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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
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in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.
Background: Patients in intensive care units are
more susceptible to catheter-associated wurinary tract

infections (CAUTIs) caused by drug resistant bacteria.
Methods: This retrospective study was done to determine
the antibiogram of Urinary Catheter-associated Bacterial
Pathogens in the Intensive Care Unit, at King Khalid
General Hospital, Saudi Arabia, using full automated
MicroScan  walkaway 96  plus Beckman Coulter.
Results: Among the identified bacteria, Escherichia coli and
Klebsiella pneumoniae were the most prevalent, accounting for
33.7% (29/86) and 23.3% (20/86), respectively. High resistance
was documented against ciprofloxacin 75.6% (65/86),
cefuroxime 69.8% (60/86), levofloxacin 68.6% (59/86) and
amoxicillin/clavulinic acid 65.1% (56/86), but Colistin showed
high activity against the isolated bacteria with low resistance
rate 5.81 % (5/86). Frequency of multi-drug-resistant bacteria
revealed a rate of 65.1% (56/86). Resistance to piperacillin/
tazobactam and cefuroxime was significantly associated with
length of stay in the intensive care unit, duration of antimicrobial
use, and catheterization duration with a p < 0.05. Also, the
results strongly indicated that resistance to all cephalosporins
examined was significantly associated with long stay in ICU.
Conclusion: The identified bacteria among CAUTIs displayed
resistance to at least one agent in three or more antimicrobial
groups, indicating high resistance of common prescribed
antibacterial agent in the study area.

Key words. Antibiogram, urinary catheter-associated bacteria,
multidrug resistance.

Introduction.

Antimicrobial resistance is a growing global phenomenon
that threatens patient survival and increases rates of infection,
treatment failure, and death [1]. In order to reduce antimicrobial
resistance, activating antimicrobial stewardship is crucial [2].
Antimicrobial stewardship forms the foundation upon which
appropriate interventions to combat antimicrobial resistance
are built. In the same context, the basic information required to
intervene to address the resistance problem includes knowledge
of the indications for antimicrobials use, the types of common
pathogenic bacteria, and existing resistance mechanisms [3-5].

A urinary catheter is used to pass urine directly from the
bladder in certain medical conditions such as fainting, urinary
retention, and tumors. However, a urinary catheter is a foreign
body that contributes to the development of urinary tract
infections, especially in intensive care patients [6]. Most patients
in intensive care units develop catheter-associated urinary tract
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infections, leading to prolonged length of stay and antimicrobial
[7]. Tt is virtually impossible to avoid catheter-associated
infections due to the nature of the catheter as a foreign body,
the patient's health condition, and adherence to infection control
measures related to catheter fixation guidelines [8,9].

The most important cause of urinary tract infections in
hospitals is the fixation of the urinary catheter, the hypothesis
of the transmission of pathogens increases throughout the
period of use and the absence of infection control measures
[10]. Infections in surgical sites (infections after surgery) and
catheter-acquired urinary tract infections are the most important
diseases related to hospitals at the global level [11,12].
Documents indicate an alarming emergence of drug-resistant
and multidrug-resistant urinary tract pathogens [13,14]. In fact,
catheter-associated urinary tract infections are often caused by
drug-resistant bacteria, so the multidrug resistance hypothesis is
strong [15]. Studying resistance patterns to drugs used to treat
catheter-associated urinary tract infections helps determine the
prevalence of resistant bacteria and the appropriate selection of
effective drugs [16].

Gram-negative bacteria are important predominant causative
agents of catheter-associated urinary tract infections, followed
by Gram-positive bacteria [17]. Escherichia coli is reported
to be the most common species worldwide, followed by less
common species such as Klebsiella pneumoniae, enterococcus,
Staphylococcus aureus, Proteus, and Pseudomonas aeruginosa
[18,19]. AMR is mainly attributed to four specific resistant
microorganisms commonly acquired in healthcare settings
[20]. These include Escherichia coli and Klebsiella pneumoniae
that exhibit resistance to third-generation cephalosporins,
Methicillin-resistant  Staphylococcus aureus (MRSA), and
Pseudomonas aeruginosa resistant to carbapenems [21,22].
Multidrug-resistant bacteria in catheter-related infections
present significant concerns due to limited treatment options
and the risk of therapeutic failure. According to many published
data multidrug-resistant pathogens are defined by resistance
to at least one agent from three or more distinct antimicrobial
groups [23,24].

In fact, the study of catheter-associated urinary tract infections
(CAUTIS) is part of the National Survey of Hospital-Acquired
Infections in Saudi Arabia, and therefore the results of this study
can be compared and strategies such as antibiotic use policies
evaluated.

The present retrospective study aimed to identify the
bacterial species contributing to catheter-associated urinary
tract infections and analyze the resistance to the antimicrobial
agents used. Understanding the spectrum of pathogens causing
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multidrug-resistant infections, their antimicrobial resistance
profiles and their origin within hospitals is critical for effective
treatment strategies and infection control measures in hospitals.

