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Abstract

Objective: Overuse of antibiotics has led to an increase in antimicrobial resistance (AMR]

worldwide, with a negative impact on the healthcare system and the patients. In this context,

our study aims to assess the current AMR patterns of urinary tract infections (UTls) associated

to Gram-negative bacteria. Thus, we provide useful information for doctors dealing with

prophylactic and therapeutic empiric therapies.

Materials and methods: We retrospectively analysed more than 650,000 urine cultures

collected in the Microbiology Department of a referral University Hospital of Southern England

from January 2014 to December 2022.

Results: AMR spectra for 164,059 Gram-negative associated (UTIs) were analysed. The

lowest percentage of resistance was found for Amikacin (2.30%), Gentamicin (5.89%]) and

Co-Amoxiclav (10.49%). Over a 9-year time, there was no significant change in resistance to

Amikacin (2.04% in 2014 compared to 2.18% in 2022; p=0.602) and to Fosfomycin (11.50%

in 2014 versus 16.65% in 2022; p=0.577). Overall, the trend of AMR significantly rose for

Cefalexin (17.96-18.42%; p <0.0001), Co-amoxiclav (9.46-12.69%; p <0.0001), Nitrofurantoin

(10.20-14.18%; p <0.0001) and Piperacillin/Tazobactam (14.52-18.96%; p < 0.0001). Gram-

negative resistance spectrum towards Ciprofloxacin (11.83-9.01%; p <0.0001), Gentamicin

(6.29-5.26%; p <0.0001), Pivmecillinam (26.88-11.02%; p < 0.0001), Trimethoprim (36.72-

29.23%; p<0.0001) and Ampicillin/Amoxicillin (65.20-57.99%; p < 0.0001) significantly

decreased.

Conclusion: Despite the application of national and international guidelines for prophylaxis

and treatment of UTls, the spectrum of resistance for the most common antibiotics is still

changing. Clinicians in primary and secondary care must keep that in mind when prescribing

antibiotics for suspected UTIl and sepsis associated with Gram-negative infections Up-to-date

therapeutic strategies can help implement treatment of UTI, reducing selection of multi- Correspondence to:
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the guidelines updated.

is still changing. Clinicians in primary and secondary care must keep that in mind when
prescribing antibiotics for suspected urinary tract infections and sepsis associated with
gram-negative bacteria. Up-to-date therapeutic strategies can help implement treatment
of urinary tract infection, reducing selection of multi-resistant pathogens and providing
more accurate care for patients. Future studies will be required to help clinicians and keep
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Introduction

Antimicrobial resistance (AMR) is an increasing
global health problem, leading to difficulties in
treating complex urinary tract infection (UTI)
due to poor sensitivity for the most common anti-
biotics.»? The development of antibiotic resist-
ance among common pathogens has been
associated to overuse of antibiotics worldwide,
with increasing difficulties in empirically treating
complex UTTs. The burden of AMR appears par-
ticularly heavy when treating UTIs caused by
gram-negative bacteria (GNB), microorganisms
that have significant clinical importance in hospi-
tals because they can potentially put patients in
the intensive care unit, and lead to high morbidity
and mortality.> Especially common in young
women, GNB have a range of mechanisms that
make them resistant to the action of several anti-
microbials routinely used in primary and second-
ary care. Among those mechanisms, the presence
of efflux pumps degradation enzymes, the ability
to modify the drug binding site and membrane
permeability, and the conformational change of
the drug culminating in its inactivation are of
note.*

Antibiotic guidelines have been developed to
facilitate antibiotic stewardship by encouraging
the prescription of narrow-spectrum antibiotics,
reducing microbial selection and preventing the
development of multi-resistant infections related
to broad-spectrum antibiotic use.>

Antimicrobial stewardship can be described as
the strategic selection, dosing, and timing of anti-
microbial therapy to achieve the most favourable
clinical outcomes in infection treatment or

prevention, whereas minimizing harm to the
patient and the development of antibiotic resist-
ance. These programmes play a crucial role in
encouraging the judicious utilization of antibiot-
ics, thereby decreasing their consumption and
alleviating the associated financial burdens.® To
ensure continued efficacy and appropriate antibi-
otic choice, empirical antimicrobial guidelines
require ongoing review of antibiotic susceptibility
trends in local high-volume centres. The risk of
choosing an inefficient antibiotic and increasing
the resistance of pathogens represent a real bur-
den with harmful consequences for patients.”
AMR makes it difficult to properly treat complex
urinary infections, with the need of longer and
more aggressive therapy that can have a negative
impact on both the patient and healthcare sys-
tems.® Moreover, with an increasing number and
frequency of multi-resistant microbial species
found in urine cultures, the most common types
of antibiotics may not be able to act promptly and
prevent the onset of sepsis, especially in the high-
risk population.®

