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Abstract: This is a cross-sectional study that was conducted at Jordan University Hospital (JUH) to
evaluate the appropriateness of Urinary Tract Infection (UTI) empiric treatment based on microbial
culture data and susceptibility testing. All urine cultures requested for adult patients (≥18 years)
admitted to JUH within the period from January 2019–July 2021 were reviewed and only those
cultures with positive episodes of infection were considered. In this study, 6950 urine culture
episodes were screened; among them, 34.5% (n = 2400) revealed positive results. Among those
patients with positive culture episodes, 1600 patients (66.7%) were discharged before the availability
of culture results and were excluded. Of the remaining eligible 800 patients, 701 (87.6%) received
empiric treatment. In 26.8% of the eligible cases (n = 214), the prescribed empiric agents failed to have
appropriate coverage of the identified pathogens, and in 14.6% of the cases (n = 117) the identified
microorganisms were reported as resistant to the prescribed empiric agents. Furthermore, only 13.4%
of the patients (n = 107) were appropriately treated for their UTI with empiric antibacterial agents.
We were not able to judge the appropriateness of UTI treatment for one third (n = 263, 32.9%) of
the patients, because they did not have susceptibility reports performed. This study revealed an
alarmingly high rate of inappropriate treatment of UTIs, which encourages the emergence of bacterial
resistance and affects health-related outcomes negatively. Therefore, antimicrobial stewardship
programs must be applied to optimize antibiotic consumption in hospital settings.
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1. Introduction

Antimicrobial Resistance (AMR) is the ability of microorganisms, including bacterial
pathogens, to survive and grow despite exposure to substances that are supposed to kill
them [1]. AMR has become one of the fastest-growing threats in global health and it is
associated with increased morbidity and mortality, in addition to disastrous economic
impacts due to treatment failure and prolonged hospitalization [2,3]. Several factors have
been reported to increase the risk of bacterial resistance, including the widespread use of
antibacterial agents in humans as well as in animals [4]. Increased prescription rates of
antibiotics by physicians may occur because medication choice is based on both cost and
toxicity, where the antibiotic with the lowest cost and toxicity is chosen [5].

Urinary tract infections (UTIs) are frequent infections in hospitalized and non-hospitalized
patients of all ages and both genders, although more common in females [6]. There is a
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documented need to address UTIs as soon as possible to avoid serious possible compli-
cations [7,8]. However, it is judicious to limit the use of antibiotics to appropriate cases
in order to curb antibiotic resistance and reduce the risk of adverse drug reactions [9]. It
can be easily supposed that if we optimize antibacterial use this will lead to a reduction in
resistance [10].

Several treatment options are available to manage the different classes and severities
of UTIs and their symptoms [11]. According to multiple studies, carbapenems, fluoro-
quinolones, trimethoprim–sulfamethoxazole, aminoglycosides, and beta-lactam antibiotics
are the most extensively utilized broad spectrum antibacterial agents [11]. To have an opti-
mal treatment for UTIs, physicians should prescribe an appropriate empiric antibiotic that
covers the identified microorganisms with the confirmation of the uropathogen’s suscepti-
bility to that empiric treatment [12]. Previous studies have shown the value of culture and
sensitivity testing in decreasing the inappropriate antibacterial use [13,14]. After obtaining
antibiotic susceptibility results and microbial culture data, the antibiotic regimen should be
re-evaluated based on the patient’s current condition [15]. First, physicians should review
the body site from which the sample was isolated and showed a positive result [15]. Second,
the results of susceptibility tests provide an opportunity for treatment, ranging from a
broad-spectrum antibiotic to targeted therapy with a narrow-spectrum antibiotic in order to
decrease unnecessary antibacterial exposure and increase the antibiotic’s effectiveness [15].

The purpose of this study was to evaluate the appropriateness of treatment of UTI
patients based on microbial culture data and susceptibility results in a tertiary teaching
hospital in Jordan.

2. Methods
2.1. Study Design and Participants, and Clinical Setting

This was a cross-sectional study that was conducted at Jordan University hospital,
which is the first academic teaching hospital in Jordan with a 550-bed capacity. This study
reviewed all urine cultures requested for patients (≥18 years) admitted to JUH within the
last two years (January 2019–July 2021), and only those cultures with positive episodes of
infection were considered. To avoid replication of patients with multiple urine cultures
on the same admission, data were only collected from the first culture per admission. In
addition, data regarding antibiotic susceptibility testing was also collected (if available) for
each included patient.