Materials and Methods.

Study settings:

This study was conducted at King Khalid General Hospital in
Saudi Arabia, located in the city of Hafer Al-Baten, and followed
a retrospective design to achieve its objective. Bacterial profile,
infection risk factors and antibiogram were evaluated from ICU
patients with catheter-associated urinary tract infections in the
period from January 2022 to December 2023. The findings
aimed to highlight the most common bacterial species causing
catheter-associated urinary tract infections (CAUTIs) in the
intensive care unit (ICU), analyze the effective antimicrobials,
and detect the rate of multidrug resistance.

Adult ICU participants aged 30 to 90 years, who had been in
a urinary catheter for more than 48 hours, and who presented
with symptoms of catheter-associated urinary tract infections,
were enrolled in the current study. Patient data were recorded
according to the risk factors for infection, length of stay in the
intensive care unit, duration of antimicrobial use, and catheter
age.

Primary isolation of bacterial species performed using Blood
agar and CLED agar medium and the mixed infection were
subculture, while identification was accomplished by MicroScan
Dried Gram-Negative Breakpoint Combination Panels. These
panels were used to assess sensitivity to antimicrobial agents and
identify both aerobic and facultative anaerobic Gram-negative
bacilli atthe species level. Procedures included panel preparation,
bacterial inoculums adjustment, rehydration/inoculation, and
incubation. The RENOK system, equipped with Inoculators-D,
was utilized for rehydration and inoculation steps. The panels
were incubated for 16 hours at 35°C. The Biotype Lookup
Software Program facilitates the identification of bacterial
species. Drug sensitivity was determined by comparing the
minimum inhibitory limit (MIC) of an antimicrobial for bacteria
with the achievable concentration in blood or urine, according
to the interpretive breakpoints described in the CLSI (2023)
document. Multi-drug resistance (MDR) was characterized by
acquired non-sensitivity to at least one agent across three or
more antimicrobial categories.

The Negative Breakpoint Combo 50 is a microbiological
diagnostic panel that was used for identification and susceptibility
assessment of Gram-negative bacteria. Antimicrobial agents
used in this study are shown below in (Table 3).

Statistical analysis:

Statistics of study findings were accomplished using SPSS
statistic version 23. Descriptive analysis of socio-demographics,
bacterial species and antimicrobial resistance were presented
as frequency. Association between antimicrobial resistance
and length of stay in ICU, duration of antimicrobial use and
catheterization was evaluated by chi-square test in which a
p-value of < 0.05 was considered significant.

Results.

As shown in (Table 1), intensive care unit participants ranged in
age from 30 to 90 years, with a mean age + standard deviation of
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Table 1. Baseline data of ICU participants. No = 68.

Parameter N = (%)
Sex:

Male 44 (64.7)
Female 24 (35.3)
Total 68 (100)
Age group:

Less than 60 yrs 14 (20.6)
More than 60 yrs 54 (79.4)
Total 68 (100)
Length of stay in ICU

Less than 2 weeks 52 (76.5)
More than 2 weeks 16 (23.5)
Total 68 (100)
Duration of Antimicrobials Use:

Less than 10 days 50 (73.5)
More than 10 days 18 (26.5)
Total 68 (100)
Comorbidities:

Diabetes Mellitus 50 (73.5)
Hypertension 44 (64.7)
Cardiovascular disease 10 (14.7)
Urinary tract infection 20 (29.4)
Others 58 (85.3)
Total 68 (100)
Catheterization:

Catheter type:

Foley 12 (17.6)

Table 2. Frequency of bacterial species isolated from catheter-associated
urinary tract infections in ICU patients. No = 86.

Bacterial species Frequency (%)
Acinetobacter baumannii/haemolyticus 2(2.3)
E. cloacae 3(3.5)
E. coli 29 (33.7)
E. faecalis 6 (7.0)
K. aerogenes 2(2.3)
K. pneumoniae 20 (23.3)
M. morganii 44.7)
P. aeruginosa 9 (10.5)
P. alcalifaciens 1(1.2)
P. mirabilis 10 (11.6)

68.32 + 10.86 years. In terms of gender distribution, the majority
of cases were males 64.7% (44/68), while the percentage of
females was 35.4% (24/68). The age groups (less than 30 years)
and (more than 60 years) represented 20.6% (14/68) and 79.4%
(54/68) of the frequency, respectively. Participants' length of
stay in the ICU was categorized as less than two weeks 76.5%
(52/68) and more than two weeks 23.5% (16/68), while the
duration of antimicrobial use was recorded as less than 10 days
73.5% (50/68) and more than 10 days 26.5 (18/68). Among the
ICU patients studied, the most common comorbidities were
diabetes mellitus 73.5% (50/68), followed by hypertension
64.7% (44/68). The results showed that silicone catheters 82.4%
(56/68) were more commonly used than Foley catheters, and
that 50% (34/68) of ICU patients had catheterization for more
than one week.