In the context of a growing interest towards anti-
biotic stewardship, alongside a larger impact of
multi-resistant pathogens on our healthcare sys-
tem, the importance of updated reports on antibi-
otic sensitivity and resistance is undeniable.
However, these AMR patterns have not been
thoroughly reported recently, leaving a gap in
clinical guidance that needs to be filled. To this
aim, we performed a retrospective analysis of the
resistance patterns of GNB towards the most
commonly used antibiotics in a high-volume ter-
tiary referral university hospital over the last
9years. Our study stands in the-objective of
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updating on the AMR trends, assessing the cur-
rent efficacy of antibiotics for empirical treatment
and prophylaxis of gram-negative related UTIs.

Materials and methods

Urine culture analysed in the microbiology
department at University Hospital Southampton
(UHS) from January 2014 to December 2022
were retrospectively collected. Geographically
located in southern England, UHS Foundation
Trust provides services to some 1.9 million people
living in Southampton and south Hampshire as
well as nearly 4 million people in central southern
England and the Channel Islands. With a high
turnover, UHS is one of the largest trusts of the
United Kingdom.

A continuous collection of specimens sent for cul-
ture to the hospital was performed during the
timeline. For each specimen, the origin (primary
or secondary care), kind of specimen (mid-stream
urine, catheter bag), patient’s characteristics (age,
sex) and date of collection were recorded. To
avoid over-analysis of similar specimens in
patients with recurrent UTTs, urine samples from
the same patient in a period shorted than 3 months
were excluded from the study, including only the
first sample. Urine samples were tested for patho-
gens growth. GNB included in our analysis were
(alphabetic order): Acinetobacter, Escherichia coli,
Haemophilus, Klebsiella, Morganella, Neisseria,
Salmonella, Serratia marcescens, Pseudomonas and
Proteus.'®° The term Enterobacteriaceae was used
to label the growth of multiple pathogens belong-
ing to the family of bacteria.

Given the frequent necessity to treat UTIs with
suspected origin from GNB, in accordance with
the European Association of Urology (EAU) and
The National Institute for Health and Care
Excellence (NICE) guidelines, eleven antibiotics
were selected for our study. Sensitivity and resist-
ance spectrum towards GNB was reviewed
and reported for (alphabetic order): Amikacin,
Ampicillin/Amoxicillin, Cefalexin, Ciprofloxacin,
Co-Amoxiclav, Fosfomycin, Gentamicin,
Nitrofurantoin, Pivmecillinam, Piperacillin/
Tazobactam and Trimethoprim.

Urine samples were analysed for pathogen growth
primarily with semi-automated Microbiological
Antibiotic Sensitivity Testing (MAST) urine cul-
ture, European Committee on antimicrobial

susceptibility testing (EUCAST) disc sensitivity
was then applied to further test resistant organ-
isms. Our microbiology laboratory is accredited
by the United Kingdom Accreditation Service
(UKAS), the leading accreditation body in the
United Kingdom. The laboratory maintained full
accreditation with UKAS during the study period.
Most European microbiology laboratories follow
EUCAST, including the Microbiology laboratory
at UHS. The antibiotic breakpoint tables are
updated yearly, starting from EUCAST breakpoint
table Version 1.0 in 2010 to EUCAST breakpoint
table Version 13.0 for the year 2023. During the
study, the most up-to-date version of the EUCAST
breakpoint table for the year of antibiotic sensitivity
was used for susceptibility testing.

All samples analysed over the 9-years were col-
lected in an excel database (Excel 2021, Microsoft
Office Professional Plus 2021, Microsoft
Corporation, Inc.) and classified according to
positivity and pathogen characteristics. For gram
negative bacteria we recorded the antibiotic sensi-
tivity and data were further analysed through
XLSTAT (XLSTAT statistical software for
Microsoft Excel, Lumivero). For each antibiotic,
trend in resistance was calculated using the
Cochran-Armitage test for trend carried out at
the 5% level to determine any significant change
in resistance patterns. Significant positive or neg-
ative trends were then discussed during the multi-
disciplinary-team meeting to establish protocols
and stratify the role of antibiotic management
inside our hospital and to formulate regional
guidelines.