Following the gathering of information on culture and susceptibility testing, medical
files were reviewed for any antibiotics prescription within five days before obtaining culture
results, and only patients with documented antibiotic prescriptions were considered for the
evaluation of the appropriateness of UTI treatment. Patients with no antibiotic prescription
within the recommended time window were considered to have untreated conditions.
Other information collected included each patient’s gender, age, length of hospitalization,
and number of chronic medications.

2.2. Main Data Sources

Information regarding urine culture and susceptibility testing were obtained from
the JUH laboratory’s electronic system, together with details of the prescribed empiric
antibiotics and other medical records for each patient.

2.3. Evaluation of the Appropriateness of the of Urinary Tract Infection Empiric Treatment

Urinary tract infections are considered to be appropriately treated with empiric an-
tibiotic if that antibiotic is prescribed prior to urine culture results, and if the identified
microorganism(s) is/are within the spectrum covered by the empiric antibiotic [16]. If so,
the same empiric antibiotic was evaluated for its sensitivity based on the susceptibility test-
ing. Treatment with antibiotic was considered as appropriate if the bacteria were reported
as susceptible to that antibiotic. In order for the treatment of the UTI to be considered ap-
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propriate, the empiric antibiotic should have appropriate selection and the microorganism
should be susceptible to it.

2.4. Ethical Consideration

The World Medical Association Declaration of Helsinki guidance was followed in
the study [17], which was initiated after obtaining approval by the Institutional Review
Board (IRB) committee at Jordan University Hospital (Reference No. 196/2021). All the
collected information was kept on the personal computer of the principal investigator using
password-protected files.

2.5. Statistical Analysis

All the collected data were coded, entered, and analyzed using the Statistical Package
for Social Sciences (SPSS) version 22. The descriptive analysis was conducted using mean
and standard deviation (SD) for continuous variables and percentages for categorical
variables.

3. Results
3.1. Demographic and Medical Characteristics of the Study Sample

During the study period, 6950 urine culture episodes from the same number of patients
were screened and among them 65.5% (n = 4550) were negative culture episodes that were
excluded from the study. The remaining 34.5% (n = 2400) revealed positive results. Among
those patients with positive culture episodes, 1600 patients (66.7%) were discharged too
early, before the availability of culture results, and were also excluded.

The median age of the remaining eligible patients (n = 800) was 64 years (IQR = 29),
with 71.0% of the participants (n = 568) above 50 years old, and more than two thirds of
them females (n = 555, 69.4%). Moreover, more than half of the patients (n = 437, 54.6%)
were receiving polypharmacy (≥ 4 medications) and they had a median length of stay of
12 days (IQR = 11). For more details about the demographic and medical characteristics of
the study sample, refer to Table 1.

Table 1. Demographic and medical characteristics of the study sample (n = 800).

Parameter Results

Age in years, Median (IQR) 64.0 (29.0)
Age categories (years), n (%)

o 20–50.0 232 (29.0)

o 50.1–80.0 483 (60.4)

o 80.1–110 85 (10.6)

Gender, n (%)

o Female 555 (69.4)

o Male 245 (30.6)

Number of chronic medications, n (%)

o 0–1 178 (22.3)

o 2–3 185 (23.1)

o ≥4 437 (54.6)

Length of Stay, Median (IQR) 12.0 (11.0)
IQR: interquartile range.
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3.2. Empiric Antibiotic Prescribing

Antibiotics were primarily prescribed before the culture result as empirical prescription
for 701 patients (87.6%). The mean number of the prescribed empiric antibiotics for those
with positive urine culture was 1.1 ± 0.6, with a total of 873 prescribed empiric antibacterial
agents. Around 12% of the patients (n = 99, 12.4%) did not receive any antibacterial agent,
while the majority had received one antibacterial agent (n = 556, 69.5%), 14.8% of them
had received two antibacterial agents (n = 118), and only 3.4% of them had received three
antibacterial agents (n = 27). The most frequently prescribed empiric antibiotics were
ceftriaxone (n = 214, 24.5%), imipenem/cilastatin (n = 209, 23.9%), and levofloxacin (n = 128,
14.7%); the least prescribed agents were tigacyclin, cefotaxime, ampicillin, and linezolid
(n = 1, 0.1% for each). More details about the most frequently prescribed empiric antibiotics,
refer to Figure 1.
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Figure 1. The prescribed empiric antibacterial among the study sample (note: the total number of
prescribed empiric antibiotics was 873).