Table 3. Overall resistance of isolated bacterial species causing catheter-associated urinary tract infections in intensive care unit patients. No 86.

Antimicrobial Resistance n (%)
Amoxicillin/Clavulanate 56 (65.1)
Piperacillin/Tazobactam 32(37.2)
Cefuroxime 60 (69.8)
Cefotaxime 57 (66.3)
Ceftazidime 52 (60.5)
Cefepime 48 (55.8)
Cefoxitin 49 (57)
Meropenem 32(37.2)
Imipenem 36 (41.9)
Ertapenem 48 (55.8)
Amikacin 36 (41.9)
Gentamicin 41 (47.7)
Tobramycin 57 (66.3)
Ciprofloxacin 65 (75.6)
Levofloxacin 59 (68.6)
Norfloxacin 60 (69.8)
Tetracycline 48 (55.8)
Tigecycline 34 (39.5)
Monobactam 57 (66.3)
Trimethoprim/Sulfamethoxazole 60 (69.8)
Colistin 5(5.81)
Nitrofurantoin 51(59.3)

Table 4. Resistance patterns of bacterial species isolated from patients studied in the intensive care unit. (n = 86).

Acinetobac ter E. E. E. K. K. M. P.aer  P.al calif C
. . . . aeroge pneum . . P.m irabilis

baumannii/ haemolytic cloacae coli (n faecalis nes oniae nff)rga uginosa aciens (n=10)

us (n=2) (m=3) |=29) (n=6) (n=2) n=20) nii (n=4) (n=9) (n=1)
Amox/KClav |2 14 4 2 14 2 7 0 8
Piperacilli n/ ’ 3 3 4 0 14 0 0 0 )
Tazobactam
Cefuroxime 0 3 17 4 2 15 4 7 0 8
Ceftazidime 2 3 14 4 2 14 0 4 1 8
Cefepime 2 3 14 4 1 18 0 4 0 2
Cefoxitin 0 3 13 4 2 14 0 7 0 6
Meropenem |2 3 7 4 0 12 0 0 0 4
Imipenem 2 3 7 4 0 8 4 0 0 8
Ertapenem 0 3 12 4 0 14 0 7 1 7
Monobactam |2 3 15 4 2 14 0 6 1 10
Amikacin 2 3 9 4 2 10 0 2 0 4
Gentamicin 0 3 9 4 2 10 0 5 0 8
Tobramycin 2 3 19 4 2 17 0 4 0 6
Ciprofloxacin 2 3 21 2 2 19 4 4 0 8
Levofloxacin 2 3 18 2 2 16 2 6 0 8
Norfloxacin 2 3 19 2 2 18 0 6 0 8
Tetracycline 2 3 12 4 2 11 2 6 0 6
Tigecycline 2 3 2 4 2 4 4 6 0 7
Trimeth/Sulfa 2 3 17 4 2 13 4 7 0 8
Colistin 0 0 3 0 0 1 0 0 0 1
Nitrofurantoin 0 3 8 6 2 14 4 4 0 10
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Table 5. Association between resistance of antimicrobials and Length of stay in ICU, Duration of Antimicrobial Use and catheterization among
ICU patients.

.. . Length of stay in ICU Duration of Antimicrobial Use Duration of catheterization P
Antimicrobial
P value P value value

Amoxicillin/Clavulanate .069 354 .017
Piperacillin/Tazobactam .001 .006 .001
Cefuroxime .006 .003 .010
Cefotaxime .002 .034 321
Ceftazidime .021 136 .699
Cefepime .005 .041 484
Cefoxitin .008 .057 .070
Meropenem .944 431 450
Imipenem .103 857 368
Ertapenem .078 283 412
Monobactam .001 .018 .200
Amikacin .033 .632 172
Gentamicin 157 .400 573
Tobramycin .002 .034 .148
Ciprofloxacin 537 .396 912
Levofloxacin .006 .003 .240
Norfloxacin 011 147 .568
Tetracycline .169 077 872
Tigecycline 837 .109 172
Trimethoprim/Sulfamethoxazole 147 .085 .240
Colistin 764 528 317
Nitrofurantoin 945 .618 131

B MDR B Non-MDR
34.9%

65.1%

Figure 1. Frequency of multi-drug resistant bacteria causing catheter-associated urinary tract infections in intensive care unit patients. No 86.
MDR: Multi-drug resistant; Non-MDR: Non-multidrug resistant.
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In total, ten non-fastidious bacterial species were isolated as
pathogens of catheter-associated urinary tract infections (Table
2). The overall number of identified strains was 86. Escherichia
coli and Klebsiella pneumoniae were the most prevalent,
accounting for 33.7% (29/86) and 23.3% (20/86), respectively.
Less common species were P. mirabilis at 11.6% (10/86) and
P. aeruginosa at 10.5% (9/86). The polymicrobial infection was
detected in 36.76% (25/68) of patients.

