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Abstract 
Klebsiella pneumoniae is gram-negative nonmotile bacilli that inhabit the 
gastrointestinal, and respiratory tracts. They opportunistically cause infections once 
breaching these barriers into internal tissues or when immunity is compromised. 
Throughout the years, K. pneumoniae has become multidrug-resistant (MDR) by 
acquiring the genes for various antibiotic resistance mechanisms. One of which is the 
production of extended-spectrum- βeta-lactamase (ESBL) enzymes, which confer 
resistance against beta-lactam antibiotics such as penicillins and cephalosporins. 
ESBL-producing K. pneumoniae (ESBL-KP) is a notorious MDR bacteria, causing 
increasingly severe infections and leaving few treatment options available, leading to 
high morbidity and mortality worldwide. Numerous reports on ESBL-KP in Saudi 
Arabia have come out in the past two decades, most of which came from the central 
region, whereas the least reports came from the southern region. These reports 
evidently demonstrate the exponential rise in ESBL-KP rates in Saudi Arabia, and the 
spread of antibiotic resistance genes among K. pneumoniae strains in healthcare 
facilities where occasional outbreaks of ESBL-KP occur, and in communities as well. 
In this review, we will examine these reports to determine the prevalence and 
dissemination of ESBL-KP in Saudi Arabia, as well as the associated antibiotic 
susceptibility patterns, resistance mechanisms, and molecular characterization of 
ESBL enzymes. 
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Introduction 

Klebsiella pneumoniae is a gram-negative, encapsulated, nonmotile bacilli belonging to the Enterobacteriaceae family [1]. It was 

first discovered in the 19th century by Carl Friedlander, who isolated the bacterium from the lungs of a deceased pneumonia 

patient, and it was dubbed then Friedlander’s bacterium [2]. K. pneumoniae is ubiquitously found in soil and water, as well as 

innocuously colonizing mucosal surfaces of the gastrointestinal, and respiratory tracts of humans and animals. However, once 

they breach these barriers and make their way into other tissues, numerous infections occur [1, 3]. This leads to serious infections 

such as pneumonia, urinary tract infections, liver abscesses, and wound infections, as well as life-threatening cardiovascular and 

blood-stream infections, including endocarditis and septicemia [4]. Over the last few decades, K. pneumoniae has become 

notoriously multi-drug resistant (MDR) to almost every available antibiotic through several antimicrobial resistance 

mechanisms, and causes infections with much more severity [5]. K. pneumoniae has become one of the most prevalent hospital-

associated pathogens, accounting for one-third of infections caused by Enterobacteriaceae [6]. This has made treatable infections 

more difficult to treat, and complicated infections have become more life-threatening with limited treatment options, leading to 

high morbidity and mortality rates worldwide [7]. The versatile pathogenicity of K. pneumoniae could be attributed to the ability 

to evade the immune system and evolve into hypervirulent strains by acquiring antimicrobial resistance genes. In fact, K. 

pneumoniae are considered reservoirs of antimicrobial resistance genes, which could be transmitted to other gram-negative  
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bacteria. Furthermore, many detected genes in MDR bacteria 

were identified first in K. pneumoniae [8, 9]. 

The opportunistic nature of K. pneumoniae is maintained by 

its resilient behavior, and diverse resistance mechanisms, 

including alterations in the plasma membrane permeability, 

variations in antibiotics binding sites, and the adaptability of 

its metabolic pathways to adverse surrounding conditions [6]. 

Nonetheless, the two main culprits contributing to multi-drug 

resistance are efflux bumps [10], and the ability to produce 

various degradative enzymes that target, and destroy 

antibiotics, mainly β-lactamase enzymes [11]. β-lactamases 

are the most well-studied group of bacterial enzymes that are 

capable of hydrolyzing β-lactam antibiotics [Hamilton-Miller 

& Smith 1979 cited in; [12]. It has been hypothesized that 

penicillin-susceptible enzymes involved in cell wall synthesis 

are the precursors from which beta-lactamases have evolved 
[12]. In 1980, the ambler classification was first devised as a 

molecular and structural classification of β-lactamases 

utilizing the difference in amino acid sequences to group the 

β-lactamases into four similar groups from A through D [12, 

13]. In 1983, the first report of β-lactamases capable of 

hydrolyzing extended-spectrum cephalosporins in K. 

pneumoniae strains was documented in Germany [14]. These 

enzymes were denoted as extended-spectrum β-lactamases 

(ESBL). ESBLs are classified as a group of class A β-

lactamases [12]. They are encoded by genes found on bacterial 

plasmids [15], and are isolated from a wide range of 

Enterobacteriaceae family and other gram-negative and 

some gram-positive bacteria. Nowadays, over 150 types of 

ESBLs have been described worldwide [16]. However, the 

most commonly identified ESBL types are derived from 

TEM-1, TEM-2, SHV-1 [17], and CTX-M type ESBLS [18]. 