Our study was registered as an internal audit at
UHS (audit registration: UHS7670). It was
descriptive and retrospective in nature, and did
not influence the clinical management of patients
included. Data were strictly anonymised, by
assignment of unrecognizable random codes for
each specimen.

Results

Over 9years of analysis, the Microbiology
Department collected over 650,000 urine sam-
ples. Of them, 164,059 cultures were found posi-
tive for GNB growth. According to the origin of
the sample, 46,029 were recorded from secondary
care, 118,023 from primary care and the rest of
the sample were not labelled according to the
source. The female:maleratiowas 129,347:34,712.
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Table 1. Demographic characteristics and source of origin for urine samples provided to the microbiology

department during the timeline.

Demographic Characteristics

Female

Male

Total

Type of urine sample
Catheter urine
Midstream urine

Source of the sample
Primary care
Secondary care
Accident and emergency
Day patient
In-patient
Other hospital
Unknown source

Total

6266 (47.31%)
123,081 (81.61%)

97,213 (82.37%)
32,128 (69.80%)
6517

8719

16,779

113

6

129,347

6981 (52.69%)
27,731 (18.39%)

20,810 (17.63%)
13,901 (30.20%)
2881

2314

8662

44

1

34,712

13,247 (8.07%)
150,812 (91.93%)

118,023 (71.94%)
46,029 (28.06%)
9398

11,033

25,441

157

7 (<0.01%])
164,059

The collected samples were obtained more fre-
quently from midstream urine (150,812) than
from catheters (13,247). Table 1 summarizes
demographics and sources of the samples.

For each sample, the spectrum of antimicrobial
susceptibility was analysed and reported accord-
ing to the standard EUCAST Breakpoints-
based methods. As the standard antimicrobial
susceptibility pattern of analysis changed during
the period of inclusion, some antibiotics were
tested less frequently than others. The percentage
of antimicrobial-resistant bacteria for each sub-
group was then calculated according to the total
of tested samples for each antibiotic (Figure 1).

Lookingatdatafrom 2022, Amikacin (R=2.18%),
Gentamycin (R=5.26%) and Ciprofloxacin
(R=9.01%) were the antibiotics with the lowest
level of resistance patterns from GNB. Pivmec-
illinam (R=11.02%), Co-Amoxiclav (R=
12.69%), Fosfomycin (R=13.65%), Nitro-
furantoin (R=14.18%), Cefalexin (R=18.42%)
and Piperacillin/Tazobactam (R=18.96%) had
an overall percentage of resistance of <20% in
2022, with good clinical applicability. On the
contrary, the higher level of AMR in 2022 was

reported for Ampicillin/Amoxicillin (R=57.99%)
and Trimethoprim (R=29.23%). Of note,
Amikacin, that obtained the lowest resistance
spectrum was tested very infrequently, in less
than 1% of the samples.

During the 9-year timeline, the trend of resistance
did not change significantly for Amikacin
(increase: +6.42%; p=0.602) and Fosfomycin
(decrease: —13.55%; p=0.577). A positive trend,
with a significant decrease in the percentage of
AMR was found towards Pivmecillinam
(decrease: —142.92%; p<<0.001), Ciprofloxacin
(decrease: —31.30%; p<<0.001), Trimethoprim
(decrease: —25.62%; p<<0.001), Gentamycin
(decrease: —19.58%; p<<0.001), Ampicillin/
Amoxicillin  (decrease: —12.43%; p<<0.001).
With a negative correlation, Nitrofurantoin
(increase: +28.07%; p<<0.001), Co-Amoxiclav
(increase: +25.45%; p<<0.001), Piperacillin/
Tazobactam (increase: +23.42%; p<<0.001) and
Cefalexin (increase: +2.50%; p<<0.001) had an
increasing resistance comparing data collected
from 2014 and 2022.

According to our results, the ‘golden antibiotics’
with a decreasing trend of resistance and an
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Figure 1. Microbial resistance patterns towards the eleven antibiotics considered in the study is highlighted

and marked with the corresponding percentage.

adequate overall percentage of efficacy towards
GNB are Ciprofloxacin, Fosfomycin, Gentamycin
and Pivmecillinam. Table 2 summarizes the
AMR results.