The classes of penicillin examined showed variable
resistance; the resistance rate to amoxicillin/clavulanate was
higher (65.1%) than to piperacillin/tazobactam (37.2%). The
current sensitivity results showed that, bacterial resistance to
cephalosporins was at near levels; isolated bacteria revealed
the highest resistance to cefuroxime at 69.8% followed by
Cefotaxime at (66.3%). Carbapenems sensitivity was best
with meropenem, with 37.2% resistance while ertapenem
resistance was 55.8%. Amikacin recorded the lowest resistance
frequency among the aminoglycoside group at 41.9%, making
it the most effective aminoglycoside in the present study, in the
same group, tobramycin showed poor efficacy, with resistance
reaching 66.3%. Regarding fluoroquinolones sensitivity, the
isolated bacterial species showed high resistance against the
studied antimicrobial; Ciprofloxacin resistance showed the
highest rate among all antimicrobials tested, at 75%. Among
the tetracyclines, tigecycline yielded a low resistance against
bacterial species of 39.5%. Other antimicrobial agents from
different classes resulted in similar resistance levels such as
monobactam of 66.3%, antrimethoprim/sulfamethoxazole
69,8% and nitrofurantoin 59.3%. The colistin resistance rates
reveal 5.81%.

The total number of bacterial species isolated from ICU
patients was 86 isolates; complete resistance was observed
among the three E. cloacae stains, while the two Acinetobacter
baumannii/haemolyticus stains showed susceptibility to only
five antimicrobial classes. Escherichia coli and Klebsiella
pneumoniae were the predominant species. Furthermore,
Klebsiella pneumoniae strains were almost completely resistant
to ciprofloxacin. Fortunately, Pseudomonas aeruginosa was
fully susceptible to piperacillin/tazobactam, meropenem,
and imipenem. P. mirabilis expressed complete resistance to
monobactam and Nitrofurantoin antimicrobials (Table 4).

(Table 5) represents the relationship between antimicrobial
resistance, length of stay in the intensive care unit, duration
of antimicrobial use, and catheterization among ICU patients.
Piperacillin/tazobactam and cefuroxime resistance were
significantly associated with length of stay in the intensive
care unit, duration of antimicrobial use, and catheterization
with p value of less than 0.05. The results strongly indicated
that resistance to all cephalosporins examined was significantly
associated with longer ICU stay; p values for Cefuroxime,
Cefotaxime, Ceftazidime, Cefepime and Cefoxitin equal
0.006, 0.002, 0.021, 0.005 and 0.008 respectively. Drugs such
as monobactam, tobramycin, and levofloxacin, all of which
belong to different classes of antimicrobials, were significantly
associated with length of ICU stay and duration of antimicrobial
use, while their association with catheterization was not
statistically significant.
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Discussion.

Studies have confirmed that catheter-associated urinary tract
infections (CAUTIs) occur commonly in hospital settings
[25]. and are usually caused by resistant bacterial pathogens
[26]. Studying the bacterial pathogens associated with urinary
catheters in the intensive care unit aids treatment by isolating
pathogens and determining their antimicrobial resistance
patterns.

Regarding gender, this study noted a slight variation in the
frequency of catheter-associated UTI among the studied cases,
with males recording a higher frequency, however, females are
known to be more susceptible to both urinary tract infections
and catheter-associated UTIs [27]. Data related to the duration
of stay in intensive care units (ICUs) indicates a diverse patient
demographic within critical care settings. The considerable
variation, ranging from as little as three days to an extensive 146
days, underscores disparities in disease severity, the complexity
of required medical interventions, and recovery trajectories
among the study subjects.

The current study revealed a population with a high incidence
of chronic diseases, especially diabetes and hypertension. This
observation is important because both conditions are considered
risk factors for different types of infections, including urinary
tract infections. Since diabetes affects nearly three-quarters
of people, its role in compromising immune function is well
documented. Chronic diabetes affects the activity of phagocytic
white blood cells, cell-mediated immunity, and the production
of immunomodulatory cytokines [28,29]. Also, diabetic patients
who suffer from neurological disorders that result in incomplete
emptying of the bladder, which increases the chances of survival
and spread of pathogenic bacteria [30]. The results of this study
showed that, a large percentage of participating patients suffered
from high blood pressure, which in turn weakens the body's
immunity and blood vessel function [31]. On the other hand,
the results showed a lower rate of cerebrovascular accidents
(CVAs) at 14.7% among participants, indicating a limited risk
of urinary tract infections. However, cerebrovascular accidents
are associated with complications such as neurogenic bladder.

Positively, the study observed a greater use of silicone catheters
compared to conventional latex foley catheters. In line, several
studies have promoted the use of silicone catheters to reduce
bacterial colonization as well as biofilm formation [32].

Most cases 79.4% (54/68) in the current study had 14 days or
less catheterization period and this is recommended standardly
[33]. Prolonged catheter therapy is a risk factor for the
development of infections [34]. The 20.6% (14/68) of patients
who underwent catheterization for more than 14 days represent
a group at particular risk for catheter-associated urinary tract
infections and associated complications. Prolonging the duration
of the catheter without replacing it is also a risk factor because it
acts as a foreign body that helps germs adhere and reach internal
organs [35]. Therefore, further investigation is necessary to
identify improvement opportunities in clinical protocols and
adherence to timely intervention practices.