ESBL-producing K. pneumoniae were found to be resistant 

to penicillins, first-, second-, and third-generation 

cephalosporins, the monobactam aztreonam, and can be 

inhibited by β-lactamase inhibitors such as clavulanic acid. 
[19]. Resistance has also been reported against other antibiotic 

classes, such as aminoglycosides, cotrimoxazole [20], 

fluoroquinolones [21], and sulfonamides [22]. This article aims 

to review regional reports and evaluate the prevalence of 

ESBL-KP in Saudi Arabia. We will also investigate the 

antimicrobial profile pattern, and examine the molecular 

characterization of ESBLs and other mechanisms of 

resistance expressed by ESBL-KP strains in Saudi Arabia. 

 

Materials and Methods 

Literature pertaining to the prevalence, current updates, and 

molecular characterization of extended spectrum-beta-

lactamase-producing Klebsiella Pneumoniae in Saudi Arabia 

was thoroughly searched, using various search engines, 

including Google Scholar, PubMed, and Web of Science. The 

search was filtered for research articles from 2009 to 2023 

conducted in Saudi Arabia. Keywords were: ‘Klebsiella 

pneumoniae,’ ‘Enterobacteriaceae,’ ‘Saudi Arabia,’ and 

‘Extended-spectrum-beta-lactamase.’ In addition, articles 

concerning Klebsiella pneumoniae, antimicrobial resistance, 

and international studies on ESBL-producing K. pneumoniae 

were reviewed, to gain a broader perspective on the subject 

and compare local findings with others from around the 

world. 

  

Epidemiology 

Prevalence of ESBL-KP in Saudi Arabia 
The rapid spread of ESBL-producing Enterobacteriaceae, 

particularly K. pneumoniae, in Saudi Arabia poses a 

significant public health threat. It is predicted that there is a 

yearly increase of 38% in ESBL cases, with most reports 

coming from the central region [23] and the lowest reported in 

the southern region. In addition, various studies were carried 

out in other regions to assess and predict antibiotic 

susceptibility patterns, risk factors, and resistance 

mechanisms. Table 1 summarizes the prevalence of ESBL-

KP in Saudi Arabian regions. Several reports from the 

western region demonstrated the rising rates of ESBL-KP in 

healthcare facilities. A study by Al Zahrani et al. in the Taif 

region reported a 17.65% isolation rate of ESBL-KP [24]. 

However, a 2021 study found that the rates of ESBL-KP have 

risen to 33.33% [25]. In Makkah region, A study from 2012 

concluded a 37.1% rate of ESBL-KP isolation [26]. However, 

these rates have increased exponentially in the last decade, as 

demonstrated by Kabrah, A., who in 2022 identified that 

41.6% of K. pneumoniae isolates were ESBL-KP [27]. These 

findings are supported by research spanning over eleven 

years, which observed a significant increase in resistance 

against all classes of antibiotics [28]. Similarly, a more recent 

study in Jeddah found the prevalence of ESBL-KP was 

approximately 37% [39]. Meanwhile, Mogahid and others in 

Medina found in their study that the rate of ESBL-KP among 

other K. pneumoniae strains was 21.84% [29]. The high rates 

of ESBL-KP and the dissemination of antibiotic resistance in 

the western region could be linked to the mass religious 

gatherings in the Hajj and Umrah seasons, during which 

millions of people from around the world visit Makkah and 

Madina [30]. Few reports investigating ESBL-KP were 

reported In the southern region. For instance, a study looked 

into uropathogens isolated from adult females in Najran 

region found only one ESBL-KP isolate out of 123 isolated 

gram-negative bacteria [31]. However, the ESBL-KP rates 

increased to 19.4% in Al-Baha [31], and 54% in Khamis 

Mushait [32]. Furthermore, Almogbel and others from Hail 

region were the first to report an outbreak of ESBL-KP in a 

neonatal intensive care unit in the northern region, where 

87.5% of K. pneumoniae isolates were ESBL-producing 

strains [33]. In a separate cross-sectional study from Al-Jouf 

region, an analysis of bloodstream infection revealed that K. 

pneumoniae was the most common causative pathogen 

(61%), with 19.05% found to be ESBL-KP [34]. Other studies 

in Hafer Albaten and Turaif regions reported ESBL-KP 

isolation rates of 22.8% and 27%, respectively [35, 36]. 

