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ABSTRACT
Keywords: Infections caused by multidrug-resistant (MDR) bacteria are a major cause of morbidity
Carbapenem-Resistant, Gram- and mortality in hospitals. This study aimed to isolate MDR bacteria from intensive care
Negative, Enterobacteriaceae, units (ICUs) at Sabha Medical Center. A cross-sectional observational study was
Patients, Sebha Medical conducted in the period between September 2025 and March 2026 at Sabha Medical
Center. Center. Atotal of 128 samples were collected. Collected samples were pus swabs, urine,

blood, and sputum. Identification and antimicrobial susceptibility tests were applied
based on the recommendation of the Clinical and Laboratory Standards Institute. The
total Gram-negative bacterial strains isolated were 59 (46%), with the predominance of
Escherichia coli (45%) followed by Klebsiella pneumoniae (21%) and Acinetobacter
(11%). Different antibiotics were used against these gram-negative isolates. Escherichia
coli, Klebsiella pneumoniae, Acinetobacter, Proteus spp., Enterobacter spp.,
Pseudomonas aeruginosa and Pasteurella spp. showed a high resistance rate to the
most used antibiotics and especially to carbapenems. This high prevalence of antibiotic
resistance requires strict infection control, continuous monitoring, and collaborative
action to monitor infection spread in hospitals.

Introduction

Patients in intensive care units (ICUs) are susceptible to nosocomial infections due to underlying diseases, device use, and
prior antibiotic use. Nosocomial infections are associated with morbidity, mortality, and increased costs [1]. ICU patients
are at a high risk of colonization and infection caused by multidrug-resistant organisms (MDROs). Patients with extended
ICU stays have higher rates of infection by resistant organisms. MDROs, including methicillin-resistant Staphylococcus
aureus, vancomycin-resistant enterococci (VRE), multi-drug resistant Acinetobacter baumannii (MRAB), and
Enterobacterales that produce extended-spectrum B-lactamases (ESBL), are associated with ICU-related nosocomial
infections [2]. Of these MDROs, Enterobacterales, an order of Gram-negative bacteria, harbor common pathogens for
healthcare-associated infections, including pneumonia, bacteremia, and urinary tract infections.

Based on the nature of the source, antibiotics can be grouped into the following: (i) natural compounds obtained from
microorganisms; (ii) semi-synthetic members that are structurally modified natural products; and (iii) synthetic products.
Natural antibiotics (benzylpenicillin, cephalosporins, and gentamicin) present a critical inconvenience, high toxicity,
whereas semi-synthetic (ampicillin and amikacin) and synthetic antibiotics (moxifloxacin and norfloxacin) ones exhibit an
augmented therapeutic effect and a lower toxicity as compared to natural antibiotics [3].

B-lactam antibiotics are one of the most popular classes of antibiotics, having a specific signature of the presence of the 3-
lactam ring, with the differences between the members of the class being made by the attached side chain or additional
cycles. The representatives of this class are penicillins (presenting a thiazolidine ring and a side-chain that differs for each
member), cephalosporins (possessing a dihydrothiazine ring and two side chains), carbapenems (a thiazolidine ring
structure slightly different from penicillins), and monobactams (with a B-lactam ring and no adjacent ring) [4].

Recently, among MDROs, carbapenem-resistant Enterobacterales (CRE) have emerged as a threat for ICU patients [5]
because of limited treatment options and high mortality rates [6]; therefore, CRE outbreaks, especially in the ICU, have
become a critical issue. These organisms are significant causes of healthcare-associated infections, including
bloodstream infections, ventilator-associated pneumonia, urinary tract infections, surgical-site infections, and device-
associated infections. Less commonly, they can cause meningitis and intra-abdominal infection [7]. A major clinical
concern is the development of intrinsic and acquired multidrug resistance. The principal intrinsic mechanism is
chromosomal AmpC B-lactamase, which may be inducible or derepressed and confers resistance to many B-lactams,
including third-generation cephalosporins. Additionally acquired determinants, notably plasmid-mediated extended-
spectrum B-lactamases and carbapenemases such as KPC and NDM, further restrict therapeutic options [8, 9]. Thus, our
study aimed to isolate MDR bacteria from intensive care units (ICUs) at Sabha Medical Center and illustrate the sensitivity
of Carbapenems against these isolates.
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Methods

Study design

A cross-sectional observational study was conducted in the period between September 2025 and March 2026 at Sabha
Medical Center. The study was approved by the Institutional Ethics Committee. All patients were fully informed regarding
the study’s objectives, significance, and any potential risks involved prior to participation in this study.

Inclusion and Exclusion Criteria
In the current study, the patients included were >18 years and immunocompetent. While pediatric patients, HIV-positive
patients, and patients receiving chemotherapy and radiotherapy were excluded.