3.3. Urine Culture Testing and Susceptibility Testing

Most urine culture specimens revealed one microorganism (n = 559, 69.9%), with
only a few specimens showing two or more pathogens (241, 30.1%). The mean number
of pathogens listed in culture reports was 1.3 ± 0.5, and the most frequently reported
pathogens among the urine cultures were E. coli (n = 313, 29.5%), Enterococcus (n = 189,
17.8%), and Staphylococcus (n = 158, 14.9%). For more details, refer to Figure 2.
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Figure 2. The most commonly identified microorganisms within the urine culture among the study
sample (the total number of identified microorganism was 1062).
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Among the study sample, around half of the patients (n = 391, 48.9%) had susceptibility
report performed. The identified microorganisms were reported as resistant to 136 out
of the 873 prescribed antibiotics (15.6%). These antibiotics reported as “resistant” were
prescribed for 117 out of the 800 eligible patients (14.6%). The most commonly prescribed
antibiotics that have acquired the greatest resistance from bacteria were ceftriaxone (n = 48,
35.3%), levofloxacin (n = 27, 19.9%), and imipenem/cilastatin (n = 21, 15.4%). Details of
susceptibility results are presented in Table 2.

Table 2. Details of susceptibility results among the study sample.

Parameter n (%)

The availability of susceptibility reporting#

o No 409 (51.1)

o Yes 391 (48.8)

Number of patients with resistant microorganism# 117 (14.6)
The most commonly prescribed antibiotics that have acquired the greatest resistance from bacteria ˆ

o Ceftriaxone 48 (35.3)

o Levofloxacin 27 (19.9)

o Imipenem/Cilastatin 21 (15.4)

o Cefuroxime 14 (10.3)

o Pipercillin/Tazobactam 7 (5.1)

o Others 19 (14.0)

o Total 136

# Percentage calculated from the total number of eligible patients (n = 800). ˆ Percentage calculated from the total
number of antibiotics reported as resistance (n = 136).

3.4. Evaluation of the Appropriateness of Urinary Tract Infection Treatment

The appropriateness of urinary tract infection treatments was evaluated based on the
urine culture and susceptibility data (Figure 3). As seen in Figure 3, 12.4% of the eligible
patients (n = 99) received no antibiotics before culture results, and they were considered
to have untreated conditions or delayed treatments, whereas the remaining 701 (87.6%)
patients received antibacterial treatments. Each antibacterial agent was evaluated to assess
if its spectrum of activity covered the identified microorganisms. Accordingly, in 214
patients (26.8%) the prescribed antibiotics failed to have the appropriate coverage of the
identified pathogens. The remaining 487 patients (60.9%) were treated with agents that
cover the identified pathogens.
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Subsequently, susceptibility tests were used to evaluate whether the identified pathogens
were susceptible to the prescribed agents. As shown in Figure 3, susceptibility tests were
not available for 263 patients (32.9%), so we were not able to judge the appropriateness
of the prescribed agents among those patients. The remaining patients were divided into
two groups: those who were prescribed incorrect agents that were reported as “resistant”
(n = 117, 14.6%), and those who were correctly treated with agents that were reported as
“sensitive” (n = 107, 13.4%).

Overall, among the 800 eligible patients only 13.4% were appropriately treated with
empiric antibacterial agents (n = 107), while the remaining 693 (86.6%) were inappropri-
ately treated or left untreated. Table 3 presents several examples of the different types of
inappropriate treatment with empiric antibacterial agents.

Table 3. Examples of different types of the inappropriate empiric treatment of urinary tract infection.

