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Abstract

Urinary Tract Infections (UTIs) are a widespread clinical issue in the community and one of the frequent causes of outpatient antibiotic use. The
phenomenon of antibiotic resistance is a major risk to the overall health of the world since it undermines the current treatment methods and increases
the chances of developing complications and death. This research seeks to gain insight into the local prescribing rate, study the nature of bacteria
associated with UTI, and assess the pattern of antibiotic resistance. The study was a retrospective and cross-sectional observational study involving
outcomes of urine culture on patients with UTI symptoms among four laboratories, as referred by 12 physicians in Duhok and Erbil.64% of the samples
of the urine culture produced gram-negative possibilities, and 36 percent produced gram-positive possibilities. Among the isolated gram-negative
pathogens, Escherichia coli was the commonest. Staphylococcus aureus was the most prevalent among the gram-positive isolates. Cefixime and
ciprofloxacin, along with nitrofurantoin, were the highly prescribed antibiotics. This indicated that resistance to amikacin (6%), levofloxacin (13%),
and nitrofurantoin (14%) was the lowest, with a large degree of intermediate sensitivity. This study showed that the incidence of growing resistance
to antibiotics by uropathogenic bacteria is worrisome with regard to commonly used antibiotics. The tendency of growing resistance highlights the

urgency of the need to increase antimicrobial stewardship and the necessity of new empiric treatment guidelines for UTIs.
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Introduction

UTIs are known to pose a significant health issue,
both at the individual health level (150 million cases
each year) and at the healthcare level (over 6 billion
US dollars) * 2. UTIs are classified as mild (including
cystitis), moderate (pyelonephritis), and severe
(sepsis) 3. UTIs with no complications are usually
observed in practice.

Among bacterial uropathogens, Escherichia coli,
Klebsiella pneumoniae, and Staphylococcus aureus
are the most frequently isolated pathogens, although
prevalence may vary by year and region® 2
Empirical prescribing practices for uncomplicated
UTIs often deviate from international guidelines, with
frequent use of broad-spectrum antibiotics and
prolonged courses, contributing to antimicrobial
resistance* °. The effectiveness of first-line
antibiotics in reducing UTI morbidity is well
established'®3”. However, the emergence of
antibiotic-resistant bacteria presents a significant
public health threat®.

While global data on antibiotic resistance in UTIs are
extensive, limited regional surveillance exists in Iraq
and particularly in the Kurdistan Region. In Iraq, and
especially in the Kurdistan Region, data on the
antibiotic susceptibility of uropathogens are scarce.
7-11 Local studies have reported varying resistance
rates to frequently used antibiotics’-°. An impressive
sketch of worldwide and national prescribing trends
indicates that empiric therapy and abuse are
widespread, which is why the local evidence should
be incorporated in treating the patient. This paper
seeks to outline the current trends in the prescription
of uncomplicated UTIs, characterize the infective
bacteria involved, and assess their level of antibiotic
susceptibility in Duhok and Erbil. The results should
serve to improve the formulation of the locally
relevant treatment guidelines.

Materials and Methods
Study design and objectives

The study was done through a two-faceted
observational study during the period May 1 to
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November 15, 2024. The main objective of the study
was to describe the practices of the prescribing of
antibiotics by physicians, and the profile of
antimicrobial resistance of uropathogens that cause
uncomplicated urinary tract infections. Further, the
data on prescribing and laboratory outcomes were
also compared on a descriptive basis to determine
whether there were some patterns between the
prescribing practices of physicians and the rate of
resistance that were observed, but never subjected to
any statistical test.

Setting and participants

The former aspect was undertaken in two main
health centers, three family-based medicine centers,
and one urology specialist center in the cities of
Duhok and Erbil, Kurdistan Region. Twelve doctors
participated and documented the information of
about 25 patients. 294 patients were included after
the exclusion of six patients who did not fit the
inclusion criteria. The criteria used in eligibility were
adults (>18 years) with dysuria, frequency, or
discomfort in the bladder. The exclusion criteria were
indwelling catheters, anatomic abnormalities, and
pregnancy. The sample size was calculated and
selected according to the possibilities and means, not
by means of formal power calculation.

