36 0.03 t0 0.54
0 , ) <0.0001 0.94/0.43 ) 0021 0.65/0.31
Median 0 1.00 (0.98) 1.00 0.00 (0.74)
0.25 percentile 0 0.00 0.00 0.00
0.75 percentile 0 2.00 2.00 0.25
Quality of Life Controls Patients P value Cohen’s d/effect-size r Papgnts Pat"lgnts P value Cohen’s d/effect-size r
(Qol) scores (power) Visit 1 Visit 2 (power)
Range Oto8 Oto9 Oto8 Oto6
Mean +SD 0.84 £1.74 4.94 +2.08 4.95+2.20 1.05+1.53
95% Cl for Mean  0.26to 1.42 4.17t05.70 395t0595 0.35t01.75
6 ) ) <0.0001 2.14/0.73 ) <0.0001 2.06/0.77
Median 0 5.00 (1.00) 6.00 0.00 (1.00)
0.25 percentile ) 0 ) 6.00 3.00 ) 0.00
0.75 percentile 0.50 6.00 6.00 2.00
Typical+QolL Controls Patients P value Cohen’s d/effect-size r Patjlgnts Pat“le.nts P value Cohen’s d/effect-size r
scores (power) Visit 1 Visit 2 (power)
Range Oto13 61to 25 6to 22 Oto12
Mean £SD 1.68 +3.18 14.35 +4.86 14.81 +4.40 2.10£2.98
95% Cl for Mean 0.62to02.74 12.57to 16.14 12.81t0 16.81 0.74to 3.45
: : : <0.0001 3.08/0.84 : <0.0001 3.38/0.86
Median 0 15.00 (1.00) 15.00 1.00 (1.00)
0.25 percentile 0 10.00 11.00 0.00
0.75 percentile 2.50 17.00 17.00 3.00
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Pilot test

All six respondents of the pilot test have found the
questionnaire to be understandable, and the scale to
be adequate and clear in that they could not have
answered it more than one way, what may judge for
this Hungarian version of the ACSS to be used as
final version for the clinical validation study.

Clinical validation study
Demography

Sixty-eight Hungarian women were recruited for
validation. Thirty-seven of them were recognised as
having no acute cystitis (Controls), whereas diagno-
sis of AC was approved in 31. The median (range)
age of Controls and Patients was 48 (19-85) and 42
(18-78) years, respectively.

Analysis of reliability
‘Typical’ domain

Cronbach's a for ‘Typical domain was 0.89 (95% CI;
0.84 to 0.93), the correlation between forms was
0.86, the Guttman split half and the Spearman-
Brown coefficients were 0.91 and 0.93 respectively.
The mean score achieved by the Controls was
0.84 £1.79, while Patients achieved 9.42 +3.33
(p <0.0001, Table 3). Results of comparative analy-
sis of typical symptom scores between Patients and
Controls are demonstrated in Figures 1 and 2.

ROC analysis resulted in AUC = 0.99 (95% CI; 0.96
to 1.0; p <0.001). The most representative sign for
AC according to our data was painful urination and
it was observed in 78% of Patients. It also showed
the highest AUC, while ’haematuria’ had the lowest.

‘Differential’ domain

The Cronbach's o value was 0.45 (95% CI; 0.17-0.65).
The mean total score, achieved by Patients
(1.03 *1.3) was significantly higher than that
achieved by Controls (0.11 *0.46, p <0.0001)
(Table 3). The AUC for this domain was 0.74
(95% CI, 0.6 to 0.87, p = 0.001).

’Quality of Life’ domain

The reliability in the category ‘quality of life’ was
high: Cronbach's a was 0.95 (CI 95%; 0.93 to 0.97).
Mean total score was 0.84 *1.74 vs. 4.94 +2.08
in Controls vs. Patients respectively (p <0.0001,
Table 3). The AUC was 0.94 (95% CI: 0.88 to 1.00).

Painful urination bilackds
emptying

z l
!.-’ |
‘ |
05
. I O ] I
Frequency Urgency pain L

Figure 1. Mean score comparison of typical symptoms between
patients and controls.

u Controls ® Patients

l”

Sum scores (box plots) of ,typical” symptoms

Scores
20
18
16

Controls Patients

Figure 2. Sum scores (box-and-whisker plots) of ‘typical’ symp-
toms among patients and controls with cut-off line.

‘Typical’ and ‘Quality of Life’ domains

Since the ‘QoL’ domain consists of three items, it is
not reasonable to apply the analysis of split-half reli-
ability for this domain. Therefore, we performed this
analysis for combined ‘Typical’ and ‘QoL’ domains.
The Cronbach's o value for this ‘combined domain’
(9 items) was 0.93 (CI 95%: 0.91 to 0.96), with 0.92
for the first part and 0.80 - for the second part. Cor-
relation between parts was 0.93, Spearman-Brown
coefficient was 0.96, and the Guttman's split-half co-
efficient was 0.93.
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Analysis of validity

For prediction of acute cystitis, at cut-off score 6
of Typical domain, positive and negative predictive
values were 96.55% and 92.31%, sensitivity and
specificity were 90% and 97%, respectively.

Follow-up visit, comparison between the two visits

Twenty-three (74%) members of the Patients group
came back for TOC visit, with 61% patients who felt
back to normal and 30% felt much better. The av-
erage interval between visits was 15 days. Results
of comparative analysis of the ACSS scores between
the two visits are presented on Table 3.

Table 2 represents various possibilities to differenti-
ate between success and non-success, using part B
of the ACSS (23 Patients treated for AC). Applica-
tion of four different modalities (main symptoms,
Typicals, Typicals + QoL, Typicals/QoL) revealed
the same numbers of patients showing success and
non-success in 20 (87%) and 3 (13%) of patients,
respectively. These results were proven by clinical
investigation of mentioned Patients. A very similar
pattern was found, when patient-reported outcome
was assessed earlier using the Russian and Uzbek
versions of the ACSS [13].

Since ‘Typical’ domain have shown excellent results
concerning sensitivity and specificity for diagnosing
AC (the cut-off score of 6), it may be reasonable to
use the same domain at a score of <4, but no item >1
for patient-reported outcome of success of treatment.

Statistical power and effect size analysis

The results of the analysis are presented in Table 3.
DISCUSSION

Emerging antibiotic resistance of uropathogens
is a serious and well-known problem. The excessive
use of broad-spectrum antibiotics leads to increased
bacterial resistance. Development of multi-drug re-
sistant bacteria results in higher rate of therapeutic
failure and leads to administration of broader spec-
trum antibiotics for empirical treatment. Broader
spectrum antibiotics, such as carbapenems, fluo-
roquinolones or cephalosporins, however, should
be saved for patients with more severe infections,
whereas patients with benign infections like AC
should be treated initially with narrow spectrum
antibiotics in accordance with the actual guidelines,
availability and local patterns of susceptibility [2].
Therefore, fast and unequivocal diagnosis and out-
come assessment of uncomplicated AC is extremely

important both for clinical and research purposes.
It is especially reasonable, since the first Phase 3
studies comparing antibiotic versus non-antibiotic
treatment have shown that symptomatic treatment
by itself may become an accepted treatment modal-
ity in the future [11, 26].

Validated patient questionnaires are becoming in-
creasingly popular in all fields of modern medical
practice. Specific questionnaires, such as Interna-
tional Prostate Symptom Score (I-PSS) [27] and the
International Index of Erectile Dysfunction (IIEF)
[28] — translated and validated in several languag-
es, have become widely used instruments of uro-
logical examination, and are inevitable in the course
of comparing different treatment strategies. Howev-
er, up to most recently there has been no widespread
validated questionnaire suitable for diagnosis and
outcome of AC.

The Acute Cystitis Symptom Score questionnaire
was initially reported in 2013. It evaluates patient
symptoms, estimates the effect of the disease on
quality of life and contributes to differential diag-
nostics. Originally developed in Uzbekistan in Uz-
bek language, the ACSS is now already translated
and clinically tested in Russian, British English and
German languages [12-16, 18]. The ACSS nowadays
is filled out by hundreds of female patients suffering
from AC and has proved to be valuable in clinical
practice and was also included in the updated Ger-
man guidelines on uncomplicated UTI [29].

The aim of the current study was to perform
the linguistic and clinical validation of the Hungar-
ian version of the ACCS. The study revealed that
the Hungarian version of ACSS is well-designed and
the questions are clear and understandable. The
statistical power and effect size analysis revealed,
that the number of the respondents and their al-
location was appropriate for the validation study.
The validation process of the translated Hungarian
ACSS version has demonstrated excellent values of
internal consistency, discriminative and predictive
abilities, and validity for diagnosis of AC in women.
Values of interclass correlation were also very good.
The analysis of responses and the symptoms showed
significant differences between control and AC group
in each category. Strong correlation between differ-
ent categories was observed.

The ‘Typical’ symptoms were highly specific and al-
most exhaustive predictors of AC. The leading symp-
tom for AC according to Hungarian data is painful
urination, observed in 78% of patients with AC. Cut-
off score of 6 of ‘Typical’ domain can be excellent-
ly used to differentiate between cases positive and
negative for AC, thanks to high predictive values
(96.55% and 92.31%, respectively). As well, ‘Typical’
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domain, at a cut-off score of 4 or lower, is reliable
to assess effectiveness of the therapy, at the test-
of-cure visits, either in combination with ‘Quality
of Life’ domain or not.

The current study was performed at a single cen-
tre, which may be considered a limitation. This also
explains the relatively low number of participants.
In addition, 8 of 31 patients did not return for any
control visit and therefore did not fill in the second
part (control visit) of the ACSS. Nevertheless, the
similarity of results of the current study to those of
previous studies, may judge that the effect of pos-
sible selection bias if any, is however non-significant
and the results are representative. Moreover, high
sensitivity, specificity, association between labora-
tory tests and questionnaire results, the clear dif-
ference in scores between control group and patient
group, all these together suggest, that the question-
naire is able to describe the dynamics of the clinical
condition very well.