Whereas a high rate of 46.67% has been reported by Al-

qahtani and others in Tabuk [37]. In an earlier study from Al-

Ahsa in the eastern region, it was found that 38.14% of 97 

ESBL-producing isolates were ESBL-KP [38]. In contrast, 

98% of K. pneumoniae isolates were producing ESBLs in a 

recent study from the Al-Hofuf region [39]. In Dammam, an 

earlier report indicated a lower ESBL-KP rate of 25.2% [40]. 

However, a study published a few years later reported an 

increase in ESBL-KP incidences in hospitals where the 

isolation rate reached 42.1% [41]. Varying data from the 

central region had been reported in the past. For instance, a 

2009 study in Al-kharj region found that the rate of ESBL-

KP was as low as 10.6% [42]. However, a study conducted in 

Riyadh the same year concluded a much higher rate of 55% 
[43]. The reports on ESBL-KP in Riyadh in the following years 

were consistent with previous findings; ranging between 35% 
[44, 45] and 90.1% [46]. Recently, the lowest rate of ESBL-KP in 

Saudi Arabia was reported from Al-Jouf region at 19.05%. 

Simultaneously, the highest rate of 98% was recorded in both 
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Riyadh and Al-Hofuf regions. The aforementioned data 

demonstrate the considerable variation in the dissemination 

of ESBL-KP between regions of Saudi Arabia. This could be 

due to the size of the samples investigated, and the increased 

consumption of different antibiotics at the time of sample 

collection at different healthcare facilities [40]. Nonetheless, 

these reports cemented the fact that ESBL-KP rates had 

increased drastically compared to the past two decades. In 

comparison with international data, the rate of ESBLs in 

Saudi Arabia is considered in the middle of the spectrum. 

High rates were reported globally, as in Russia, at 60.8% [47]. 

While other countries reported comparatively low rates, such 

as 8.6% in the Netherlands [48]. 

 
Table 1: A summary of regions of Saudi Arabia and the rates of ESBL was reported. 

 

Region of Research Year of publishing Total no. of K. pneumonia isolates No. of ESBL-KP isolates (rates). Reference 

Taif 2020 30 33.33% [25] 

 2016 16 18.75% [24] 

 2018 83 23.6% [49] 

Makkah 2012 191 22.5% [26] 

 2022 175 8.57% [27] 

 2023 9014 22% [28] 

Medina 2016 87 21.84% [29] 

Jeddah 2021 200 37.5% [50] 

Najran 2021 10 10% [51] 

Albaha 2020 67 19.40% [31] 

Khamis Mushayt 2015 43 53.49% [32] 

Ha’il 2021 48 87.5% [33] 

Aljouf 2020 63 19.05% [34] 

 2022 79 36.7% [52] 

Hafer Albatin 2014 412 22.8% [35] 

Turaif 2023 37 27% [36] 

Tabuk 2023 10 46.67% [37] 

Al-Ahsa 2009 35 17.14% [53] 

Al-Ahsa 2013 97 38.14% [38] 

Al-Hofuf 2021 78 98% [39] 

Dammam 2014 107 25.2% [40] 

 2019 352 42.1% [41] 

Al-kharj 2009 328 10.37% [42] 

Riyadh 2009 400 55% [43] 

 2014 98 37.75% [44] 

 2015 77 35% [45] 

 2017 21 90.5% [46] 

 2018 294 18.37% [54] 

 2020 50 98% [55] 

 

Antibiotic Susceptibility Patterns associated with ESBL-

producing K pneumoniae 

Several reports detailing antibiotic susceptibility profiles of 

ESBL-KP from different regions in Saudi Arabia were 

collected and analyzed to demonstrate the pattern of 

increasingly rising antimicrobial resistance, which could be 

seen across all antibiotic classes. For decades, ESBL-KP has 

been increasingly developing resistance against commonly 

used beta-lactam antibiotics; more specifically, ampicillin 

and cephalosporins have shown low reactivity against ESBL-

KP. For ampicillin, numerous studies have proven 100% 

resistance. [25, 26, 31, 32, 38, 49, 50, 54], while other strains showed 

resistance greater than 90% [24, 27-29, 51, 56]. Intermediate 

resistance of 20% to 42% was detected against 

amoxicillin/Clavulanate [27, 31, 49, 50]. However, other studies 

showed that this percentage has risen to 91% [39, 43, 57]. 

Similarly, high resistance was reported against piperacillin, 

with most tested strains being resistant. [38, 43, 54, 58], while 

others reported resistance of at least 80% of tested ESBL-KP 
[25, 56]. 