The second dimension encompassed 390 urine
culture outcomes that were acquired as a
convenience, which were taken at governmental and
private labs in the identical urban centers. No other
criteria of selection were used.

Data collection and laboratory analysis

Structured forms were used so that physicians could
gather non-identifiable patient data. Urine cultures
and antimicrobial susceptibility testing were done as
per the normal laboratory practices. There were both
intermediate resistant and fully resistant isolates.
According to the CLSI guidelines, resistance,
sensitivity, and intermediate sensitivity (S/I/R) were
defined. The pre-defined variables, such as the
definition of uncomplicated UTI and the list of
antibiotics discussed in this study, were pre-defined
to make it reproducible.
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Data summary

Result summarization was done the Microsoft Excel.
Frequencies and percentages have been used to
report the prescribing patterns as well as the rate of
resistance. Calculations were not done in cases where
data were missing or incomplete. There were no
inferential statistical tests because this was a
descriptive study.

Ethical considerations

The code requested the ethical approval of the
Kurdistan Higher Council of Medical Specialties (Code
1362, May 15, 2024). The informed consents were
written and informed to all participating physicians.
There were no identifiers of a patient, and the use of
anonymized data led to the waiving of the individual
patient consent.

Results

A total of 294 outpatients were included, with 220
(75%) females and 74 (25%) males. Fifty patients
were from Erbil, and the remainder from Duhok. Each
patient was diagnosed with UTI based on clinical
symptoms and =5 pus cells/HPF in general urine
examination. Antibiotics were prescribed for 3-14
days (median 6 days), most commonly
nitrofurantoin, and least commonly cefdinir (Figure
1), indicating prescription preferences. Urine culture
and sensitivity were obtained from 390 outpatients,
with 64% Gram-negative and 36% Gram-positive
bacteria.
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Figure (1): Number of prescribed antibiotics among
patients with UTIs

Among the bacterial isolates, Escherichia coli was the
most frequent, followed by Staphylococcus aureus,
Klebsiella pneumoniae, and Pseudomonas
aeruginosa. Less common pathogens, including
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Streptococcus spp., Proteus sp. and rare isolates
(<2%), including Enterobacter and Bacillus, were
also present. Detailed distribution is shown in Figure

(2).

Bacteria in urine cultures

5 1 1

(‘

= E.coli

= S.aureus

= K.pneumoniae
P.aeroginosa

= Streptococcus

u Proteus

= Enterobacter

= Bacillus

Figure (2): Number of bacterial isolates in urine cultures

The antibiogram of E. coli isolates in Figure (3) E. coli
isolates exhibited the highest resistance to
cephalexin, amoxicillin, and cefixime, while amikacin
showed the lowest resistance and highest sensitivity.
However, all antibiotics demonstrated low
sensitivity.
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Figure (3): Antibiotic susceptibility profile of E. coli
isolates

The antibiogram of K. pneumonia isolates are shown
in Figure (4). K. pneumonia exhibited complete
resistance to amoxicillin and low sensitivity to all
tested antibiotics.

Antibiogram of Klebsiella isolates
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Figure (4): Antibiotic susceptibility profile of Klebsiella
isolates
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The antibiogram of P. aeruginosa Figure (5). P.
aeruginosa exhibited the highest resistance to
amoxicillin, cephalexin, and cefixime, whereas
amikacin showed the lowest resistance and highest
sensitivity at 70%.

Antibiogram of Pseudomonas isolates
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Figure (5): Antibiotic susceptibility profile of
Pseudomonas isolates

The antibiogram of Proteus sp. is illustrated in Figure
(6). Proteus spp. exhibited complete resistance to
amoxicillin, cefixime, and doxycycline. In contrast, the
isolates retained good susceptibility to gentamicin,
ciprofloxacin, and nitrofurantoin, with these agents
showing the highest sensitivity rate (90%).
Trimethoprim-sulfamethoxazole and levofloxacin
showed no resistance, although the former displayed
only intermediate sensitivity.