In our study, we have validated the Hungarian ver-
sion of the ACSS not only linguistically but also clini-
cally. Thus, the Hungarian ACSS can now be used
as an effective tool in the diagnosis and outcome
assessment of AC in Hungarian speaking women
for clinical and research purposes not only by urolo-
gists, but also by gynaecologists and general prac-
titioners in their clinical practice. Methodology
of validation, described in this paper, may be used
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Abstract

Purpose To reassess the diagnostic values of the “draft” guidelines for the clinical diagnosis of acute uncomplicated cystitis
(AC), recently proposed by US Food and Drug Administration (FDA) and European Medicines Agency (EMA).

Methods The data of 517 female respondents (patients with acute cystitis and controls) derived from the e-USQOLAT
database were analyzed and used for the validation of proposed “draft” guidelines of FDA and EMA, compared to the Acute
Cystitis Symptom Score (ACSS) questionnaire. The diagnostic values of the proposals concerning signs, symptoms and
their severity were assessed and compared.

Results The six “typical” symptoms of the ACSS were strongly associated with the diagnosis of AC. The number of positive
“typical” symptoms differed significantly between patients and controls: median 5 (IQR 4-6) vs 1 (IQR 0-3) respectively.
Scored severity of “typical” symptoms also differed significantly between groups of patients and controls: median (IQR) 10
(7-13) vs 1 (0-4), respectively. The best balance between sensitivity and specificity is shown by the ACSS cut-off value of
6 scores and more of the “Typical” domain, followed by an approach proposed by FDA and EMA, justifying ACSS to be
used as a diagnostic criterion for the clinical diagnosis of AC.

Conclusions Not only the presence but also the severity of the symptoms is important for an accurate diagnosis of AC. The
ACSS, even without urinalysis is at least as favourable as the draft diagnostic proposals by FDA and EMA. The ACSS can
be recommended for epidemiological and interventional studies, and allows women to establish self-diagnosis of AC, mak-
ing the ACSS also cost-effective for healthcare.

Keywords Urinary tract infection - Cystitis - Acute Cystitis Symptom Score - ACSS - Guidelines - Diagnosis
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In the last update of these guidelines of the European
Association of Urology (EAU) from 2019, AC is defined as
acute, sporadic or recurrent cystitis limited to non-pregnant
women with no known relevant anatomical and functional
abnormalities within the urinary tract or comorbidities [2].
According to the EAU guidelines, the diagnosis of AC can
be made with a high probability based on a focused history
of lower urinary tract symptoms (dysuria, frequency and
urgency) and the absence of vaginal discharge or irritation.

The definition of UTIs in a broader sense is presented in
the updated German National Clinical Practice S3 Guideline
[3]: UTIs may be classified as uncomplicated in the absence
of relevant functional or anatomical abnormalities in the uri-
nary tract, with no relevant renal functional impairment and
any relevant concomitant disease that could aggravate the
UTIs or condition, which could increase the risk of develop-
ment of serious complications. Simple cystitis in this regard,
may represent no additional health problem for the woman
with stable diabetes mellitus, whereas any kind of pyelone-
phritis, whether earlier defined as uncomplicated or compli-
cated, could interfere with her metabolic balance and could
lead to severe complications. It becomes obvious today that
a simple general classification of UTIs into uncomplicated
and complicated UTIs is far too rough. Therefore, a more
differentiated stratification of UTIs with the deeper consid-
eration of risk factors was proposed earlier [4].

Recently, the US Food and Drug Administration (FDA)
and European Medicines Agency (EMA) have proposed
“draft” guidelines for the clinical diagnosis of patients with
AC for further discussion:

(a) Adult and, if appropriate, adolescent females with evi-
dence of pyuria (WBC > 10/uL) and at least two of the
following signs or symptoms of dysuria, urinary fre-
quency, urinary urgency, and suprapubic pain (FDA)
[51;

(b) Female patients with documented pyuria (WBC > 10/
uL) and having a minimum number of symptoms such
as frequency, urgency and dysuria (EMA) [6].

We aimed to reassess the diagnostic values of these pro-
posed draft guidelines using the Acute Cystitis Symptom
Score (ACSS) which was validated in several languages
[7-10].

Material and methods

Study design

The current study is designed as a non-interventional,
case—control study.
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Data acquisition

The e-USQOLAT database, containing the relevant clini-
cal and laboratory data obtained from female respondents
(patients with AC and controls without AC) during clinical
validation of the ACSS in several countries was selected
as a primary source for data mining [11]. All relevant data
were acquired from the database at the access date of Janu-
ary 1, 2019.

The “diagnostic Part A” of the ACSS questionnaire,
used for diagnostic purposes contains four domains [7].
Since all information essential for our purpose, concerning
symptomatology (four symptoms mentioned above, plus
two symptoms: “incomplete bladder emptying” and “visi-
ble blood in urine”) constitutes the “typical” domain of the
ACSS, we decided to limit our analysis of the symptoms
and their severity to this domain. Analyses of other items
and domains of the ACSS are discussed elsewhere [12].

Further information about the questionnaire itself in dif-
ferent languages can be found on the ACSS website (https
/lwww.acss.world).

Data processing

Only cases with sufficient information concerning ques-
tionnaire data and urinalysis were selected for further sta-
tistical analysis.

The diagnosis concerning the presence or absence of
AC, made by the treating physician based on the history
and the results of the laboratory findings in accordance
with national and/or international standards and guidelines
[1-3] was taken as reference. Confirmed diagnosis of AC
was considered a positive diagnostic outcome (patients)
and the absence of AC was taken as a negative diagnostic
outcome (controls), respectively.

The presence of symptoms (positive, negative), symp-
toms’ severity (mild, moderate, severe), and the proposed
diagnostic approaches (EMA, FDA, ACSS) were consid-
ered for calculation of their diagnostic values.

Presence of pyuria was considered a confounder. Since
two different types of urinalyses were performed in dif-
ferent countries (dipsticks with esterase test or micros-
copy according to Nechiporenko [13]), results of these two
methods were unified and labelled, respectively, as “nega-
tive”, “trace”, “small”, “moderate” and “large”, depending
on the number of white blood cells.

Data processing included a procedure of dichotomi-
zation of variables for the assessment of diagnostic val-
ues. Generally, relative variables were labelled as “0” for
“negative”/’not match”, and “1” for “positive”’/”’match”.
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e-USQOLAT database

916 female respondents of total
(at a point in time of Jan. 1, 2019)
434 — Uzbekistan;
199 — Russian Federation;
94 — Germany;
68 — Hungary;
65 — Tajikistan;
38 — Italy;
18 — United Kingdom.

No| Doesrespondenthave full | yag
Excluded and sufficient data on the Selected for the second round
39 (4.26%) appropriate ACSS items? 877 female respondents (95.74%)
PProp _ U Included to the further analysis
Does respondent have 517 female respondents (58.95%)
Excluded sufficient data on urinalyses Yes k)= Udoelds e
360 (41.05%) o rnavses 65 — Tajikistan;
(dipstick and/or microscopy)? P am—
16 — Hungary.

Fig. 1 Flowchart of the selection of the study population

Statistical analysis

Contingency tables were used for the statistical analysis of
the bivariate (dichotomized) variables. The diagnostic values
of the different proposals regarding the relations of expo-
sure, confounder and the diagnostic outcome were assessed.
Values such as sensitivity, specificity, positive and negative
likelihood ratios (+ LR and — LR, respectively), Youden’s
J-index, diagnostic odds ratio (DOR), positive and negative
predictive values (PPV and NPV, respectively) were cal-
culated. ROC curve analysis was used for the assessment
of area under the curve (AUC). The strength of associa-
tions between exposure and a positive diagnostic outcome
was measured using Pearson’s product-moment correlation
coefficient.

Tests of the comparative analyses were performed in
dependence of normality and homoscedasticity of distribu-
tions which in turn were assessed using dot charts and 0—Q
plots.

For the comparison of independent, homoscedastic and
normally distributed variables, Student’s two-sided  test was
used. For normally distributed heteroscedastic independ-
ent variables, Welch’s two-sided modified ¢ test was used.
Non-parametric tests were used when parametric tests were
considered inappropriate. A p value of less than 0.05 was
considered statistically significant.

R v.3.5.2 with in-built and additional (third-party) pack-
ages was used for the statistical analysis and graphical rep-
resentation of the results [14—-16].

A4

e 232 Controls (Age range: 15-73; MeantSD: 33.94+12.25)
* 285 Patients (Age range: 16-87; MeanSD: 34.74+14.80)

Results

On the access date, the e-USQOLAT database contained
information about 911 female respondents from seven dif-
ferent countries (Fig. 1). Respondents are allocated to the
groups of patients (with AC) and controls (without AC)
according to the final diagnosis of the treating physician.

A total number of 517 respondents from four countries
matched all the inclusion criteria and could be selected for
further data processing and analysis (Fig. 1). Missing results
of urinalysis accounted for the majority of mismatches in
the inclusion criteria (360; 39.52% of total). Only 39 of
excluded respondents had no sufficient questionnaire data
(4.28% of total).

The age of the population included in the study
ranged from 15 to 87 years with the following aver-
ages: median (interquartile range—IQR) —30.50 (24.00;
40.00), mean + SD —34.38 + 13.71. The group of controls
consisted of 232 (44.87%) respondents with a median
age (IQR)—31.00 (25.00; 40.00), a mean age+ SD -
33.94 +12.25, ranging from 15 to 73 years. Two hundred
eighty-five (55.13%) respondents in the group of patients
had a median age (IQR) of 30.00 (24.00; 41.00), a mean
age+SD —34.74 + 14.80, ranging from 18 to 87 years old.
The process of selection of the study population and essen-
tial demographic data are presented in Fig. 1 and Table 1.