Cephalosporins efficacy has greatly decreased due to the 

rising resistance of ESBL-KP. With first-generation 

cephalosporins, 100% resistance in test strains was detected 

while testing Cephalothin [50] and Cefazolin [38, 49, 54], 

whereas other studies recorded resistance of at least 90% of 

strains for both antibiotics [29, 34, 57]. Second-generation 

cephalosporins were similar; with cefuroxime, the resistance 

rate was at least 73% [34, 56-58], soaring to 100% in several 

other studies [38, 49, 54]. Likewise, the resistance to third-

generation cephalosporins is very well-documented. 

Ceftazidime and cefotaxime have been used extensively as 

indicators for ESBL production, and several studies have 

detected a 100% rate of resistance for both antibiotics [24, 44, 

49, 54]. While resistance rates ranging between 70% to 95 % 

for ceftazidime [27, 28, 34, 37, 39, 43, 46, 57, 58], and between 70% to 

97% for cefotaxime [27, 28, 31, 34, 37, 43, 50, 56] were reported. 

Moreover, high resistance to the fourth-generation 

cephalosporin cefepime has been documented, with many 

studies highlighting rates ranging from 68% to 93% [27, 28, 34, 

43, 46, 52, 56-58]; others reported complete resistance [24, 49, 54]. The 

monobactam aztreonam has become increasingly less 

effective against ESBL-KP strains as higher resistance rates 

starting from 79% [29, 34, 39, 46, 57] and reaching 100% were 

detected [44, 49]. Fluoroquinolones are also facing the same 

challenge; several studies have shown high resistance to 

ciprofloxacin, which has reached 86% [40, 46, 50], while other 

studies have shown moderate resistance between 48% and 

61% [27, 49, 56] Additionally, a higher resistance of 98% against 

Chloramphenicol was reported [50]. Another combination 

antibiotic, trimethoprim-sulfamethoxazole, has recorded 
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decreased susceptibility to 33% [43] most studies had proven 

high resistance rates starting from 72% to 93% [27-29, 40, 50, 57]. 

Recent reports have shown that resistance against 

Nitrofurantoin was at 75% [58] and reached 100% in other 

studies [24]. Aminoglycosides have been used widely to tackle 

resistance to first-, second-, and third-generation 

cephalosporins and in cases with carbapenemases 

production. However, ESBL-KP strains have started 

developing resistance to various aminoglycosides. Low to 

moderate resistance rates between 11% and 57% for 

gentamicin have been routinely reported [27-29, 31, 41, 46, 49, 56-58]. 

In recent years, higher resistance between 76% [46] and 100% 

was observed [33, 44]. Unlike gentamicin, reports on Amikacin 

have shown consistently effective against ESBL-KP, with 

almost all ESBL-KP strains being susceptible to amikacin in 

several conducted studies [31-33, 40, 41, 54]. Nonetheless, low to 

moderate rates of resistance between 10% to 47% were 

documented as well [28, 29, 43, 44, 46, 49, 56, 57]. In addition to 

amikacin, imipenem, tigecyclines, and colistin were found to 

have the highest effectiveness against ESBL-KP [25, 28]. 

Despite reports indicating high susceptibility of ESBL-KP 

strains reaching a rate of 100% [33, 38, 44, 49], Resistance against 

imipenem investigated in more recent studies showed low to 

moderate resistance rates between 6.6% and 52% [25, 27, 46, 50, 

57]. Other reports found that this percentage has risen over the 

past decade, reaching over 60% [28, 34, 52]. Meropenem was 

shown to be slightly more active against ESBL-KP than 

imipenem. Numerous reports indicated that almost all ESBL-

KP test strains were susceptible to meropenem [32, 38, 49], with 

low resistance between 32% and 43% [46, 57]. However, A 

2020 study examining outbreaks of ESBL-KP in intensive 

care units found that 61% of isolated strains were resistant to 

meropenem [58]. On the other hand, ertapenem had reports of 

varying resistance; low to moderate rates between 7% and 

65% were reported by different clinical studies [46, 54, 57, 58]. A 

2022 study reported that resistance to ertapenem has reached 

86% [52]. The latest finding confirms that ertapenem 

resistance is becoming increasingly linked with ESBL 

production in K. pneumoniae. Tigecycline is a common 

antibiotic of choice against ESBL-KP and carbapenemase-

producing K. pneumoniae, which retained its efficacy against 

these bacteria in the past decade with low rates of resistance 

reported between 8% to 30% [28, 49, 57] and proven efficiency 

reaching 100% against ESBL-KP [24, 31, 34, 38, 41, 44, 46]. Colistin 

have also maintained high effectiveness against ESBL-KP at 

100% [31, 44], with low resistance detected from 5% to 25% [28, 

46]. However, the isolation of colistin-resistant K. 

pneumoniae has increased in the past years, as a 2020 study 

found that the susceptibility of test isolates had decreased to 

65% [58]. These findings, along with continuous hospital 

reports, warrant immediate action to prevent the rising 

resistance and dissemination of resistant strains and further 

escalation in the severity of infections. 