Antibiogram of Proteus isolates
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Figure (6): Antibiotic susceptibility profile of Proteus
isolates

The antibiogram of S. aureus is displayed in Figure
(7). S. aureus exhibited considerable resistance, with
all antibiotics showing over 30% resistance.
Amikacin demonstrated the highest susceptibility at
40%.
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Antibiogram of S. aureus isolates
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Figure (7): Antibiotic susceptibility profile of
Staphylococcus aureus isolates

The antibiogram of Streptococcus is shown in Figure
(8). Streptococcus sp. exhibited high resistance, with
all antibiotics showing resistance rates of 30% or
higher. Amikacin demonstrated the highest
susceptibility at 60%.

Antibiogram of Streptococcus isolates

acis
Amoxicillin-Clavulanic acid

= Sensitivity (%) = Medium Sensitivity (34) Resistance (%)

Figure (8): Antibiotic susceptibility profile of
Streptococcus isolates

The antibiogram of uropathogens isolated from all
collected cultures is illustrated in Figure (9). Overall,
uropathogens isolated from all cultures exhibited the
highest resistance to amoxicillin, followed by
cefixime and doxycycline. Nitrofurantoin showed the
highest susceptibility at 54%, while amikacin and
levofloxacin also demonstrated favorable activity.
Nitrofurantoin, being the most prescribed antibiotic,
showed the highest susceptibility, suggesting partial
alignment between prescribing patterns and
observed resistance.
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Figure (9): Combined antibiotic susceptibility profile of
all urine culture pathogens

Discussion
1.Summary of key findings

Simple UTIs continue to be a challenge to manage.
Internationally, guidelines recommend several
antibiotics as first-line treatment for UTIs, including
nitrofurantoin, trimethoprim-sulfamethoxazole (if
local resistance is less than 20%), fosfomycin, and
pivmecillinam®2. In this study, high resistance rates to
some of these drugs were demonstrated. Resistance
to trimethoprim-sulfamethoxazole was observed,
along with significant intermediate sensitivity,
making it not an ideal empiric treatment choice.
Furthermore, while nitrofurantoin demonstrated a
resistance rate of 14%, it had a sensitivity rate of only
54%, similar to the 57% reported in a previous
study®®. This finding suggests that nitrofurantoin
may have reduced effectiveness as a first-line drug in
Kurdistan and should be interpreted with caution.
High resistance to some of these first-line drugs has
also previously been reported in this region and

elsewhere''.  This  inconsistency = between
international recommendations and local
effectiveness raises questions about empirical

management. It is possible that recommending
medications not commonly used locally, such as
fosfomycin or pivmecillinam, may help address this
gap. In this study, no doctor prescribed fosfomycin,
and no laboratory performed sensitivity testing for
this drug, though it is a recommended first-line agent
for treating UTI and is available. Further research on
fosfomycin would be beneficial in light of the growing
resistance to other common antibiotics.

2. Comparison with Literature

This may be attributed to non-standard prescribing
habits. For example, in this study, there were
instances of physicians prescribing two antibiotics
for simple UTIs, as well as physicians prescribing
respiratory quinolones for UTIs. Additionally,
parenteral antibiotic use was commonly observed
(i.e, gentamicin, amikacin, ceftriaxone). Another
surprising finding in this study was the frequency of
cefixime use as a first-line treatment for UTIs despite
the extremely high resistance to it. Although
inappropriate prescribing was observed, a basic
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comparison between the most commonly used
antibiotics and their corresponding resistance rates
suggests a potential relationship between prescribing
patterns and local antimicrobial resistance.
Nevertheless, this correlation could not be quantified
for accurate estimation and measurement within the
present study design. The variations demonstrate the
disconnect between the clinical practice and
microbiological evidence. Various causes can be the
causes of non-standard prescribing patterns, such as
a lack of knowledge by physicians of the local
resistance trends, the non-standard antibiotics are
readily available, and the patients require the
treatment fast. The outcomes of such practices may
be detrimental, such as the development of
antimicrobial resistance and a subsequent rise in
healthcare expenses, since alternative treatment
methods or hospitalization are necessary. To resolve
this problem, it is important to improve the education
of physicians regarding antimicrobial stewardship,
introduce protocols according to which the choices of
antibiotics have to be made based on the local culture
and sensitivity data. Monitor the practice of
prescription in the healthcare facilities in order to
ensure the rational and effective use of antibiotics,
and limit the ability of patients to freely buy
antibiotics without a prescription from a physician.