The current study showed that Escherichia coli was the
predominant isolate in catheter-associated urinary tract
infections (CAUTIs), accounting for 33.7% (29/86) of cases.



This rate is due to its ability to attach to the urinary catheter
through various virulence factors, such as fimbriae [36]. After
Escherichia coli, Klebsiella pneumoniae represents 23.3%
(20/86) of isolates and is similarly known as an important
urinary pathogen, particularly due to its ability to form biofilms
on medical devices [37]. The combined dominance of these
two Gram-negative bacteria, which together represent over
half of the isolated strains, underscores the necessity for
broad-spectrum empirical antimicrobials that can effectively
target these common uropathogens when initiating treatment
for suspected CAUTIs. Notably, Pseudomonas aeruginosa is
particularly challenging to combat due to its intrinsic resistance
mechanisms and its ability to produce biofilms. Moreover, the
isolation of Enterococcus faecalis 7% (6/86) and Acinetobacter
baumannii/haemolyticus 2.3% (2/86) raises additional concerns.
Acinetobacter species are notorious for their multi-drug
resistance and are frequently linked to severe hospital-acquired
infections with high morbidity and mortality rates. Although
Enterococcus faecalis is sometimes perceived as less virulent,
it presents a significant treatment challenge due to increasing
resistance to vancomycin and other antimicrobials, particularly
in immunocompromised patients or those with prolonged
hospital stays.

The increasingly resistance rate of 65.1% observed for
Amoxicillin/Clavulanate suggests that a substantial proportion
of bacterial isolates examined in this study have developed
mechanisms to circumvent its antibacterial effects. This
combination was formulated to address resistance conferred
by prevalent beta-lactamase enzymes, integrating a broad-
spectrum penicillin (amoxicillin) with a beta-lactamase
inhibitor (clavulanate). In contrast, the lower resistance rate
of 37.2% associated with Piperacillin/Tazobactam implies that
this antimicrobial remains a more reliable alternative against the
identified bacterial strains. Tazobactam acts as a potent inhibitor
of several significant beta-lactamases, some of which may render
Amoxicillin/Clavulanate ineffective [38]. The comparatively
lower utilization of narrower-spectrum antibiotics, such
as Ciprofloxacin, Cefixime, Ceftaxon, Cefuroxime, and
Ceftazidime, could suggest either an urgent demand for broader
coverage or a reflection of the severity of infections encountered
by this patient population. However, without additional context
regarding these clinical situations, it is challenging to ascertain
the appropriateness of these prescribing habits.

The results articulated in this analysis delineate a concerning
landscape of cephalosporin resistance among bacterial species
associated with catheters. The resistance rates observed for
Cefuroxime (69.8%) and Cefotaxime (66.3%) indicate a marked
decline in their efficacy as reliable empirical therapy options for
treating catheter-related infections within this specific context.

Carbapenems represent a crucial category of broad-spectrum
beta-lactam antibiotics, playing a significant role in treating
severe infections [39]. The observed rise in carbapenem
resistance among catheter-associated bacteria raises concerns,
yet the data also reveal marked differences in susceptibility
among the various carbapenem agents [40]. Specifically,
Meropenem stands out with a resistance rate of 37.2%,
suggesting it is the most reliable option for empirical therapy
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in cases of severe catheter-related infections. Relying on
Ertapenem as a primary carbapenem in this context could lead
to a considerable incidence of treatment failures when faced
with resistant pathogens or infections caused by organisms
outside its effective range [41].

The increasing rates of carbapenem resistance underscore the
urgent necessity for robust antibiotic stewardship programs
aimed at preserving the effectiveness of these critical
antimicrobials.

Among the aminoglycosides assessed in this investigation,
Amikacin exhibits the lowest resistance rate at 41.9%. This
finding underscores Amikacin's significant clinical relevance.
The dominant mechanism of resistance affecting various
aminoglycosides, such as Gentamicin and Tobramycin,
suggests an inherent stability in Amikacin that may contribute
to its superior performance. Notably, Tobramycin demonstrates
a substantial resistance rate of 66.3%. These observations
highlight a pronounced decline in Tobramycin's efficacy against
bacterial isolates from catheter sources. The high resistance rate
likely reflects the widespread presence of enzymatic inactivation
or alternative resistance mechanisms that particularly target
Tobramycin [42]. In contrast, Tigecycline exhibits a more
advantageous profile, characterized by a lower resistance rate
(39.5%). Colistin exhibited a relatively good susceptibility rate
among E. coli (10.34%) and K. pneumoniae (5%). Our findings
are disagreement with previous studies conducted in West Africa
[43] and Nigeria [44]. Infections caused by colistin-resistant
Enterobacteriaceae are an emerging challenge in Saudi Arabia
[45]. A colistin-resistant strain of K. pneumoniae (63.1%) was
also reported in Pakistan [46]. Additionally, in multidrug-
resistant (MDR) E. coli isolates from both commercial poultry
and humans, colistin resistance was detected in 78.6% and
48.1% of isolates, respectively [47]. The high prevalence of
mcr genes in E. coli may further contribute to broader antibiotic
resistance concerns [47]. These differences may be due to a high
restriction of antibiotic prescription in Saudi Arabia and emerge
of plasmid-mediated mcr genes.