Inappropriateness of UTI Empiric Treatment

Untreated condition
A 72-year-old male admitted to the JUH. The results of urine culture showed the

presence of Klebsiella and Staphylococcus. The patient did not receive any intravenous
antibiotics before the results of culture were available.

Incorrect antibacterial coverage

A-29-year-old female admitted to the JUH. The results of urine culture showed the
presence of Pseudomonas aeruginosa. The patient received Cefazolin as an empiric

antibiotic before the results of culture were available. The empiric antibiotic was not
correct because of the lack of coverage.

Incorrect treatment
(The identified pathogens were reported as resistant to the

prescribed agents)

A 60-year-old female admitted to the JUH. The results of urine culture showed the
presence of E. coli. The patient was given Ceftriaxone as an empiric antibiotic before
results of culture were available. The empiric antibiotic was not correct because the

identified pathogen was reported to be resistant to Ceftriaxone.

Inability to judge (Lack of susceptibility testing)
Not performed at all

o Not performed for this antibiotic

A 76-year-old male admitted to the JUH. The results of urine culture showed the
presence of E. coli. Meropenem was given to the patient as an empiric antibiotic

before results of culture were available. We could not conclude the appropriateness of
the use of Meropenem since no sensitivity test was performed.

A 67-year-old male admitted to the JUH. The results of urine culture showed the
presence of Acinetobacter. Colistin was given to the patient as an empiric antibiotic

before results of the culture were available. We could not conclude the
appropriateness of the use of Colistin since no sensitivity test was performed for this

particular antibiotic.

Correct treatment
(The identified pathogens were reported as susceptible to the

prescribed agent)

An 87-year-old female admitted to the JUH. The urine culture results showed the
presence of Staphylococcus. Vancomycin was given to the patient as an empiric

antibiotic before the culture results were available. Depending on the results of the
sensitivity test, the use of this antibiotic is considered appropriate.
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4. Discussion

This study evaluated the appropriateness of UTI empiric treatment for 800 adult
hospitalized patients, based on microbial culture data and susceptibility. Among those
eligible patients, 12.4% received no empiric treatment, while in 26.8% of the cases the
prescribed empiric agents failed to have appropriate coverage of the identified pathogens,
and in 14.6% of the cases the identified microorganisms were reported as resistant to the
prescribed empiric agents. Furthermore, only 13.4% of the patients were appropriately
treated for their UTI with empiric antibacterial agents. Moreover, we were not able to
judge the appropriateness of UTI treatment for one third (32.9%) of the patients because
they did not have susceptibility reports performed, revealing an alarmingly high rate of
inappropriate treatment of UTIs.

Among patients with available culture results prior to their discharge, 12.4% of them
did not receive any empiric antibacterial agents before the culture results were available,
which could worsen their conditions. A similar finding was reported in a study conducted
by Zhu et al. at a tertiary hospital in southern China, where 15.7% of the patients with
positive urine did not receive empiric treatment [18]. This delay in antibiotic administration
may negatively affect the outcome of the disease and increase the economic burden, as well
as having a greater influence on patient outcomes than the antibiotics resistance itself [19].

The remaining percentage of our study sample (87.6%) received empiric treatment.
Our results show that 26.8% of the prescribed empiric agents failed to have the appropriate
coverage of the identified pathogens, which negatively affected the health-related outcome
in these patients. According to a recent study conducted in Ireland, the insufficient manage-
ment of infections was associated with increased morbidity and death, while excessive or
inappropriate antibacterial use contributed to the emergence of the antibiotic resistance [20].

The purpose of sensitivity testing is to identify probable drug resistance in common
organisms and to ensure sensitivity to certain antibiotics [21]. In this study, 14.6% of
patients were found to be incorrectly treated empirically for their UTIs, since their identified
microorganisms were found to be resistant to the empiric agents they received, despite the
correct coverage. Moreover, only 13.4% of the study sample were appropriately treated
by receiving agents that were reported as “sensitive”. Similar findings were reported in
a study conducted in South Sudan, where only 21% of patients were found to have been
prescribed the appropriate antibiotic therapy [22]. Another study found a higher estimated
annual appropriate antibiotic prescription rate of 353 out of 506 antibiotic prescriptions per
1000 population [23].