The most widespread causative agents of UTIs are
gram-negative bacteria’” **-'°. Among gram-negative
bacteria, E. coli was the most prevalent in this study,
which is in line with previous studies?°-?3. In the
present study, S. aureus was the second most
common pathogen identified. This finding differed
from the outcomes of most other studies that found
K. pneumoniae as the second most common
uropathogen 3 ?*-28_ While UTIs caused by S. aureus
can sometimes be warning signs of more serious
conditions, these isolates may reflect contamination
or colonization rather than true infection®®.

The lack of providing patients with instructions or
wipes for obtaining clean-catch urine samples may
contribute to this finding, potentially increasing the
number of gram-positive urine cultures seen
regionally. Future studies should validate this
observation using standardized clean-catch urine
collection protocols. If a high rate of S. aureus or other
gram-positive UTIs persists despite proper sampling,
this should prompt further reconsideration of the
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optimal empiric antibiotic for the region.

In this study, the lowest resistance rates were to
levofloxacin (13%) and amikacin (6%). This is similar
to the resistance rates reported in other studies ° #°-
33, This may highlight the need to re-evaluate,
including levofloxacin as a first-line agent in
Kurdistan. Amikacin has remained more effective in
UTI cases. This should be the last option of treatment
because of its parenteral administration, as
recommended by only culture-confirmed and
clinically resistant cases. The resistance rates of K.
pneumoniae to nitrofurantoin (30%) and
trimethoprim-sulfamethoxazole (50%) are generally
consistent with other studies in the present
study?.141532 34, 35 namely, the fact that the said
antibiotics are not 100 percent effective in the local
area is not new. Nevertheless, P. aeruginosa showed
greater resistance rates to these drugs than other
research articles did 71415323436, The findings enable
the significance of culture-directed treatment as
opposed to evidence-based treatment3.

Take-home message

The interventions that are suggested to enhance the
empiric management of UTIs in Kurdistan and
minimize the problem of antibiotic resistance are as
follows:

1. Introduce the method of prescription-only
dispensing of antibiotics to prevent self-medication.

2. Local guidelines on the treatment of UTI according
to regional patterns of resistance.

3. Increase culture and sensitivity testing, organized
culture and sensitivity testing, and reporting.

Study limitations

It is necessary to take into consideration the
limitations of the study before analyzing such
findings. The few samples used of 12 doctors and 4
laboratories restrict this study. Moreover, 2 doctors
were considered only out of the city of Erbil, and none
out of other big cities, which can diminish the
extrapolation possibilities of these results. The other
weakness is that urine samples were retrieved in
laboratories through convenience sampling and were
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not associated with the assessed patients, which
restricted the effectiveness of comparing the results
of bacterial analysis to the clinical conditions. To
allow more clinically relevant and generalizable
findings, future research should cover a larger and
more varied sample size in different areas and sample
systematically, in addition to the data of the patients.

Conclusion

The paper illustrates a very high proportion of
antibiotic resistance in UTI-related pathogens in the
Kurdistan region, where E. coli toxins are the most
prevalent than S. aureus. The high prevalence of S.
aureus isolates implied that the prevalence of
contaminated urine cultures is high; this is the reason
why better strategies to collect and handle the
specimen are required. The results of the study
highlight the necessity of more regional surveillance
and stewardship of antibiotics and the necessity of a
new empiric treatment regimen of uncomplicated
UTIs in the Kurdistan Region.

Conflict of interest: The authors state that they do
not know of any conflicts of interest, financial or
otherwise.
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