Linear model fit analysis for “diagnostically significant
grades” of pyuria revealed values of >25 WBC/uL for
dipstick analysis and > 8000 WBC/mL for urine micros-
copy according to Nechiporenko [13] to have a statisti-
cally significant positive relationship with the diagnosis
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Table 1 Demographics of the study population (patients with AC and controls without AC)

Total N=517 Controls N=232 Patients N=285
N Prevalence among the N Prevalence within N Prevalence
study population the group within the
group
Parameter
Age
Young girls (15-21 years old) 73 14.15 31 13.36 42 14.74
First mature age (22-35 years old) 254 49.22 117 50.43 137 48.07
Second mature age (3655 years old) 134 25.97 63 27.16 71 2491
Advanced age (56-74 years old) 50 9.69 20 8.62 30 10.53
Old age (>74 years old) 5 0.97 0 0.00 5 1.75
Language versions of the ACSS filled
Uzbek (cyr) 294 56.87 140 60.34 154 54.04
Russian 87 16.83 44 18.97 43 15.09
Tajik 58 11.22 21 9.05 37 12.98
German 43 8.32 19 8.19 24 8.42
Uzbek (lat) 19 3.68 4 1.72 15 5.26
Hungarian 16 3.09 4 1.72 12 4.21
Additional conditions at the time of visit
Pregnancy 58 11.22 27 11.64 31 10.88
Symptoms of the menopause 43 8.32 21 9.05 22 7.72
Menstruation ("monthlies") 46 8.90 19 8.19 27 9.47
Signs of premenstrual syndrome (PMS) 43 8.32 18 7.76 25 8.77
Known sugar diabetes 4 0.77 2 0.86 2 0.70
Pyuria 306 59.19 64 27.59 242 84.91

AC acute uncomplicated cystitis

of AC: sensitivity —0.85 [95% CI=0.80; 0.89], specific-
ity —0.72 [0.66; 0.78], PPV —0.79 [0.74;0.84], NPV —0.80
[0.74; 0.85], crude DOR —14.77 [9.57; 22.80], Youden
index —0.57 [0.46; 0.67].

The median number of positive symptoms for controls
was 1 with IQR of 0-3 and differed significantly non-sig-
nificant (p <0.001) from that for patients, which was 5 with
IQR of 4-6 (Fig. 2).

According to the ACSS data, the most common symptom
among the entire study population was urinary frequency
(72.92%). It included 47.84% of controls and 93.33% of
patients. Whereas the majority of controls experienced
“mild” urinary frequency (81/111=72.97%), “moderate”
or “severe” values of the symptom were more “specific” for
the group of patients (189/266 =71.05%) (Table 2).

Figures 3 and 4, respectively, represent the prevalence,
DOR and Youden’s index of the six “typical” symptoms
and their severity, used in the ACSS questionnaire. All six
symptoms had a significant positive association with a posi-
tive outcome (PO), i.e. diagnosis of AC. It also was verified
that not only the presence of the symptoms but also their
severity is important for the diagnosis (Fig. 4). More detailed
results of the analysis of different diagnostic values of these
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Patients

Groups

Controls

59 77 27 35 16 13 5

p—-value<0,0001

0 1 2 3 4 5 6
Number of "Typical’ symptoms

Fig.2 Boxplots (IQR, range, mean + SD) of the number of the ACSS
typical symptoms in respondents (Patients with AC, Controls without
AC)

symptoms and their severity are given in Supplementary
Tables 1, 2, 3.

Scoring the symptoms into 0 (no symptom), 1 (mild), 2
(moderate), and 3 (severe) revealed for controls a median
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Table2 ACSS parameters of

. . Total N=517 Controls N=232 Patients N=285
the study population (patients
with AC and controls without N Prevalence among N Prevalence N Prevalence within
AC)s study population within the the group
group
Urinary frequency 377 72.92 111 47.84 266 93.33
Mild 158  30.56 81 3491 77  27.02
Moderate 118  22.82 24 1034 94 32098
Severe 101 19.54 6 259 95 3333
Urinary urgency 313 60.54 63 27.16 250 87.72
Mild 88 17.02 40 17.24 48 16.84
Moderate 114 22.05 14 6.03 100 35.09
Severe 111 2147 9 388 102 35.79
Dysuria 306 59.19 48 20.69 258  90.53
Mild 83 16.05 29 12.50 54 18.95
Moderate 102 19.73 10 431 92 3228
Severe 121  23.40 9 3.88 112 39.30
Suprapubic pain 319 61.70 82 3534 237 83.16
Mild 121 23.40 45 1940 76 26.67
Moderate 124 23.98 27 11.64 97 34.04
Severe 74 1431 10 431 64 2246
Sense of incomplete blad- 319 61.70 69 29.74 250 87.72
der emptying
Mild 114 22.05 43 18.53 71 24091
Moderate 121  23.40 20 8.62 101 3544
Severe 84 16.25 6 259 78 27.37
Visible blood in the urine 125 24.18 22 948 103 36.14
Mild 64 12.38 11 474 53 18.60
Moderate 37 17.16 7 3.02 30 10.53
Severe 24 4.64 4 172 20 7.02

AC acute uncomplicated cystitis

symptom score of 1 with IQR of 0—4 which significantly dif-
fered from that for patients: 10 with IQR of 7-13 (p <0.001)
(Fig. 5).

ROC curve analysis revealed the largest area under
the curve (AUC) for the summary score of the “typical”
domain of the ACSS (AUC [95% CI]=0.93 [0.91; 0.95]),
in descending order followed by dysuria (0.85 [0.82; 0.88]),
urination urgency (0.85 [0.82; 0.88]), sense of incomplete
bladder emptying (0.79 [0.75; 0.83]), suprapubic pain (0.74
[0.70; 0.78]), and visible blood in urine (0.63 [0.60; 0.67])
(Fig. 6).

Sensitivity and specificity (average [95% CI]) for the
different proposed approaches of diagnosing AC are the
following:

(a) 0.84 [0.79; 0.88] and 0.83 [0.77; 0.87] for the draft
approach by EMA';

(b) 0.83 [0.78; 0.87] and 0.88 [0.84; 0.92] for the draft
approach by FDA?; and

(¢) 0.8710.83;0.91] and 0.88 [0.83; 0.91] for the cut-off
value of the ACSS?, respectively.

The differences in diagnostic values between these three
diagnostic approaches are, however, statistically not signifi-
cant (p > 0.05) (Supplementary Tables 2 and 3).

If the cut-off value of the ACSS is combined with positive
pyuria, then the specificity and sensitivity change to 0.96
[0.93; 0.98] and 0.73 [0.67; 0.78], respectively.

Pyuria by itself had a reasonable sensitivity (0.85 [0.80;
0.89]) and specificity (0.72 [0.66; 0.78]) (Suppl. Table 2).

The ROC curve analysis of the proposed diagnos-
tic approaches demonstrated the best balance between

! A minimum number of symptoms such as frequency, urgency and
dysuria AND documented pyuria.

2 At least two of such symptoms as dysuria, urinary frequency, uri-
nary urgency, and suprapubic pain AND evidence of pyuria.

3 Summary score of “Typical” domain > 6.
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Patients (N=285)Controls (N=232)

Symptoms Events (%) Events (%) Diagnostic odds ratio [95% CI]
Urinary frequency 266 (93.33%) 111 (47.84%) —— 15.26 [8.97; 25.98]
Mild 77 (27.02%) 81 (34.91%) 0.69 [0.47; 1.01]
Moderate 94 (32.98%) 24 (10.34%) - 4.27 [2.61; 6.96]
Severe 95 (33.33%) 6 (2.59%) 18.83 [8.07; 43.94]
Urinary urgency 250 (87.72%) 63 (27.15%) —_— 19.16 [12.13; 30.26]
Mild 48 (16.84%) 40 (17.24%) 0.97 [0.61; 1.54]
Moderate 100 (35.09%) 14 (6.03%) — 8.42 [4.65; 15.22]
Severe 102 (35.79%) 9 (3.88%) e —— 13.81 [6.80; 28.06]
Dysuria 258 (90.53%) 48 (20.69%) 36.63 [22.04; 60.88]
Mild 54 (18.95%) 29 (12.50%) 1.64 [1.00; 2.67]
Moderate 92 (32.28%) 10 (4.31%) — 10.58 [5.36; 20.90]
Severe 112 (39.30%) 9 (3.88%) —_— 16.04 [7.91; 32.55]
Suprapubic pain 237 (83.16%) 82 (35.34%) =i 9.03 [5.99; 13.62]
Mild 76 (26.67%) 45 (19.40%) 1.51[0.99; 2.30]
Moderate 97 (34.04%) 27 (11.64%) - 3.92[2.45; 6.27]
Severe 64 (22.46%) 10 (4.31) A 6.43 [3.22; 12.84]
Sense of incomplete

bladder emplying 250 (87.72%) 69 (29.74%) —_— 16.87 [10.74; 26.52]
Mild 71 (24.91%) 43 (18.53%) 1.46 [0.95; 2.23]
Moderate 101 (35.44%) 20 (8.62) e 5.82[3.46; 9.77]
Severe 78 (27.37%) 6 (2.59%) —_—— 14.19 [6.06; 33.26]
Visible blood in urine 103 (36.14%) 22 (9.48%) H— 5.40 [3.27; 8.92]
Mild 53 (18.60%) 11 (4.74%) Hi— 4.59 [2.34; 9.01]
Moderate 30 (10.53%) 7 (3.02%) Hl— 3.78 [1.63 8.78]
Severe 20 (7.02%) 4 (1.72%) o 4.30 [1.40; 12.77]

0 5 10 15 20 25 30 35 40 45 50 55 60 65
DOR (whisker plots are represented by 95%Cl)

Fig.3 Prevalence and diagnostic odds ratio (average, 95% CI) of the six ACSS typical symptoms in the study population (patients with AC and

controls without AC)

sensitivity and specificity in the following descending
order: ACSS cut-off value of > 6 of “typical” domain (AUC
[95% CI] of 0.87 [0.84; 0.90]), draft proposal by FDA (0.85
[0.82; 0.88]), and the draft proposal by EMA (0.83 [0.80;
0.87]). However, the differences in AUC between the three
mentioned approaches were statistically non-significant
(p>0.05).