An observational analysis of the different species
of GNB found in positive urine cultures was per-
formed. As shown in Table 3, Escherichia coli was
by far the most common GNB isolated, represent-
ing for more than 89% of the total positive sam-
ples. Proteus, Pseudomonas and Klebsiella accounted
for slightly less than 10%, and the rest of the GNB
species were found only occasionally.

Discussion

The increasing trend of AMR is a global health-
care problem, with large impact on primary and
secondary care. The excessive and sometimes
incorrect utilization of antibiotics as treatment or
prophylaxis for UTIs, make up to 20%-50% of
all prescribed antibiotics in acute care,!! has led
to increasing pattern of resistance towards the
most commonly used antibiotics. Hence, the
important role of National and International
guidelines that would indicate the most appropri-
ate first-line treatments cannot be stressed
enough. United Kingdom, United States of
America, South Africa, Colombia and Australia
have incorporated Antimicrobial Stewardship

programmes in their healthcare systems,!? involv-
ing both infection specialists and other health
professionals, including nurses, community
health workers and pharmacists, to meet the
needs of the global population.

GNB represent an important percentage of bacte-
ria responsible for AMR, due to their ability to
escape treatment.!> In the United Kingdom,
healthcare-associated risk factors for GNB-
related UTIs can be addressed as the presence of
foreign bodies (i.e. urinary catheters, urinary
tracts drainages as stents and nephrostomies,
indwelling vascular access devices), history of
recent invasive procedures (i.e. endoscopic pro-
cedures, prostate biopsy, surgery especially of the
gastrointestinal tract), neutropenia, history of
hospital admission or antimicrobial therapy in the
previous 28days.'* When empirically treating
UTI in presence of these risk factors, it is impor-
tant to remind of the possible resistance spectrum
of GNB.

The EAU guidelines recommend Ciprofloxacin
as the first-line of treatment (parenteral and oral)
for pyelonephritis.’> Our results show that in
2022 the overall percentage of AMR towards
Ciprofloxacin is still low at 9%. To add value to
the role of this antibiotic, its trend in resistance is
decreasing, and that can possibly be related to the
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Table 2. Analysis of AMR towards the 11 antibiotics selected, year by year. Significant p values for changes in trend.

Year 2014 2015 2016 2017 2018 2019 2020 2021 2022 Total Trend
analysis

Gram-negative 18,052 18,811 19,114 18,614 18,522 19,655 15,689 17,472 18,130 164,059

(number/yr)

Amikacin 17 (837) 14 (917) 28 (846) 24.(912) 25(1223) 27 (1502) 28 (1039) 30 (1050) 27 (1238) 220 (9561)  p=0.602

resistance

(%) 2.04 1.53% 3.31% 2.63% 2.04% 1.80% 2.69% 2.86% 2.18% 2.30% +6.42%

Ampicillin/ 11,525 12,140 12,496 11,979 11,526 11,375 10,154 11,511 10,494 103,200 p<0.001

amoxicillin (17,676) (18,521) (18,862) (18,406) (18,370) (19,428) (15,594) (17,435) (18,095) (162,387)

resistance

(%) 65.20% 65.55% 66.25% 65.08% 62.74% 58.55% 65.11% 66.02% 57.99% 63.55% -12.43%

Cefalexin 3173 3269 3229 3147 3007 3284 3284 3589 3326 29,308 p<0.001

resistance (17,666) (18,505) (18,854) (18,402) (18,365) (19,276) (15,593) (17,433) (18,056) (16,2153)

(%) 17.96% 17.66% 17.13% 17.10% 16.37% 17.04% 21.06% 20.59% 18.42% 18.07% +2.50%

Ciprofloxacin 2091 2171 2234 2100 2072 2359 1710 1547 1630 17,914 p<0.001

resistance (17,675) (18,521) (18,862) (18,507) (18,371 (19,436) (15,589) (17,421) (18,094) (162,376)

(%) 11.83% 11.72% 11.84% 11.41% 11.28% 12.14% 10.97% 8.88% 9.01% 11.03% -31.30%

Co-amoxiclav 1670 1521 1810 1915 1802 2237 1814 1887 2253 16,909 p<0.001

resistance (17,662) (18,430) (18,705) (18,273) (19,356) (19,356) (15,483) (17,369) (17,755) (161,201)