This study also examined therelationship between antimicrobial
resistance and length of stay in the intensive care unit, duration
of antimicrobial use, and catheterization. The results confirmed
the relationship between antimicrobial resistance and length of
stay in the intensive care unit, and a significant association was
observed with resistance to several antimicrobials. Evidence
suggests that prolonged stays in intensive care require more
surgical procedures and greater use of antimicrobials [48]. In
addition, monitoring of antimicrobial resistance among urinary
tract isolates indicated increased resistance in bacterial agents
isolated from patients with catheters compared to those without
[49].

The frequency of multidrug-resistant (MDR) bacteria in
catheter-related infections presents significant concerns due
to the limited options for treatment and the risk of therapeutic
failure. The widespread use of broad-spectrum antibiotics in
healthcare settings has facilitated the survival and expansion
of these resistant strains. One mechanism that exacerbates
antibiotic resistance is the formation of biofilms by catheter-
associated bacteria, which not only prevents the penetration of



drugs but also creates a conducive environment for bacterial
growth and the horizontal transfer of resistance genes [50].
The fight against MDR involves not only addressing resistant
infections but also preventing the further emergence and spread
of resistance, which poses a threat to the treatment of all bacterial
infections. Enhancing antimicrobial stewardship and improving
diagnostic capabilities are essential for managing both sensitive
and resistant infections [51]. It was discovered in the study
that 65.1% of identified bacteria displayed resistance to at least
one agent in three or more antimicrobial groups. This finding
indicates that there is a significant occurrence of multidrug
resistance associated with catheterization. It is important to note
that the implications of such widespread MDR are multifaceted
and carry substantial consequences for the management of
patients and healthcare systems [51].

Conclusion.

The emergence of multi-drug resistance, which poses a threat
to the treatment of all bacterial infections. These situations
indicate that antimicrobial stewardship and improving
diagnostic capabilities are essential for managing both sensitive
and resistant infections. This finding indicates that there is a
significant occurrence of multidrug resistance associated with
catheterization in the study area. It is important to note that
the implications of such widespread MDR are multifaceted
and carry substantial consequences for the management of
patients and healthcare systems. Hence, there is an urgent need
for multicenter, routine surveillance of bacterial infections in
intensive care units to help reduce the emergence and spread of
antibiotic resistance.

Limitation of the Study.

This study utilized univariate analysis, and potential
confounding factors were not adjusted for, which limits
causal inference. In addition, due to resource limitations, re-
confirmation using the micro-volume liquid dilution method
could not be performed in this study.

Acknowledgments.

The author thanks the Medical Records Department at King
Khalid General Hospital in Hafr Al-Batin for their cooperation
in obtaining patient records.

Contflict of Interest.

The authors disclose no conflict of interest.
Funding Source Statement.

None.
Author's Contribution.

All listed authors contributed significantly to the work and
approved its publication.

Data Availability.

All analyzed data used in this study are included in the
manuscript.

Ethical Approval.

The study was approved by the Permanent Committee of
Ethics of Jouf University and registered on 03/10/1434 H.

93

REFERENCES

1. Salam MA, Al-Amin MY, Salam MT, et al. Antimicrobial
Resistance: A Growing Serious Threat for Global Public Health.
Healthcare. 2023;11:1946.

2. Oyedemi T, Fadeyi T, Fasina K. Antimicrobial stewardship in
the management of multidrug-resistant gram-negative bacteria
infections. In: Antimicrobial Stewardship-NewlInsights.
IntechOpen. 2024:112848.

3. Ferraz MP. Antimicrobial Resistance: The Impact from
and on Society According to One Health Approach. Societies.
2024;14:187.

4. Shrestha J, Zahra F, Cannady Jr P. Antimicrobial Stewardship.
In: StatPearls [Internet]. StatPearls Publishing; 2024.

5. Endale H, Mathewos M, Abdeta D. Potential Causes of
Spread of Antimicrobial Resistance and Preventive Measures
in One Health Perspective-A Review. Infection Drug Resist.
2023;16:7515-7545.

6. Sleziak J, Btazejewska M, Duszynska W. Catheter-associated
urinary tract infections in the intensive care unit during and after
the COVID-19 pandemic. BMC Infect Dis. 2025;25:595.