Diagnostic values of different numbers and scores of
symptoms with or without considering pyuria are presented
in Supplementary Tables 2 and 3. Graphical representation
of the different diagnostic proposals by FDA, EMA, and
ACSS is given as Supplementary Figs. 1, 2,3,4,5,6,7,8,9.
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Discussion

Urinary tract infections (UTIs) are among the most wide-
spread infectious diseases in general practice [17], with 80%
of cases classified as uUTIs. Although current guidelines
recommend antibiotics as the first choice of treatment for
the acute phase [2, 18], several prospective randomized,
placebo-controlled studies comparing antibiotic and non-
antimicrobial symptomatic therapeutic modalities have been
performed [19-22]. Results of these studies were compelling
enough for the updated German Clinical Guidelines [18] to
encourage the use of the non-AB symptomatic treatment in
selected cases of acute lower uUTIs with mild-to-moderate
symptoms.

Since AC can be considered a benign infection without
general risk of aggravation of UTI or serious complications,
mainly the clinical diagnosis with or without point of care
urinalysis (such as pyuria) and longer term follow-up with
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Fig.4 Youden’s index of the
six ACSS typical symptoms
according to presence and
severity in the study population
(patients with AC and controls
without AC)

Symptoms Youden index [95% CI]
Urinary frequency —— 0.45 [0.35; 0.55]
Mild — —-0.08 [-0.19; 0.04]
Moderate —— 0.23[0.13; 0.32]
Severe —— 0.31[0.22; 0.38]
Urinary urgency —— 0.61[0.50; 0.70]
Mild i 0.00 [-0.10; 0.09]
Moderate i 0.29 [0.20; 0.38]
Severe i 0.32[0.23; 0.40]
Dysuria —— 0.70[0.60; 0.78]
Mild I 0.06 [-0.03; 0.15]
Moderate i 0.28 [0.19; 0.36]
Severe i 0.35[0.26; 0.43]
Suprapubic pain i 0.48 [0.36; 0.58]
Mild i 0.07 [-0.03; 0.18]
Moderate —— 0.22[0.12; 0.32]
Severe i 0.18[0.10; 0.26]
Sense of incomplete bladder emptying —— 0.58 [0.47; 0.67]
Mild i 0.06 [-0.04; 0.17]
Moderate i 0.27 [0.17; 0.36]
Severe - 0.25[0.17; 0.32]
Visible blood in urine —— 0.27[0.17; 0.36]
Mild - 0.14 [0.06; 0.21]
Moderate i 0.07 [0.01; 0.13]
Severe HH 0.05[0.00; 0.10]
I T T T T T T T T ]

-1 -08 -06 -04 -02 0

02 04 06 08 1

Youden index (whisker plots are represented by 95%Cl)
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Controls
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59 66 21 23 13 21
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Summary score of the 'Typical’ domain

Fig.5 Boxplots (IQR, range, mean+SD) of the summary score of
the six ACSS typical symptoms in respondents (patients with AC,

controls without AC)

patient-reported clinical outcome (e.g. for at least 4 weeks
after end of treatment) should become the main inclusion
and outcome criteria of future studies. This would also better
correspond to the general recommendations and everyday
practice, making urine culture unnecessary, with the excep-
tion of specific situations, such as (a) suspected pyelone-
phritis, (b) symptoms not resolving within about 1 week or

o
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D Urination frequency
c 2
[} i Urination urgency
7] I
S - !l ——- Dysuria
_" Suprapubic pain
&L Sense of incomplete
{: bladder emptying
o J- -+ Visible blood in the urine
) Total summary
"Typical’ score
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Specificity (%)

Fig.6 Receiver operating characteristic (ROC) curves for the six
individual typical symptoms and the summary score of the six symp-
toms proposed by ACSS
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recurring within 4 weeks after the completion of treatment;
(c) atypical symptoms; (d) pregnancy [2].

Urine culture before and probably after treatment will
remain important for epidemiological studies, and for stud-
ies including at least one antimicrobial therapy arm. How-
ever, the use of any defined significant bacteriuria as post
hoc inclusion criterion is at least questionable. Nowadays,
it is known that even under normal physiological condition,
urine is not sterile [23]. The term “significant bacteriuria”
was used in the past to differentiate between infection and
contamination of a urine sample collected for analysis.
When bladder urine from patients with unquestioned acute
pyelonephritis was examined quantitatively, none contained
less than 10° colony forming units (CFU) of uropathogen
per mL [24]. Bacteriuria of > 10° CFU/mL in adults was
originally defined significant only for the diagnosis of pyelo-
nephritis. In 1982, Stamm et al. [25] documented that the
levels of > 10° CFU/mL of a pathogen in urine have a very
high specificity (99%) but a very low sensitivity (51%) for
the diagnosis of AC. Bacteriuria of > 10 CFU/mL was sug-
gested by the authors as the best diagnostic criterion (sen-
sitivity, 95%; specificity, 85%). In 2013, Hooton et al. [26]
confirmed that E. coli identified as low as 10'-10* CFU/
mL was sensitive and specific for the diagnosis of AC in
symptomatic women. But still, about 20% of these symp-
tomatic female patients were culture “negative” even when
being tested for such low counts. Quantitative PCR (qPCR)
for E. coli and S. saprophyticus finally demonstrated that
almost all women with symptoms suggestive for UTIs and
a “negative” culture still have an infection with E. coli [27].
Therefore, according to the German National S3 Guideline,
the detection of E. coli in symptomatic women is predictive
for a bacterial UTI, irrespective of the number of pathogens.
In contrast, the presence of Enterococci and group B Strep-
tococci in urine is not predictive for UTIs [3].

Hence, the use of a general definition for significant
bacteriuria of > 10° CFU/mL as an inclusion criterion, may
falsely exclude about half of the patients with a probable
diagnosis of AC presented with the same symptoms. Ther-
apeutic consequences drawn from such studies may have to
be then restricted for this subgroup of patients. Therefore,
we recommend considering all patients included with the
same clinical criteria into a study as the main target popu-
lation. Patients with bacteriuria of > 10% or > 10° CFU/mL,
in turn, should then only be considered as microbiologi-
cally evaluable patients. The same principles should be
applied for outcome criteria, based on patient-reported
outcome using a validated questionnaire at least up to
4 weeks after the end of therapy. Consideration of the
elimination of bacteriuria as the main study aim is sci-
entifically questionable, due to the findings that asymp-
tomatic bacteriuria may probably be protective against
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recurrent UTI [28, 29]. It should, however, be registered
as additional results of the study.

The analysis of 517 female respondents (patients and con-
trols) has revealed that the diagnostic value of the ACSS
cut-off value without urinalysis is at least as favourable as
the draft proposals by FDA or by EMA. The most important
advantage of the ACSS is that it could be used also in epide-
miological studies or for self-diagnosis of the patient without
the need for additional laboratory tests, such as urinalysis.
For clinical interventional studies, however, the same thresh-
old could be used as an inclusion criterion together with
the evidence of pyuria and thus dramatically increasing the
specificity.

Although it has been demonstrated that the scoring of
the five first typical symptoms in the ACSS questionnaire
are not much inferior to the six symptoms, including vis-
ible blood, we recommend to include further all six items
in the typical domain, because visible hematuria in connec-
tion with typical urinary symptoms may be pathognomonic
for acute hemorrhagic cystitis. It can also be an important
differential sign. If visible hematuria persists after treat-
ment, it needs a further careful investigation of the patient
to exclude any other urological disease, such as bladder can-
cer. The Swiss guidelines have also included a recent onset
of hematuria as one of the typical symptoms of AC besides
frequency, urgency and dysuria with pyuria and bacteriuria
of > 10 CFU/ml [30].

The shortcoming of the study is mainly related to the
design as a non-interventional, case—control study.

There are different laboratory methods defining pyuria in
different countries. The dichotomized approach allocating
pyuria into “significant” and “non-significant” allowed to
bring the values together, thus reducing possible biases. The
difference between pyuria (WBC > 25/uL) tested in the cur-
rent analysis and pyuria (WBC > 10/uL) proposed by FDA
and EMA remains open. The ratio of patients and controls in
our study is 1:0.81, which is close to the optimal ratio of 1:1.

Because of the non-interventional approach, the study
protocol could only be suggestive for the participating phy-
sicians, who were asked to follow the national and interna-
tional guidelines for the diagnosis and treatment of women
with AC. Therefore, variations of the management could
only be minimized but not completely avoided.

Conclusions

The diagnostic values of the “draft” guidelines proposed by
FDA and EMA were compared with the validated ACSS
questionnaire. Not only the presence but also the severity of
the symptoms (scoring) are important for an accurate diag-
nosis of AC. It could be shown that the diagnostic value
of the ACSS, even without additional urinalysis, is at least
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as favorable for the clinical diagnosis of AC as the draft
clinical proposals by FDA and EMA. Therefore, the ACSS
can be recommended for epidemiological and interventional
studies, and allows women for self-diagnosis of AC, which
makes the ACSS also cost-effective for healthcare.
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Abstract

Purpose Since symptomatic, non-antibiotic therapy has become an alternative approach to treat acute cystitis (AC) in
women, suitable patient-reported outcome measures (PROM) are urgently needed. The aim of this part II of a larger non-
interventional, case—control study was the additional assessment of the ACSS as a suitable PROM.

Methods Data from 134 female patients with diagnosed acute uncomplicated cystitis were included in the current analysis
with (1) a summary score of “Typical” domain of 6 and more; (2) at least one follow-up evaluation after the baseline visit;
(3) no missing values in the ACSS questionnaire data. Six different predefined thresholds based on the scoring of the ACSS
items were evaluated to define “clinical cure”, also considering the draft FDA and EMA guidelines.