(%) 9.46% 8.25% 9.68% 10.48% 9.92% 11.56% 11.72% 10.86% 12.69% 10.49% 425.45%

Fosfomycin 86 (555) 94 (640) 48 (333) 62 (819) 71 (821) 92(1097)  108(861) 98 (632) 217 (1590) 876 (7357)  p=0.577

resistance

(%) 15.50% 14.48% 14.61% 7.57% 8.65% 8.39% 12.54% 15.51% 13.65% 11.91% -13.55%

Gentamycin 1112 1106 1118 1029 1135 1336 955 821 953 (18,107) 9565 p<0.001

resistance (17,673) (18,518) (18,862) (18,405) (18,372) (19,435) (15,597) (17,443) (162,412)

(%) 6.29% 5.97% 5.93% 5.59% 6.18% 6.87% 6.12% 4.71% 5.26% 5.89% -19.58%

Nitrofurantoin 1803 2043 2106 2066 1995 2166 2218 2505 2564 19,466 p<0.001

resistance (17,672) (18,509) (18,856) (18,498) (18,354) (19,432) (15,593) (17,435) (18,088) (162,337)

(%) 10.20% 11.04% 11.17% 11.23% 10.87% 11.15% 14.22% 14.37% 14.18% 11.99% +28.07%

Pivmecillinam

175 (651) 95 (652) 134 (685) 131 (763) 135 (810) 147 (1091)

101 (824) 102 (605) 173 (1570) 1193 (7651)  p<0.001

resistance

(%) 26.88% 14.57% 19.56% 17.17% 16.67% 13.47% 12.26% 16.86% 11.02% 15.59% ~143.92%

Piperacillin/ 198 (1364)  127(1292) 129 (1444)  117(1375) 206 (1340) ~ 251(1486) 136 (1011) 167(958)  225(1187) 1556 p<0.001

tazobactam (11,557)

resistance

(%) 14.52% 9.12% 8.93% 8.51% 15.37% 16.89% 13.45% 17.43% 18.96% 13.46% +23.42%

Trimethoprim 6490 6823 6822 6524 6129 6359 5107 5301 5288 54,843 p<0.001

resistance (17,672) (18,513) (18,856} (18,401)  (18,364) (19,425) (15,590 (17,435)  (18,090) (162,346)

(%) 36.72% 36.86% 36.18% 35.45% 33.38% 32.74% 32.76% 30.40% 29.23% 33.78% -25.62%
lower usage of Quinolones as first-line treatment still high percentage of microbial resistance. Being
of uncomplicated UTIs.!® Trimethoprim is cate- indicated as first-line treatment of UTI in the
gorized as another possible option in the oral male population, further analysis would be useful
treatment of uncomplicated pyelonephritis,!” but  to better assess Trimethoprim efficacy.
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Table 3. Prevalence of the different gram-negative species, with the respective increase from 2014 to 2022.

Year Acinetobacter  Enterobacteriaceae  Escherichia coli Haemophilus  Klebsiella ~ Morganella Neisseria Salmonella Serratia Pseudomonas Proteus
marcescens

2014 33 66 16,280 0 173 14 0 0 6 671 809

2015 21 64 17,081 2 94 18 1 0 7 698 825

2016 28 49 17,336 0 108 13 1 0 1 620 948

2017 24 68 16,758 0 137 9 0 0 12 751 855

2018 13 84 16,752 0 216 15 0 1 16 607 818

2019 15 101 17,506 0 366 38 0 0 21 703 905

2020 23 76 13,655 0 281 39 0 0 36 728 851

2021 20 91 15,493 0 264 51 0 1 34 762 756

2022 18 135 16,006 0 282 55 1 0 36 849 748

Total 195 734 146,867 2 1921 252 8 2 179 6389 7515

Percentof  -83.33% 51.11% -1.711% 0% 38.65% 74.55% 100.00% 0% 83.33% 20.97% -8.16%

total GNB

Increase 0.119% 0.447% 89.521% 0.001% 1.171% 0.154% 0.002% 0.001% 0.109% 3.894% 4.581%

from 2014

to 2022

Piperacillin/Tazobactam and Gentamycin are
considered as a second-line parenteral treatment
of pyelonephritis and as a first option for the
management of urosepsis!® and they both show a
very good sensitivity pattern in our analysis.
Piperacillin/Tazobactam shows an increasing
trend of resistance, with a high mean level
of GNB-related resistance. In the next years, it
will be of importance to continue monitoring its
trend and the overall percentage of resistance.
Gentamycin is still showing a good pattern of
resistance with a decreasing trend, characteristics
that underscore the reliability of this antibiotic for
the treatment of hospitalized patients.