Unfortunately, and against international recommendations, microbiological suscepti-
bility tests were not carried out for many of the studied patients, so we were not able to
report on the appropriateness of the prescribed empiric antibacterial agents in one third of
participating patients (32.9%) since they had no sensitivity testing. This percentage was
close to that reported by Tellado et al. where 46.8% of the patients did not have sensitivity
testing [24].

The overall level of the inappropriate management of UTIs in this study was high
(86.6%). The forms of inappropriate management were either in the form of insufficient
treatment of the condition, inappropriate coverage of the antibiotics, the resistance of the
identified microorganism to empiric therapy, or the lack of sensitivity testing. This large
percentage of inappropriate management of UTIs among study participants is substantial
and necessitates immediate attention as they are significantly higher than those reported
in other parts of the world. According to a recent study conducted in Spain, only 9 % of
patients received improper empiric antibacterial medication [24], while a study by Tünger
et al. at Celal Bayar university hospital in Turkey reported that incorrect empiric antibiotic
use was found in 54.3% of patients [25].

In our study, the majority of patients (69.5%) had only received one empiric antibacte-
rial medication. This is higher than the rates reported in a study conducted in Spain, which
reported that 45.2% of patients received a single antibiotic, and 48.9% received two antibi-
otics [24]. However, our results are similar to those reported by Tünger et al., performed
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where most patients received only one empiric antibiotic. In addition, they concluded that
the appropriate usage of antibiotics in patients who received mono empirical antibacterial
therapy was 49.4% [25]. In a study that compared cefepime as a mono-empiric antibacterial
agent with a combination of broad-spectrum antibiotics, it was found that cefepime was
similar to combinational therapy in terms of efficacy [26]. Another study was conducted in
Canada to compare the efficacy and outcome of meropenem and ciprofloxacin as empiric
therapy versus meropenem alone as monotherapy. They concluded in their randomized
clinical trial that meropenem monotherapy contributed to the same efficacy and outcome
as combinational therapy [27].

The results of our study show that ceftriaxone was the most commonly prescribed
empiric antibacterial agent (24.5%), and the predominant number of pathogens reported
were Gram-negative bacilli. E. coli was the most frequently reported pathogen according
to urine culture testing, followed by Enterococcus and Staphylococcus (29.5%, 17.8%, and
14.9%), respectively. This agreed with previous findings in the literature, which indicated
that E. coli was the most commonly identified Gram-negative bacteria in both hospitalized
and outpatient individuals with UTIs, and that ceftriaxone was one of the most commonly
prescribed antibacterial agents in empiric treatment [1]. However, a study in Singapore
aimed to identify if there was an association between the extensive use of empiric ceftriax-
one and the potential for resistance to develop; they concluded that ceftriaxone resistance
was found in 33.3% of the isolated E. coli species [28]. A similarly high rate of resistance was
reported in our study for ceftriaxone (35.3%). These results support what was previously
proposed, namely that the excessive use of antibacterial agents promotes and accelerates
the emergence of bacterial resistance [28].

Finally, this study has some limitations. Firstly, the patients’ data were obtained from
the database of a single tertiary center in Jordan (JUH), which cannot represent patients
nationwide and the results might not be generalizable. However, as the first study of its
kind in Jordan, and bearing in mind the observational type of the study, it is considered
satisfactory to provide background data at this stage. Secondly, the study revealed that an
alarmingly high percentage of patients (66.7%) with a positive urine culture were excluded
since they were discharged too early, before the availability of culture results. Thirdly, the
evaluation of the appropriateness of the UTI empiric treatment was judged based on the
empirical treatment and the diagnosis only, without knowing the history of the patient or
what drove the physician to prescribe a certain drug. Moreover, without knowing patient
medical history, it was not possible to evaluate the quality of the prescription according to
the clinical practice guidelines.

5. Conclusions

This study revealed an alarmingly high rate of inappropriate prescribing of empiric
antibiotics for treating UTIs, which encourages the emergence of bacterial resistance and
results in a deterioration in a patient’s outcome. Therefore, antimicrobial stewardship pro-
grams must be applied to optimize antibiotic consumption in hospital settings. Moreover,
standard treatment guidelines must be followed to reduce the irrational use of antibiotics
and the probability of developing antibiotic resistance.
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