Results Of the six different thresholds tested, a summary score of the five typical symptoms of 5 and lower with no symptom
more than 1 (mild), without visible blood in urine, with or without including QoL issues was favoured, which partially also
could be adapted to the draft FDA and EMA guidelines. The overall patient’s clinical assessment (“Dynamic” domain) alone
was not sensitive enough for a suitable PROM.

Conclusions Scoring of the severity of symptoms is needed not only for diagnosis, but also for PROM to define “clinical
cure” of any intervention, which could be combined with QoL issues. Results of the study demonstrated that the ACSS
questionnaire has the potential to be used as a suitable PROM and should further be tested in prospective clinical studies.

Keywords Urinary tract infection - Cystitis - Acute cystitis symptom score - ACSS - Guidelines - Patient-reported outcome

Electronic supplementary material The online version of this
article (https://doi.org/10.1007/s00345-019-02948-8) contains
supplementary material, which is available to authorized users.

Introduction

Although current guidelines recommend the use of anti-
biotics (ABs) as the first choice of treatment for the acute
phase of uncomplicated urinary tract infections (uUTI) [1,
2], several prospective randomized, controlled studies have
been performed already comparing antibiotic therapy with
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symptomatic therapy of uncomplicated acute cystitis (AC)
in women [3—6]. These results were compelling enough
for the updated German Clinical Guidelines [2] to encour-
age the use of non-AB symptomatic treatment in selected
cases of acute lower uUTIs with mild-to-moderate symp-
toms. Taking into account the possible protective abilities
of asymptomatic bacteriuria against recurrent UTI, it has
become obvious that the elimination of bacteriuria cannot
be considered anymore the main aim of studies focused on
the assessment of the efficacy of non-antibiotic modalities
in the treatment of AC [7, 8]. Consequently, suitable and
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effective patient-reported outcome measures (PROM) are
urgently needed.

According to the Food and Drug Administration (FDA)
guidance for industry, a PROM is “a means to capture
PROM data used to measure treatment benefit or risk in
medical product clinical trials”. Additional definition of
a PROM includes the following: “any report of the status
of a patient’s health condition that comes directly from the
patient, without interpretation of the patient’s response by
a clinician or anyone else. The outcome can be measured
in absolute terms (e.g., the severity of a symptom, sign, or
state of a disease) or as a change from a previous measure.
In clinical trials, a PROM can be used to measure the effect
of a medical intervention on one or more concepts (i.e., the
thing being measured, such as a symptom or group of symp-
toms, effects on a particular function or group of functions,
or a group of symptoms or functions shown to measure the
severity of a health condition)” [9].

The Acute Cystitis Symptom Score (ACSS) was already
introduced as a standardized self-reporting diagnostic ques-
tionnaire, which has proven its efficacy in the clinical diag-
nosis of AC in women and in monitoring possible changes
after therapy [10-14]. The ACSS has been translated and
validated in several languages and is available online (http://
www.acss.world/downloads.html). In a smaller, non-inter-
ventional study, the ACSS was already evaluated as a PROM
[13, 14]. Since the ACSS has now been used in a larger non-
interventional, case—control study [15], we aimed to perform
an additional assessment of the ACSS as a suitable PROM.

Materials and methods
Study design

The current study was planned as a non-interventional
within-subject design and can be considered as part II of the
recent publication [15], which mainly analysed the diagnos-
tic values of the ACSS as compared to the recently published
draft guidelines of FDA and EMA [16, 17].

Study tool

The ACSS is composed of the “Diagnostic” and “Follow-
up” forms (part A and part B). Each of these forms consists
of four domains: (1) typical symptoms, (2) differential symp-
toms, (3) quality of life (QoL), (4) additional medical condi-
tions. Besides the four mentioned domains, the “Follow-up”
part B of the ACSS contains the “Dynamics” domain to
assess the overall clinical outcome reported by the patient
[10].

The “Typical” domain of the ACSS contains six patient-
reported items corresponding to (1) urination frequency, (2)

@ Springer

urination urgency, (3) burning pain during urination (dysu-
ria), (4) suprapubic pain, (5) incomplete bladder emptying,
vi) visible blood in the urine.

The “QoL” domain is composed of three items concern-
ing (1) overall discomfort (bothersomeness) caused by the
symptoms and their severity, (2) impact on daily work/activ-
ities, and (3) impact on social activities.

The items of the “Typical” and “QoL” domains were
scored according to severity: none, mild, moderate, and
severe.

The “Differential” domain of the ACSS contains items
concerning differential diagnostic considerations, such as
female genital infections and upper UTI symptoms. The
“Additional” domain contains questions concerning impor-
tant medical conditions, such as menstruation, premenstrual
syndrome (PMS), postmenopause, pregnancy, and diabetes
mellitus.

The “Dynamics” domain of the ACSS is composed of
five grades concerning overall changes of the symptomatol-
ogy: Feeling (1) normal (all symptoms have gone away);
(2) much better (most of the symptoms has gone away); (3)
somewhat better (only some symptoms have gone away); (4)
no changes; (5) worse.

The data from both “Diagnostic” and “Follow-up” forms
of the ACSS questionnaire were used in this study.

From the draft guidelines proposed by FDA, the four
(dysuria, urinary frequency, urinary urgency, and suprapubic
pain) or by EMA, the three (frequency, urgency and dysu-
ria) symptoms mentioned in the corresponding draft guide-
lines—all included also in the ACSS questionnaire—were
analysed accordingly [16, 17]. All items were dichotomized
(s. below) as “Positive” or “Negative”, depending on the
presence or absence of the symptom, and their severity was
also considered.

Data acquisition

The e-USQOLAT database, containing relevant clinical
information and laboratory data of women with and with-
out AC was selected as a primary source for data mining
[18]. These data were obtained from female respondents at
baseline and follow-up visits during clinical validation of the
ACSS in several countries. All relevant data were acquired
from the database at its state on the access date of January
1,2019.

Data processing

Of among 517 female respondents, described in our recent
publication [15], we have selected patients with AC accord-
ing to the diagnosis made by the treating physician with the
following inclusion criteria: (1) summary score of “typi-
cal symptoms” of 6 and more; (2) at least one follow-up
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evaluation after the initial “diagnostic” visit; (3) no miss- Patients were supposed to receive appropriate medical
ing values in the ACSS questionnaire data, including the  treatment according to the national and international guide-
“Dynamics” domain of the “follow-up Part B” of the ques-  lines and therapeutic standards [1, 2, 19]. However, only

tionnaire (Fig. 1).

Fig. 1 Flowchart of patients’
selection. Part I of the study
[15]

Excluded No Was the respondent diagnosed as
N=232 <:I having acute cystitis by the treating

physician?

Yes

Excluded
N=115 <:|

Did the patient have 1 and more "follow-
up visits"?

Excluded Did the patient have a "Typlcal"
N 25 summary score of 6 and higher at the
"diagnostic" V|5|t?
Excluded Did the patient have suff|C|ent data o
the appropriate ACSS items for “foIIow—
up" visits?

236 cases
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outcome and not therapy modalities were included in the
further analysis of this non-interventional study.

Patients, who have filled up more than 1 “follow-up Part
B” of the ACSS were added as new cases per each available
follow-up form (visit). Visits were grouped depending on the
time difference between the first diagnostic visit and further
“follow-up” evaluation visits.

The “Dynamics” domain of the “follow-up Part B” form
of the ACSS was also considered for evaluation of overall
clinical outcome determined by the patient. In the purpose
of dichotomization, items “Yes I feel normal” and “Yes, I
feel much better” were merged and classified as “clinical
cure”, whereas the three remaining items (“Yes, I feel some-
what better”, “No, there are barely any changes”, and “Yes,
I feel worse”) were merged to “failure”. The procedures of
dichotomization were described previously [15].

In general, relative variables were labelled as “0” for
“negative,”/“not match”, and “1” for “positive”’/“match”.

Thresholds and terms

The evaluation terms or “visits” were classified according to
the time difference (in days) between the “diagnostic” and
“follow-up” evaluations.

To determine meaningful thresholds for clinical cure,
typical symptoms, QoL and overall clinical assessments
(“Dynamic” domain) were evaluated, combined and/or
weighed against each other.

Statistical analysis

Two-by-two contingency tables were used for the statistical
analysis of the bivariate (dichotomized) variables, where
the thresholds in different times of the evaluation were con-
sidered as the test variable (exposure), and efficacy of the
therapy was taken as an outcome.

The validity of the predetermined thresholds was evalu-
ated by the assessment of their relations with the overall
clinical outcome as reported by the patients in the “Dynam-
ics” domain of the “follow-up” form of the ACSS.

Such values as sensitivity, specificity, positive and likeli-
hood ratios, Youden’s J-index, odds ratio (OR), positive and
negative predictive values (PPV and NPV respectively), pos-
itive and negative likelihood ratios (+LR and —LR respec-
tively) were calculated. ROC-curve analysis was used for
the assessment of area under the curve (AUC). The strength
of associations between test variables and the outcome was
measured using Pearson’s product-moment correlation
coefficient.

Tests of the comparative analyses were performed in
dependence of normality and homoscedasticity of distri-
butions which in turn were assessed using normality tests
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(Shapiro—Wilk’s) [20], histograms and normal Q-Q plots
(see Suppl. Figures 1 and 2).

For the comparison of independent, homoscedastic and
normally distributed variables, Student’s two-sided ¢ test
was used. For normally distributed heteroscedastic inde-
pendent variables, Welch’s two-sided modified ¢ test was
used. Non-parametric tests such as Kruskal-Wallis rank-
sum test [21] and Wilcoxon/Mann—Whitney rank-sum test
for pairwise comparisons [22] were used when parametric
tests were considered inappropriate. A p value of less than
0.05 was considered statistically significant.