Sampling

A total of 128 clinical specimens—including pus swabs, urine, blood, and sputum—were collected from ICU, FMW, MMW,
FSW, and MSW patients. Specimens were inoculated onto blood agar under anaerobic conditions and MacConkey agar
(No. 3) to isolate Gram-negative and other clinically relevant bacterial species. The culture plates were incubated at 37°C
for 18 to 24 hours. Additionally, Mueller-Hinton agar was employed for standard antibiotic susceptibility testing, in
accordance with the manufacturer’s recommendations (Oxoid). All isolates were identified based on colony morphology
and Gram staining. Biochemical tests were applied for Gram-negative isolates using the Analytical Profile Index (APl 20E)
system to assess a broad range of enzymatic activities and sugar fermentation patterns, including the metabolism of
various carbohydrates, gas production, and specific enzymatic reactions.

Antimicrobial Susceptibility Testing

Based on the recommendation of the Clinical and Laboratory Standards Institute (M100 document) [10], antimicrobial
susceptibility testing was performed. The diffusion method was applied to test the susceptibility to different antibiotics, as
illustrated in Table 1.

Table 1: The antimicrobial agents used in the susceptibility test

S.N Antimicrobial Agents Symbol Disc content
1 Levofloxacin LVX 5ug
2 Ertapenem ETP 10pg
3 Imipenem IMP 10ug
4 Meropenem MEM 10ug
5 Ciprofloxacin CIP 5ug
6 Gentamicin GM 10ug
7 Ceftriaxone CRO 30pug
8 Ticarcillin/Clavulanic acid TCC 15-10/75ug
9 Trimethoprim/Sulfamethoxazole SXT 23.75/1.25pug
10 Cefoxitin FOX 30ug
11 Amoxicillin/Clavulanic acid AMC 30ug

Results
Gram staining revealed that 59 isolates (46%) out of 128 collected clinical samples were gram-negative, and the remaining
(54%) were gram-positive isolates (Figure 1).
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Figure 1: Distribution percentage of gram-negative and positive isolates among clinical samples.

Screening the effect of different antibiotics on gram negative isolates revealed that 38 isolate (64.40%) out of the 59 gram-
negative isolate are resistant, while only 21 isolates (35.59%) were sensitive (figure 2). Escherichia coli showed the highest
resistance (70.80%) to Ceftriaxone, Ceftazidime and Meropenem. Klebsiella spp. Showed the highest resistance rate to
Amoxicillin and Ceftazidime (73.30%). Acinetobacter spp and Proteus spp possess high resistance rate to Amoxicillin
(71.4% and 80%, respectively) and to Ceftriaxone (71.4% and 80%, respectively). Pseudomonas spp was the most resistant
species by being resistant to most antibiotics. Seven gram negative species (Escherichia coli, Klebsiella pneumonia,
Acinetobacter baumannii, Pseudomonas aeruginosa, Proteus mirabilis, Enterobacter and Pasteurella sp.) are resistant to
all members of carbapenem class of antibiotics. Only Citrobacter possess sensitivity to carbapenem family (table 2, figure
3).

=ES-GNB mER-GNB

Figure 2: Distribution percentage of resistant and sensitive Gram-negative isolates

Table 2: Resistance pattern of gram-negative bacterial species (59) against different classes of antibiotics

Ent t P it
Antibiotics E coli Klebsiella Acinetobacte Proteus neerrsobac n:zusdon;: (ile:?:zic Pasteurel
(n=24) spp (n=15) rspp (n=7) spp (n=5) bP PP la (n=1)
(n=4) =2) 1)

Ciprofloxacin 54.16% 53.30% 57.10% 40% 25% 0% 100% 100%
Levofloxacin 50% 33.30% 28.50% 40% 50% 0% 0% 100%

i illin/
piperacitin 50% 53.30% 57.10% 20% 50% 50% 100% 100%
Tazobactam
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Amoxicillin 62.50% 73.30% 71.40% 80% 100% 100% 100% 100%
Amikacin 12.50% 26.60% 42.80% 0% 25% 100% 0% 0%
Aztreonam 37.50% 53.30% 57.10% 0% 50% 100% 0% 0%
Cefoxitin 45.80% 53.30% 71.740% 20% 75% 100% 100% 100%
Ceftriaxone 70.80% 66.70% 71.40% 80% 50% 100% 100% 100%
Ceftazidime 70.80% 73.30% 57.14% 60% 50% 100% 0% 0%
Gentamycin 45.80% 33.30% 42.80% 40% 25% 0% 100% 100%
Nitrofuran 20.80% 60% 57.10% 40% 25% 100% 0% 0%
Trimethoprim 58.30% 40% 14.20% 60% 50% 50% 0% 0%
Imipenem 62.50% 40% 57.10% 20% 50% 0% 0% 100%
Meropenem 70.80% 53.30% 57.10% 60% 100% 100% 0% 100%
Ertapenem 66.67% 53.30% 57.10% 80% 25% 50% 0% 100%
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Figure 3: Resistance pattern of Gram-negative bacterial species (59) against different classes of antibiotics