7. He Y, Wu L, Liao P, et al. Phenotypic and genotypic
characterization of multi-drug resistance Pseudomonas
aeruginosa isolated from urinary tract infections of non-
catheterized and catheterized Chinese patients: A descriptive
study over 3 years. Medicine. 2022;101:e31373.

8. Na SH, Eom JS, Seo YB, et al. Impact of infection prevention
programs on catheter-associated urinary tract infections
analyzed in multicenter study. J Korean Med Sci. 2024;39:e151.
9. Al-Sayaghi KM, Algalah TAH, Alkubati SA, et al. Healthcare
workers’ compliance with the catheter associated urinary tract
infection prevention guidelines: an observational study in
Yemen. Antimicrob Resist Infect Control. 2023;12:144.

10. Kalsi J, Arya M, Wilson P, et al. Hospital-acquired urinary
tract infection. Int J Clin Pract. 2003;57:388-391.

11. Perencevich EN, Sands KE, Cosgrove SE, et al. Health and
Economic Impact of Surgical Site Infections Diagnosed after
Hospital Discharge. Emerging Infectious Diseases. 2003;9:196-
203.

12. Haque M, Sartelli M, McKimm J, et al. Health care-
associated infections - an overview. Infect Drug Resist.
2018;11:2321-2333.

13. Kasew D, Desalegn B, Aynalem M, et al. Antimicrobial
resistance trend of bacterial uropathogens at the university of
Gondar comprehensive specialized hospital, northwest Ethiopia:
A 10 years retrospective study. PLoS One. 2022;17:¢0266878.
14. Chowdhury SS, Tahsin P, Xu Y, et al. Trends in antimicrobial
resistance of uropathogens isolated from urinary tract infections
in a tertiary care hospital in Dhaka, Bangladesh. Antibiotics.
2024;13:925.

15. Koves B, Magyar A, Tenke P. Spectrum and antibiotic
resistance of catheter-associated urinary tract infections. GMS
Infect Dis. 2017;5:Doc06.

16. Mohamed AH, Sheikh Omar NM, Osman MM, et al.
Antimicrobial Resistance and Predisposing Factors Associated
with Catheter-Associated UTI Caused by Uropathogens
Exhibiting Multidrug-Resistant Patterns: A 3-Year Retrospective
Study at a Tertiary Hospital in Mogadishu, Somalia. Trop Med



Infect Dis. 2022;7:42.

17. Majumder MMI, Ahmed T, Ahmed S, et al. Microbiology of
Catheter Associated Urinary Tract. In: Microbiology of Urinary
Tract Infections: Microbial Agents and Predisposing Factors.
2019:23.

18. Werneburg GT. Catheter-Associated Urinary Tract
Infections: Current Challenges and Future Prospects. Res Rep
Urol. 2022;14:109-133.

19. Fomda BA, Shah MA. MICROBIAL EVALUATION OF
CATHETER ASSOCIATED UTI IN PATIENTS ADMITTED
TO SURGICAL ICU OF A TERTIARY CARE HOSPITAL.
IMS. 2020;23.

20. Ahmed SK, Hussein S, Qurbani K, et al. Antimicrobial
resistance: Impacts, challenges, and future prospects. J Med
Surg Public Health. 2024;2:100081.

21. Uddin TM, Chakraborty AJ, Khusro A, et al. Antibiotic
resistance in microbes: History, mechanisms, therapeutic
strategies and future prospects. J Infect Public Health.
2021;14:1750-1766.

22. Liu G, Qin M. Analysis of the distribution and antibiotic
resistance of pathogens causing infections in hospitals
from 2017 to 2019. Evid Based Complement Alternat Med.
2022;2022:3512582.

23. Magiorakos AP, Srinivasan A, Carey RB, et al. Multidrug-
resistant, extensively drug-resistant and pandrug-resistant
bacteria: an international expert proposal for interim standard
definitions for acquired resistance. Clin Microbiol Infect.
2012;18:268-281.

24. Wolfensberger A, Kuster SP, Marchesi M, et al. The effect
of varying multidrug-resistence (MDR) definitions on rates of
MDR gram-negative rods. Antimicrob Resist Infect Control.
2019;8:193.

25. Werneburg GT. Catheter-Associated Urinary Tract
Infections: Current Challenges and Future Prospects. Res Rep
Urol. 2022;14:109-133.

26. Lakoh S, Yi L, Russell JB, et al. High incidence of catheter-
associated urinary tract infections and related antibiotic
resistance in two hospitals of different geographic regions of
Sierra Leone: a prospective cohort study. BMC Res Notes.
2023;16:301.

27. Anggi A, Wijaya DW, Ramayani OR. Risk factors for
catheter-associated urinary tract infection and uropathogen
bacterial profile in the intensive care unit in hospitals in Medan,
Indonesia. Open Access Maced J Med Sci. 2019;7:3488.

28. Lee H, Kim MJ, Lee IK, et al. Impact of hyperglycemia on
immune cell function: a comprehensive review. Diabetol Int.
2024;15:745-760.