R v.3.5.2 with in-built and additional packages was used
for the statistical analysis and graphical representation of
the results [23-26].

Results

Using the criteria described above, 134 patients of among
517 previously selected female respondents [15] were
included in the current analysis. The age of the selected
patients ranged from 17 to 82 years, with a median (IQR)
of 31 (24.00—44.25) and mean (SD) of 36.28 (16.03) years.
Of them, 109 filled up at least 1 copy of the “follow-up
Part B” form of the ACSS (one “follow-up” visit) after the
initial “diagnostic” visit and 25 patients filled up multiple
copies at different “follow-up” visits. Altogether, they have
formed 236 cases (Fig. 1).

The maximum time difference between “diagnostic”
(visit 1) and “follow-up” evaluations (FU visits) was
29 days. According to the time difference, we have clas-
sified four terms of the “follow-up” evaluations: (1) Very
early evaluation or “Visit 2” (less than 2 days between
“diagnostic” and “follow-up” evaluations); (2) Early eval-
uation or “Visit 3” (2—4 days between “diagnostic” and
“follow-up” evaluations); (3) End-of-therapy evaluation
or “Visit 4” (5-9 days between “diagnostic” and “follow-
up” evaluations), and (4) Test-of-cure evaluation or “Visit
5” (10-30 days between “diagnostic” and “follow-up”
evaluations).

Eight different thresholds for evaluation of clinical cure
at the outcome were predetermined:

A. A summary score of the “Typical” domain up to 5
AND no visible blood in the urine

B. A summary score of the “Typical” domain up to 4
AND no visible blood in the urine

C. A summary score of the “Typical” domain up to 5 with
no item > 1 (mild) AND no visible blood in the urine

D. A summary score of the “Typical” domain up to 4
AND no “Typical” item > 1 (mild) AND no visible blood
in the urine
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E. A summary score of the “Typical” domain up to 5
AND no “Typical” item > 1 (mild) AND no visible blood
in the urine AND no “QoL” item > 1

F. A summary score of the “Typical” domain up to 4
AND no “Typical” item > 1 AND no visible blood in the
urine AND no “QoL” item > 1

G. A summary score of the four FDA symptoms up to 4
AND no score > 1 (mild) AND no visible blood in the
urine

H. A summary score of the three EMA symptoms up to
3 AND no score > 1 (mild) AND no visible blood in the
urine

Six of these thresholds (A—F) are related to the ACSS
items, one (G) was adapted to the FDA criteria, consider-
ing four symptoms, and one (H) was adapted to the EMA
criteria, considering three symptoms, as suggested in the
corresponding draft guidelines [16, 17].

Since only 34.75% of patients had visible blood in
urine, which decreased to only two patients at visits 4 and
5, we considered a clinical cure for all of the thresholds

only for cases with no visible blood as stated by the
patient.

At the time of “diagnostic” evaluation (visit 1), median
(IQR) of the summary typical score by the patients was
10 (7.75-13.00). On the next day of therapy (very early
evaluation/visit 2), it reduced to 7.00 (6.00-9.00). Further
reductions were as follows: 4.00 (0.00-6.00) at the early
evaluation (visit 3), 1.50 (0.00-3.00) at the end-of-therapy
evaluation (visit 4), and 1.50 (0.00-2.75) at the test-of-cure
evaluation (visit 5). The average summary scores of the
“Typical” domain differed significantly between all evalu-
ation categories (p <0.05), except between those at end-
of-therapy and test-of-cure evaluations (p=0.71) (Table 1,
Fig. 2).

The severity of the six typical symptoms at visit 1 and
the follow-up visits are presented in Table 2. At the “diag-
nostic” visit 1, five of six typical symptoms were positive
in 88.98-97.03% of the cases. Although the percentage of
cases with positive symptoms decreased over the observa-
tion time (especially starting from visit 3), and the percent-
ages of cases with severe or moderate symptoms decreased

Table 1 Summary scores of
“Typical” domain at the five
visit categories (mean, SD,

median, IQR)

Cases (n) Sum score of typical domain
Mean SD Median IQR
Visit 1 (diagnostics, Day 0) 236 10.23 3.18 10.00 7.75 13.00
Visit 2 (very early FU, Day <2) 23 7.70 321 7.00 6.00 9.00
Visit 3 (early FU, Day 2—4) 97 3.77 3.29 4.00 0.00 6.00
Visit 4 (end of treatment, Day 5-9) 82 2.26 2.94 1.50 0.00 3.00
Visit 5 (test of cure, Day 10-30) 34 2.12 3.38 1.50 0.00 2.75

Summary scores of Typical domain at the five visit cateqories
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Baseline (Day 0)

Very early visit (<2 days)
N=236 N=23

Early visit (24 days) End of treatment (5-9 days) Test of cure (10-30 days)
N=97 N=82 N=34

Visit categories

Fig.2 Summary scores of “Typical” domain of ACSS at diagnos-
tics of acute uncomplicated cystitis (AC) in women (baseline) and at

2

the four different follow-up visit categories: “very early visit”, “early

visit”, 7, “test-of-cure visit”. Note Red dots

end-of-treatment visit”,

represent cases, orange diamonds represent mean scores, orange error
bars represent standard deviations, orange line illustrates the sympto-
matic “course” of AC, grey “strip” around the orange line represents
standard error of a mean
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Table 2 Typical symptoms and their severity claimed by the patients at the five visit categories

Visit 1 Diagnostics (Day 0). n of cases =236

Typical symptoms Total (%) Mild (%) Moderate (%) Severe (%)
Urinary frequency 210 (88.98%) 69 (29.24%) 69 (29.24%) 72 (30.51%)
Urinary urgency 220 (93.22%) 40 (16.95%) 88 (37.29%) 92 (38.98%)
Dysuria 229 (97.03%) 38 (16.10%) 72 (30.51%) 119 (50.42%)
Suprapubic pain 196 (83.05%) 62 (26.27%) 83 (35.17%) 51 (21.61%)
Incomplete bladder emptying 218 (92.37%) 62 (26.27%) 89 (37.71%) 67 (28.39%)
Visible blood in urine 82 (34.75%) 43 (18.22%) 21 (8.90%) 18 (7.63%)
Visit 2 Very early FU visit (in less than 2 days). n of cases =23

Typical symptoms Total (%) Mild (%) Moderate (%) Severe (%)
Urinary frequency 18 (78.26%) 10 (43.48%) 5(21.74%) 3 (13.04%)
Urinary urgency 22 (95.65%) 13 (56.52%) 8 (34.78%) 1(4.35%)
Dysuria 22 (95.65%) 5(21.74%) 12 (52.17%) 5(21.74%)
Suprapubic pain 18 (78.26%) 8 (34.78%) 6 (26.09%) 4 (17.39%)
Incomplete bladder emptying 19 (82.61%) 8 (34.78%) 8 (34.78%) 3 (13.04%)
Visible blood in urine 4 (27.39%) 2 (8.70%) 1 (4.35%) 1(4.35%)
Visit 3 Early FU visit (2—4 days). n of cases =97

Typical symptoms Total (%) Mild (%) Moderate (%) Severe (%)
Urinary frequency 42 (43.30%) 28 (28.87%) 12 (12.37%) 2 (2.06%)
Urinary urgency 51 (52.58%) 36 (37.11%) 13 (13.40%) 2 (2.06%)
Dysuria 59 (60.82%) 40 (41.24%) 14 (14.43%) 5(5.15%)
Suprapubic pain 49 (50.52%) 32 (32.99%) 10 (10.31%) 7 (7.22%)
Incomplete bladder emptying 50 (51.55%) 38 (39.18%) 9 (9.28%) 3 (3.09%)
Visible blood in urine 13 (13.40%) 8 (8.25%) 4 (4.12%) 1 (1.03%)
Visit 4 End-of-treatment FU visit (5-9 days). n of cases =82

Typical symptoms Total (%) Mild (%) Moderate (%) Severe (%)
Urinary frequency 24 (29.27%) 16 (19.51%) 7 (8.54%) 1 (1.22%)
Urinary urgency 33 (40.24%) 26 (31.71%) 6 (7.32%) 1(1.22%)
Dysuria 37 (45.12%) 33 (40.24%) 3 (3.66%) 1(1.22%)
Suprapubic pain 24 (29.27%) 19 (23.17%) 3 (3.66%) 2 (2.44%)
Incomplete bladder emptying 28 (34.15%) 21 (25.61%) 7 (8.54%) 0 (0.00%)
Visible blood in urine 2 (2.44%) 1(1.22%) 1(1.22%) 0 (0.00%)
Visit 5 Test-of-cure visit (10-30 days). n of cases =34

Typical symptoms Total (%) Mild (%) Moderate (%) Severe (%)
Urinary frequency 14 (41.28%) 12 (35.29%) 1 (2.94%) 1 (2.94%)
Urinary urgency 14 (41.28%) 12 (35.29%) 1 (2.94%) 1 (2.94%)
Dysuria 15 (44.12%) 12 (35.29%) 3 (8.82%) 0 (0.00%)
Suprapubic pain 6 (17.65%) 5(14.71%) 1 (2.94%) 0 (0.00%)
Incomplete bladder emptying 8 (23.53%) 6 (17.65%) 1 (2.94%) 1 (2.94%)
Visible blood in urine 2 (5.88%) 2 (5.88%) 0 (0.00%) 0 (0.00%)

significantly, a relatively high proportion of cases of at least
mild symptoms remained even up to visit 5. Visible blood in
the urine (a pathognomonic symptom of hemorrhagic cys-
titis) was found only in 34.75% of cases at the “diagnostic”
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visit 1 and was reduced to only two cases at the visits 4
(2.44%) and 5 (5.88%).