The resistant Gram-negative isolates were classified into 7 species, as illustrated in Figure 4. The highest distributed species
was Escherichia coli (45%) followed by Klebsiella pneumoniae (21%), Acinetobacter (11%), Proteus (11%), Enterobacter
species (5%), Pseudomonas aeruginosa (5%), and Pasteurella (3%).

u Escherichia coli

m Klebsiella
pneumoniae

u Acinetobacter

Figure 4: The percentage of the 7 detected resistant Gram-negative isolates.
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The distribution of each species of the resistant gram-negative isolates in the different collected clinical samples (blood,
urine, Sputum and wound) was represented in Table 3 and Figure 5. Escherichia coli and Proteus were highly recorded in
urine (82.35% and 75%, respectively), while Klebsiella pneumonia and Acinetobacter were highly recorded in Sputum (50%
and 75%, respectively). Enterobacter species was detected only in pus samples and Pasteurella was recorded only in urine
sample. The presence of resistant species in blood was the lowest by detecting only 3 species Escherichia coli, Klebsiella
pneumonia and Pseudomonas aeruginosa (Table 3 and Figure 5).

Table 3: Distribution of the 7 resistant gram-negative bacterial species among different clinical samples

Organisms Sputum Blood Urine Wound
(pus)
Escherichia coli (n=17) 1(5.88%) 1(5.88%) 14(82.35%) 1(5.88%)
Klebsiella pneumoniae (n=8) 4(50%) 1(12.5%) 2(25%) 1(12.5%)
Acinetobacter (n=4) 3(75%) - - 1(25%)
Proteus (n=4) - - 3(75%) 1(25%)
Enterobacter species (n=2) - - - 2(100%)
Pseudomonas aeruginosa (n =2) - 1(50%) 1(50%) -
Pasteurella (n =1) - - 1(100%) -
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Figure 5: Distribution of the 7 resistant gram negative bacterial species among different clinical samples.

Discussion

Patients in intensive care units (ICU) are more susceptible to nosocomial pathogens, especially multidrug-resistant (MDR)
bacteria. Hospital outbreaks can result from the spread of bacteria from patients, health care workers, and ICU medical
equipment and vice versa, causing cross-infection and contamination [11]. Gram-negative bacteria such as Escherichia
coli, Klebsiellapneumoniae, Pseudomonas aeruginosa, and Acinetobacter baumannii are major pathogens associated with
hospital-acquired infections [12].

The frequency of MDR among different microorganisms is different. In the recent study, 46% of the detected bacteria were
gram-negative and 54% are gram- positive and the frequency of the resistant gram-negative bacteria (64%) is higher than
that of sensitive gram-negative bacteria (36%). The majority of the gram-negative bacteria were MDR isolates with a rate of
64%. The rate of MDR bacteria was 57% in critically ill elderly Egyptian patients [13] and 36.6% in cerebrospinal fluid in [14]
study. In a study conducted at Tobruk Medical Center, Libya, researchers reported a resistance rate of 23.5% [15]. The fact
that the resistance rate in our study exceeded the 60% threshold, compared with the previous reported rate, clearly
highlights the magnitude of the epidemiological challenge in the study area.

The current study showed the high prevalence of MDR Enterobacteriaceae; mainly Escherichia coli (45%), Klebsiella
pneumoniae (21%), and Acinetobacter (11%). In Sudan, K. pneumoniae was reported as the highest prevalent (80%) MDR
bacterium according to [16]. In Libya, K. pneumonia showed the highest rates of MDRs (91%) [17]. Ibrahim et al. [18] study
showed the predominance of A. baumannii (44%) followed by K. pneumoniae (40%), and P. aeruginosa (5.3%) at intensive
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care units at Tripoli University Hospital. E. coli and K. pneumonia were the predominant pathogens and this was consistent
with a previous study in Libya [19].

More than 40% of Enterobacterales were Extended-Spectrum B-Lactamase (ESBL) producers. This high prevalence likely
results from extensive use of cephalosporins and fluoroquinolones without adequate antimicrobial stewardship oversight,
promoting horizontal spread of ESBL genes [19]. ESBL bacteria possess resistance against B-lactam antibiotics, including
cephalosporins and carbapenems.

In the current study, all the detected isolates (Escherichia coli, Klebsiella pneumonia, Acinetobacter, Proteus spp.,
Enterobacter spp., Pseudomonas aeruginosa and Pasteurella spp.) showed high resistance level to carbapenem family
(Imipenem, Meropenem and Ertapenem). In [19] study, Carbapenem resistance reached 42% in A. baumannii and 18% in
K. pneumonia. Our results are in agreement with the previous studies of [20, 21]. The high prevalence of ESBL- and
carbapenem-resistant pathogens compromises empiric therapy, increases preventable deaths and strains healthcare
systems in low- and middle-income settings [22].

Conclusion

Our study shows the high prevalence of multi-drug resistance gram negative bacteria in Libya. This high prevalence is
associated with increased mortality, prolonged hospitalization, and frequent inappropriate empiric therapy. There is an
urgent need to tolerate treatment using antibiotics, and infection control programs should be applied to improve outcomes.
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