29. Aravindhan V, Anand G. Cell type-specific
immunomodulation induced by helminthes: effect on
metainflammation, insulin resistance and type-2 diabetes. Am J
Trop Med Hyg. 2017;97:1650.

30. Kaur P, Sachan RSK, Karnwal A, et al. A review on clinical
manifestation and treatment regimens of UTI in diabetic
patients. Iran J Med Microbiol. 2022;16:98-115.

31. Agita A, Thaha M. Inflammation, immunity, and
hypertension. Acta Medica Indonesiana. 2017;49:158-165.

94

32. Zhu Z, Wang Z, Li S, et al. Antimicrobial strategies for
urinary catheters. ] Biomed Mater Res A. 2019;107:445-467.
33. Gould CV, Umscheid CA, Agarwal RK, et al. Guideline for
prevention of catheter-associated urinary tract infections 2009.
Infect Control Hosp Epidemiol. 2010;31:319-326.

34, Al-Amri H.A, Almalhan L.A, Alghamdi M.A, et al
Catheter-associated urinary tract infection and associated factors
among patients admitted to intensive care unit at King Abdullah
Hospital, Bisha, Saudi Arabia. BMC Infect Dis. 2025;25:1640.
35. Szeto CC, Li PK, Johnson DW, et al. ISPD Catheter-Related
Infection Recommendations: 2017 Update. Perit Dial Int.
2017;37:141-154.

36. Zou Z, Potter RF, McCoy WH 4th, et al. E. coli catheter-
associated urinary tract infections are associated with
distinctive virulence and biofilm gene determinants. JCI Insight.
2023;8:¢161461.

37. Stahlhut SG, Struve C, Krogfelt KA, et al. Biofilm formation
of Klebsiella pneumoniae on urethral catheters requires either
type 1 or type 3 fimbriae. FEMS Immunol Med Microbiol.
2012;65:350-359.

38. Toussaint KA, Gallagher JC. p-lactam/B-lactamase
inhibitor combinations: from then to now. Ann Pharmacother.
2015;49:86-98.

39. Aurilio C, Sansone P, Barbarisi M, et al. Mechanisms
of Action of Carbapenem Resistance. Antibiotics (Basel).
2022;11:421.

40. Teng J, Imani S, Zhou A, et al. Combatting resistance:
Understanding multi-drug resistant pathogens in intensive care
units. Biomed Pharmacother. 2023;167:115564.

41. Makau D.K. Meropenem Ultilization, Antimicrobial
Resistance Patterns and Factors Influencing Meropenem
Prescribing and Adherence to Guidelines by Clinicians at
Kenyatta National hospital, Kenya (Doctoral dissertation,
University of Nairobi. 2021.

42. Baran A, Kwiatkowska A, Potocki L. Antibiotics and
Bacterial Resistance-A Short Story of an Endless Arms Race.
Int J Mol Sci. 2023;24:5777.

43. Gashaw Y, Asmare Z, Sisay A, et al. Prevalence of colistin
resistance in multidrug-resistant Klebsiella pneumoniae
recovered from clinical samples in Africa: a systematic review
and meta-analysis. JAC Antimicrob Resist. 2025;7:dlaf119.

44. Ayandele A, Oladipo E, Oyebisi O, et al. Prevalence of
multi-antibiotic resistant Escherichia coli and Klebsiella species
obtained from a tertiary medical institution in Oyo State,
Nigeria. Qatar Med J. 2020;2020:9.

45. Garbati MA, Bin Abdulhak A, Baba K, et al. Infection due
to colistin-resistant Enterobacteriacae in critically-ill patients. J
Infect Dev Ctries. 2013;7:713-719.

46.Rafaque Z, Khan F, Khan N, et al. Investigating the molecular
determinants of colistin resistance in Enterobacteriaceae at
a tertiary care hospital of Abbottabad, Pakistan. Discov Life.
2025;55:34.

47. Huda MNU, Shabbir MZ, Tahir AH, et al. Molecular
detection and prevalence of colistin-resistant Escherichia coli in
poultry and humans: a one health perspective. Braz J Microbiol.
2025;56:2959-2970.



48. Eltarhony M.S. Predictors of antimicrobial resistance in the
respiratory intensive care unit of Alexandria Main University
Hospital. Egypt J Bronchol. 2025;19.

49. Yurtsever B.A. Effect of Urinary Catheter Use on
Microorganism Growth and Antibiotic Resistance in Home
Health Patients: A Retrospective Study in Turkey. Euras J Fam
Med. 2025;14:50-6.

95

50. Oumer Y, Regasa Dadi B, Seid M, et al. Catheter-Associated
Urinary Tract Infection: Incidence, Associated Factors and Drug
Resistance Patterns of Bacterial Isolates in Southern Ethiopia.
Infect Drug Resist. 2021;14:2883-2894.

51. Catalano A, Iacopetta D, Ceramella J, et al. Multidrug
Resistance (MDR): A  Widespread Phenomenon in
Pharmacological Therapies. Molecules. 2022;27:616.



	Title