Table 3 represents the results of the assessment of the
quality of life (QoL). It can be seen that the symptoms of
acute cystitis affect all three indicated categories of QoL
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Table 3 Impact on quality of live at the five visit categories

Visit 1 Diagnostic visit (Day 0). n of cases =236

Impact on quality of life Total (%) Mild (%) Moderate (%) Severe (%)
Overall discomfort 233 (98.73%) 38 (16.10%) 135 (57.20%) 60 (25.42%)
Work/daily activities 230 (97.46%) 86 (36.44%) 111 (47.03%) 33 (13.98%)
Social activities 228 (96.61%) 100 (42.37%) 89 (37.71%) 39 (16.53%)
Visit 2 Very early FU visit (in less than 2 days). n of cases =23

Impact on quality of life Total (%) Mild (%) Moderate (%) Severe (%)
Overall discomfort 18 (78.26%) 10 (43.48%) 5(21.74%) 3 (13.04%)
Work/daily activities 22 (95.65%) 13 (56.52%) 8 (34.78%) 1 (4.35%)
Social activities 22 (95.65%) 5 (21.74%) 12 (52.17%) 5 (21.74%)
Visit 3 Early FU visit (2—4 days). n of cases =97

Impact on quality of life Total (%) Mild (%) Moderate (%) Severe (%)
Overall discomfort 42 (43.30%) 28 (28.87%) 12 (12.37%) 2 (2.06%)
Work/daily activities 51 (52.58%) 36 (37.11%) 13 (13.40%) 2 (2.06%)
Social activities 59 (60.82%) 40 (41.24%) 14 (14.43%) 5(5.15%)
Visit 4 End-of-treatment FU visit (5-9 days). n of cases =82

Impact on quality of life Total (%) Mild (%) Moderate (%) Severe (%)
Overall discomfort 24 (29.27%) 16 (19.51%) 7 (8.54%) 1(1.22%)
Work/daily activities 33 (40.24%) 26 (31.71%) 6 (7.32%) 1(1.22%)
Social activities 37 (45.12%) 33 (40.24%) 3 (3.66%) 1(1.22%)
Visit 5 Test of cure (10-30 days). n of cases =34

Impact on quality of life Total (%) Mild (%) Moderate (%) Severe (%)
Overall discomfort 14 (41.18%) 12 (35.29%) 1(2.94%) 1 (2.94%)
Work/daily activities 14 (41.18%) 12 (35.29%) 1 (2.94%) 1 (2.94%)
Social activities 15 (44.12%) 12 (35.29%) 3 (8.82%) 0 (0.00%)

in almost all the cases (96.6-98.7%). Although the higher
rates of severity (moderate, severe) were reduced during
follow-up, about one-third of patients still claimed at the
least mild impact on their QoL in all three categories.
The percentage of cases with “back to normal” or
“much better” in the “Dynamics” domain have increased
over the follow-up time, but there was still a noticeable
number of the cases stated as “somewhat better” (Table 4).
Therefore, it is difficult to decide how “clinical cure”

should be defined in the frame of the current study using
only the “Dynamics” domain by itself.

In Table 5, the results of the Tables 2—4 are summarized
using for the six items of the “Typical” domain and the three
items of the “QoL” domain the percentages of cases rating
their symptoms and impact on QoL as moderate or severe at
visit 1 (diagnostics) and the three follow-up visits (early, end
of treatment, test of cure) and the patient’s overall clinical
assessment (“Dynamics” domain) according two different
thresholds at the same three follow-up visits. It can be seen

Table 4 Overall changes (ACSS “Dynamics”) from visit 1 at the four follow-up visit categories

ACSS (Dynamics) n of cases Feeling normal (n, %) Much better (n, %) Somewhat better (n, %) No changes (n, %) Feeling worse (1, %)

Visit 2 (Day <2), n=23 0 (0.00%) 1 (4.35%)

Visit 3 (Day 2-4), n=97 17 (17.53%) 39 (40.21%)
Visit 4 (Day 5-9), n=82 24 (29.27%) 40 (48.78%)
Visit 5 (Day 10-30), n=34 14 (41.18%) 10 (29.41%)

12 (52.17%) 9 (39.13%) 1 (4.35%)
31 (31.96%) 9 (9.28%) 1 (1.03%)
12 (14.63%) 3 (3.66) 3 (3.66%)
10 (29.41%) 0 (0.00%) 0 (0.00%)

Visit 2 (very early, Day <2); visit 3 (early, Day 2—4); visit 4 (end of treatment, Day 5-9); visit 5 (test of cure, Day 10-30)
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Table 5 Percentage of cases
rating their symptoms and

impact on the quality-of-life
parameters as moderate and

Visit 1 (n=236)

Visit 3 (n=97)

Visit 4 (n=82)

Visit 5 (n=34)

Typical symptoms (moderate + severe)

L . . Urinary frequency 59.75% 14.43% 9.76% 5.88%
severe at visit 1 (diagnostics) .
and at three follow-up visits Urmary urgency 76.27% 15.46% 8.54% 5.88%
(early, end of treatment, a test Dysuria 80.93% 19.58% 4.88% 8.82%
of cure) and the patient’s overall Suprapubic pain 86.78% 17.53% 6.10% 2.94%
assessment (Dynamics domain) Incomplete bladder emptying ~ 66.10% 12.37% 8.54% 5.88%
according to two different o o
thresholds at the same three Visible blood in urine 16.53% 4.12% 1.22% 0%
follow-up visits Quality of life (moderate-to-severe impact)
Overall discomfort 82.62% 14.43% 9.76% 5.98%
Work/daily activities 70.01% 15.46% 8.54% 5.98%
Social activities 54.34% 19.58% 4.88% 0%
Dynamics
“Somewhat better, no changes, feeling worse” 50.27% 21.95% 29.41%
“No changes, feeling worse” 10.31% 7.32% 0%

that the scoring of the symptoms (except visible blood in
urine) and the “QoL” items are decreasing fairly parallel
starting from visit 1 to visit 5. As mentioned above, estab-
lishing a threshold between “feeling much better” and “feel-
ing somewhat better” would show far too low “clinical cure”
rates which are not compatible with clinical experience in
patients with AC.

Finally, the results of the eight different predetermined
thresholds—six related to ACSS items and one adapted each
to FDA and EMA criteria—analysed at the different follow-
up visits concerning discrimination of clinical cure depend-
ing on the answers of the patients are shown in Table 6. In
general, the results demonstrate again that using severity of
symptoms combined with or without QoL items fairly com-
parable rates of “clinical cure” could be obtained.

As a next step, we tested the positive achievement of
“clinical cure” rates by the eight thresholds in association to
outcome using the “Dynamics” domain considering “clinical
cure” as (1) resolution of symptoms (feeling normal) and
(2) feeling much better. Due to lack of sufficient cases at the
very early visit (<2 days between “diagnostic” and “follow-
up” evaluations), we decided to remove these 23 cases from
this kind of evaluation. Thus, 213 cases of the total were
included in further analysis.

The ROC-curve analysis of the different thresholds
concerning the overall clinical outcome as reported by the
patients in the “Dynamics” domain, demonstrated that the
comparatively largest AUC (average [95% CI]) was noted for
the threshold category B (Summary score of the “Typical”
domain up to 4 AND no visible blood in the urine) at the
“Early evaluation” (0.83 [0.75; 0.91]). It was as well com-
paratively larger for other terms of evaluation: 0.78 [0.64;
0.92] and 0.83 [0.65; 1.00] for the “End of treatment” and
“Test of cure” evaluations. However, the differences were
not statistically significant when compared either with other
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thresholds or other terms of evaluation (Suppl. Figure 1 a—c,
Suppl. Table 1).

Highest value of sensitivity (average [95% CI]) was
revealed for the threshold “A” (0.91 [0.85; 0.95]), the highest
value of specificity was revealed for the threshold “F” (0.77
[0.65; 0.86]). The most optimal balance between sensitiv-
ity and specificity, positive and negative likelihood ratios,
also highest Youden index and strongest correlation with
the positive outcome (“Success”, according to the “Dynam-
ics” domain of the “follow-up part B” form of the ACSS)
was found to be for the threshold “D” (Summary score of
the “Typical” domain up to 4 AND no “Typical” item > 1
in the absence of the visible blood in the urine): sensitivity
(0.88 [0.81-0.92]) and specificity (0.74 [0.62-0.84]) (Suppl.
Table 1).

Discussion

Since a PROM is any report of the status of a patient’s health
condition that comes directly from the patient, without inter-
pretation of the patient’s response by a clinician or anyone
else, the ACSS questionnaire could be such an instrument
for female patients with AC. Besides the “Differential” and
“Additional” domains (see above), the ACSS contains three
different domains (Typical, QoL, Dynamics), which could
be used alone or in combinations for this purpose. In the
“Typical” domain, the patient is asked about six symptoms/
signs, which she has already scored before, at visit 1, the
diagnosis of AC was established. Although the symptoms
asked for are usually considered typical for AC, none of the
symptoms/signs can, however, be considered exclusive for
AC. In earlier studies, it could be demonstrated, that the
same symptoms in a mild form do not very well differentiate
between patients with AC and controls without AC [12, 17].
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Table 6 A number of cases above and below certain breakpoints representing success and non-success at the four follow-up visit categories.
Each case with “visible blood in the urine (VBU)” was rated “non-success”. (Threshold letters adjusted to supplementary table 1)

Criteria for success and non-success Yes (n, %) No (n, %)
Visit 2 (very early, Day <2), n of cases =23
A) summary score of typical domain <5 scores and “visible blood in urine” =0 5(21.74%) 18 (78.26%)
B) summary score of typical domain <4 scores and “visible blood in urine” =0 2(8.70%) 21 (91.3%)
C) summary score of typical domain <5 scores, no item > 1 and “visible blood in urine” =0 2(8.70%) 21 (91.3%)
D) summary score of typical domain <4 scores, no item > 1 and “visible blood in urine” =0 2 (8.70%) 21 (91.3%)
E) summary score of typical domain <5 scores, no item > 1 and no item of QoL > 1 and “visible blood in urine” 1(4.35%) 22(95.65%)
=0
F) summary score of typical domain <4 scores, no item > 1 and no item of QoL > 1 and “visible blood in urine” 1(4.35%) 22(95.65%)
=0
G) summary score of 4 FDA symptoms <4, no item > 1 and “visible blood in urine” =0 2 (8.70%) 21 (91.3%)
H) summary score of 3 EMA symptoms <3, no item> 1 and “visible blood in urine” =0 2 (8.70%) 21 (91.3%)