Fosfomycin and Nitrofurantoin both represents
good options for treating uncomplicated cystitis
in women, with a low level of overall resist-
ance.!%20 The rising trend of microbial resistance
showed towards Nitrofurantoin might be related
to the increasing number of prescriptions in the
past few years.?! Being an efficient and low-risk
antibiotic, its application has been understanda-
bly broad, but it may at the same time lead to a
wider resistance pattern from GNB.22

According to EAU guidelines, Co-amoxiclav is
usually limited as association therapy (combina-
tion of two or more different antibiotics)

or non-empirical treatment according to urine
culture sensitivity pattern.!” In the NICE guide-
lines instead, Co-amoxiclav represents the first-
line antibiotic for parenteral treatment of
pyelonephritis in non-pregnant women and men
aged 16years and over.?? Our study shows that its
resistance spectrum is still low, with a slow
increasing trend that is expected to keep
Co-amoxiclav in a good-efficiency range for at
least a few more years. This pattern reflects the
know efficacy of Co-amoxiclav in the United
Kingdom population.

Our study reports on the trend of the population
of Hampshire, covering the Southern Regions of
the United Kingdom. Analysing the massive
amount of urine cultures collected by our univer-
sity hospital, we were able to provide a high-vol-
ume study with hundreds of thousands of
GNB-positive samples, reflecting the current sit-
uation in clinical practice. The role of antibiotic
stewardship should be fully embraced and incor-
porated in primary and secondary care.?* The
first choice of treatment, often provided by gen-
eral practitioners, or physicians in care home and
community care, is at the front line for providing
the most adequate type of antibiotic in the
suspect of a clinically relevant infection of the uri-
nary tract.?> Overtreatment of asymptomatic
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bacteriuria could be harmful for patient without
risk factors and moreover in patients with recur-
rent UTIs, leading to higher rates of AMR.26:27
When treating a clinically significant infection, it
is important to consider common resistance pat-
terns of the most frequently responsible bacteria
among the specific population, for example
patients with risk factors as the presence of
indwelling catheters, ureteric stents, recent surgi-
cal intervention or antibiotic therapy.

Although our study provides new and updated
information on changes and trends in AMR, ana-
lysing a very large number of urine cultures from
a wide cohort of patients, there are some limita-
tions that needs to be addressed. Firstly, the ret-
rospective nature of the study, with the consequent
missing data on patient’s characteristics that
could have been useful. Some additional informa-
tion, such as the presence of risks factors that
might influence the growth of resistant GNB have
not been retrieved for all patients, and therefore
not included in our analysis. Further studies on
our cohort may be able to fill the gaps and provide
insight on resistance patterns in specific popula-
tion. Moreover, we are aware of the possible bias
given by the fact that a large number of patients
with uncomplicated UTI can be successfully
treated with empiric therapy in the community.
Cases not requiring urine culture to identify the
pathogen and provide a sensitivity spectrum have
not been included in our analysis. This represents
a limitation of the study, as the exact prevalence
of GBN-related UTTIs might be slightly different
in the whole population. Nevertheless, given the
large cohort and amount of resistance spectra
included in the analysis, we believe it to be reflec-
tive of the current situation in southern England.

With this fist analysis on our 9-year data collection,
we aim to provide the widest picture of the current
situation of AMR patterns for GNB-related UTIs.
Further analysis for different subgroups will be
helpful, pointing out the differences related to epi-
demiologic characteristics and clinical settings. We
also aim to keep updating on the changing trend of
AMRs, in order to provide scientific evidence that
could corroborate local guidelines of treatment.

Conclusion

Despite the application of national and interna-
tional guidelines for prophylaxis and treatment of
UTIs, the spectrum of resistance for most

common antibiotics is still changing. Clinicians in
primary and secondary care must keep that in mind
when prescribing antibiotics for suspected UTI and
sepsis associated with Gram-negative infections.
Up-to-date therapeutic strategies can help imple-
ment treatment of UTI, reducing prevalence of
multi-resistant pathogens and providing more
accurate care for patients. As the trend in sensitivity
for each commonly used antibiotic is continuously
changing, our study provides an up-to-date review
of the current situation, helping clinicians choosing
the most appropriate class of antibiotics in view of
the frequent resistance patterns. Future studies will
be required to maintain national and international
guidelines, and clinicians updated.
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