Visit 3 (early, Day 2—4), n of cases =97
A) summary score of typical domain <5 scores and “visible blood in urine” =0
B) summary score of typical domain <4 scores and “visible blood in urine” =0
C) summary score of typical domain <5 scores, no item > 1 and “visible blood in urine” =0
D) summary score of typical domain <4 scores, no item > 1 and “visible blood in urine” =0

>

E) summary score of typical domain <5 scores, no item > 1 and no item of QoL > 1 and “visible blood in urine’
=0

F) summary score of typical domain <4 scores, no item > 1 and no item of QoL > 1 and “visible blood in urine”
=0

G) summary score of 4 FDA symptoms <4, no item > 1 and “visible blood in urine” =0

H) summary score of 3 EMA symptoms <3, no item > 1 and “visible blood in urine” =0

Visit 4 (end of treatment, Day 5-9), n of cases =82

A) summary score of typical domain <5 scores and “visible blood in urine” =0

B) summary score of typical domain <4 scores and “visible blood in urine” =0

C) summary score of typical domain <5 scores, no item > 1 and “visible blood in urine” =0

D) summary score of typical domain <4 scores, no item > 1 and “visible blood in urine” =0

>

E) summary score of typical domain <5 scores, no item > 1 and no item of QoL > 1 and “visible blood in urine’
=0
F) summary score of typical domain <4 scores, no item > 1 and no item of QoL > 1 and “visible blood in urine”
=0
G) summary score of 4 FDA symptoms <4, no item > 1 and “visible blood in urine” =0
H) summary score of 3 EMA symptoms <3, no item > 1 and “visible blood in urine” =0
Visit 5 (test of cure, Day 10-30), n of cases =34
A) summary score of typical domain <5 scores and “visible blood in urine” =0
B) summary score of typical domain <4 scores and “visible blood in urine” =0
C) summary score of typical domain <5 scores, no item > 1 and “visible blood in urine” =0
D) summary score of typical domain <4 scores, no item > 1 and “visible blood in urine” =0
E) summary score of typical domain <5 scores, no item > 1 and no item of QoL > 1 and “visible blood in urine”
=0
F) summary score of typical domain <4 scores, no item > 1 and no item of QoL > 1 and “visible blood in urine”
=0
G) summary score of 4 FDA symptoms <4, no item > 1 and “visible blood in urine” =0
H) summary score of 3 EMA symptoms < 3, no item > 1 and “visible blood in urine” =0

64 (65.98%)
54 (55.67%)
55 (56.70%)
51 (52.58%)
53 (54.64%)

50 (51.55%)

56 (57.73%)
59 (60.82%)

70 (85.37%)
69 (84.15%)
66 (80.49%)
66 (80.49%)
60 (73.17%)

60 (73.17%)

66 (80.49%)
67 (81.71%)

30 (88.24%)
28 (82.35%)
28 (82.35%)
27 (79.41%)
27 (79.41%)

27 (79.41%)

28 (82.35%)
28 (82.35%)

33 (34.02%)
43 (44.33%)
42 (43.30%)
46 (17.42%)
44 (45.36%)

47 (48.45%)

41 (42.27%)
38 (39.18%)

12 (14.63%)
13 (15.85%)
16 (19.51%)
16 (19.51%)
22 (26.83%)

22 (26.83%)

16 (19.51%)
15 (18.28%)

4 (11.76%)
6 (17.65%)
6 (17.65%)
7 (20.59%)
7 (20.59%)

7 (20.59%)

6 (17.65%)
6 (17.65%)

Therefore, scoring of the symptoms is necessary to increase  considered clinically cured. By scoring the severity of the

the diagnostic value of the so-called “typical” symptoms. symptoms, the threshold of most suitable reduction of symp-
The same applies for outcome criteria if symptoms are used  toms needs to be analysed carefully below which a patient
for PROM, because the complete elimination of all symp-  may be considered clinically cured. Therefore, scoring the

toms cannot always be expected in all patients, although  severity of the symptoms also becomes relevant for PROM.
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Although reports of patients concerning symptoms can
only be subjective by definition, by answering the same, in
the meantime, familiar questionnaire at any follow-up visit,
one can at least expect that by scoring the symptoms not only
the presence or absence, but also the increasing or decreas-
ing severity of each symptom reported by the patient can
be considered as a quasi-objective measure. Nevertheless,
the amount of the reported change may still be subjective.
Therefore, we do not consider a certain total summary score
as a threshold to define “clinical cure”, but rather postulate
that the symptoms do not exceed a severity of more than
mild. Visible blood in urine, however, should become always
absent, because persistent visible blood in urine would need
further diagnostic steps to exclude serious pathologies, such
as bladder cancer.

Besides symptom severity, the patient can also be asked
about symptom discomfort (bothersomeness) and impact on
daily and social activities (QoL domain) as considered nec-
essary for PRO measures by Holm et al. [27]. Considering
the QoL domain in addition, the results are closely related
to the results using the symptom scoring system alone, but
one gets the impression that for some patients, adjustment
of their QoL takes somewhat longer than their awareness of
symptom severity reduction.

Finally, in the ACSS, the patient is asked about her
overall clinical assessment (“Dynamics” domain), which
again considers more a relative change as compared to the
situation before the AC has occurred (normal, baseline sta-
tus) and compared to the situation when the diagnosis was
established and any therapeutic intervention has started. The
intention to correlate the overall patient’s clinical assess-
ment with the reduction of the severity of typical symptoms
was, however, not convincing. Unfortunately, we could not
test the overall clinical assessments proposed in the draft
guidelines by FDA and EMA [16, 17]. According to the draft
EMA guidelines, the clinical outcome should be categorised
as cure, failure or indeterminate. The cure may be defined
as (1) complete resolution of clinical signs and symptoms
and/or (2) sufficient improvement or return to baseline sta-
tus such that no further antibacterial therapy is required for
the index infection. According to the draft FDA guidelines,
“clinical response” is defined as resolution of the symp-
toms of uUTI (dysuria, urinary frequency, urinary urgency,
suprapubic pain) present at trial entry (and no new symp-
toms). Using both definitions, one probably will face the
same problems, how patients consider “sufficient improve-
ment” (EMA) or “resolution of symptoms” (FDA).

Considering these three different measures (symptoms,
discomfort (bothersomeness) and impact on QoL, patient’s
overall clinical assessment), it may be difficult to agree
on the best PROM instrument for defining “clinical cure”.
Using the ACSS for systematic reasons, we suggest the
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following two thresholds as the most appropriate for a suit-
able PROM instrument depending on the requirement not
to include or to include QoL issues as strongly requested
by Holm et al. [27]: (1) a summary score of the “Typi-
cal” domain up to 5 with no item > 1 (mild) AND no vis-
ible blood in the urine (threshold C); and (2) a summary
score of the “Typical” domain up to 5 AND no “Typical”
item > 1 (mild) AND no visible blood in the urine AND
no “QoL” item > 1 (threshold E). If the threshold includ-
ing QoL is used (E), one should consider that obviously
“QoL improvement” is stated by some patients later than
a reduction of symptoms’ severity. Whereas at visit 4 (end
of treatment), the discrepancy between threshold C and E
still were six cases (in favour of C), at visit 5 (test of cure),
the difference was reduced to only one case.

The study has, of course, several limitations. It was a
non-interventional study. The final diagnosis and treatment
of AC were established by the treating physician accord-
ing to international and national guidelines and stand-
ards. Because of the non-interventional character of the
study, the follow-up visits of the patients could also not be
defined a priori, but only grouped according to meaningful
time intervals representing very early (<2 days) and early
(2—4 days) follow-up visits, end-of-treatment (5-9 days)
and test-of-cure visits (> 10 days). Although all patients
during the different follow-up categories were part of the
cohort at visit 1 (diagnostics), the amount of cohorts dur-
ing the different follow-up visits may also have differed
very much between follow-up visits. Within a follow-up
visit category, however, all parameters calculated referred
to the same group of patients analysed at the beginning
(diagnostic visit) and thus, were comparable.

In summary, the ACSS questionnaire was originally
developed for clinical diagnostics and therapeutic out-
come in female patients with acute uncomplicated cystitis
(AC). During development, patients were interviewed,
how they describe best the so-called typical symptoms of
AC and their severity during an acute episode of AC and
when they felt cured or improved after treatment, which
was compared with controls without AC. In addition, the
patients and the controls were asked about the impact on
their quality of life according to three aspects (bother-
someness of symptoms, impact on daily life and work,
impact on social life) and for their own overall clinical
assessment after treatment. Therefore, the ACSS question-
naire can also be used as a PROM instrument, because
patients were involved in the development, by focus groups
and interviews to capture the breadth of symptoms and
experiences associated with this particular disease, as
requested by Rothrock et al. [28].

Nevertheless, it would be helpful to test the thresholds
suggested in the current study to define “clinical cure”
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additionally in a prospective study with better-defined
follow-up visits of all patients included.

Conclusions

Since non-antibiotic therapy has become an alternative
approach to treat AC in women, suitable PRO measures are
urgently needed. Although typical symptoms are mainly
used for clinical diagnosis and outcome, these symptoms
are not exclusively found in AC. Therefore, severity scor-
ing of the symptoms is needed not only for diagnostics, but
also for PRO measure to define “clinical cure” of any inter-
vention. The presented data analysis demonstrated that the
ACSS questionnaire has the potential to be used as a suitable
instrument for PRO in well-designed prospective clinical
studies.
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