 

Risk Factors contributing to the acquisition and spread of 

ESBL-KP reported in Saudi Arabia 

In our research, we have observed several factors that were 

closely associated with or directly causing ESBL-KP 

infections. Several studies from Saudi Arabia found that 

higher incidences of ESBL-KP infection and antibiotic 

resistance were observed in male patients in comparison to 

female patients [25, 50]. Moreover, there was a distinction 

between the antibiotic resistance profiles between genders. 

Although these findings were found to be statistically 

insignificant [25]. Similar observations were made by other 

studies where higher rates of ESBL-KP isolates were 

recovered from male patients more than female patients [27, 28, 

35, 41, 54, 58-61]. In addition, there was an association between the 

infection site and the rate of ESBL-KP isolation. Lagha and 

others reported the highest ESBL-KP rate in sputum 

specimens, followed by urine, blood, and wound specimens, 

despite not finding any statistical significance [25]. Other 

studies supported the observation of sputum being the most 

common specimens from which ESBL-KP were isolated, 

followed by blood and urine specimens [27, 58]. By contrast, 

most studies found that the majority of ESBL-KP isolates 

were recovered from urine specimens [26, 29, 35-38, 45]. However, 

an 11-year study on ESBL-KP in Makkah found that the 

highest rates of ESBL-KP were isolated from blood 

specimens, followed by sputum specimens [28]. This suggests 

the high possibility of ESBL-KP being one of the leading 

causes of bloodstream and respiratory tract infections [34, 62]. 

These conflicting results could be due to variations in 

research settings; in some studies, samples were obtained 

from general hospitals, while other studies were carried out 

in community settings [36]. In addition, older patients were 

more predisposed to the detrimental infections of ESBL-KP 
[34, 35, 41], as one study found that the average age of most 

affected individuals was 59.3±2.8 [28]. This could be due to 

their weakened immune system, which is incapable of 

suppressing such infections. Furthermore, prolonged 

hospitalization appears to be one of the important factors 

contributing to acquiring ESBL-KP infections, as found in 

many studies [28, 34-36, 58]. Also, the overconsumption of 

antibiotics coupled with the lack of stewardship over the use 

of broad-spectrum antibiotics, as well as previous history of 

using cephalosporins and quinolones, were all strongly linked 

to the spread and persistence of ESBL-KP [36, 44, 53, 63]. Another 

significantly important factor contributing to the spread of 

infections and antibiotic resistance genes is mass religious 

gatherings during Hajj and Umrah seasons, which has 

facilitated the spread of antibiotic-resistant pathogens, 

especially ESBL-KP [30]. Most frequently, these genes co-

exist in strains more than being carried individually. The co-

existence of SHV- and CTX-M type ESBLs confer higher 

resistance than either of these genes alone, and TEM-type 

ESBLs were the least selected genes [39]. 

 

Antibiotic Resistance mechanisms 

The multi-antibiotic resistance exhibited by ESBL-KP is 

acquired through the transmission of plasmid-encoded genes 

for ESBLs. Since the early discovery of ESBLs, most 

detected enzymes were derived from mutations of class A 

TEM-1, TEM-2, and SHV-1 type β-lactamases, which are 

closely related according to amino acid sequence homology. 

However, several other types which were not TEM- or SHV-

derived were discovered [17], notably class A CTX-M β-

lactamases [18]. In the last few decades, there has been a shift 

in the ESBLs population as CTX-M-type β-lactamases are 

becoming the most predominant ESBLs in clinical isolates, 

followed by SHV- and TEM-type ESBLs. High rates of 

CTX-M ESBLs were also reported globally; 83% in Spain 
[64], 82.1 % in India [65], 100% in China [66], 30% in Iran [67], 

51% in Canada [68], 49% in Brazil [69], 40.4% in Kenya [70], 

and 34.9% in Russia [47]. In Saudi Arabia, several reports 

were made pertaining to the molecular pattern and prevalence 

of ESBLs. For instance, one study concluded that 98% of 

isolates harbored CTX-M ESBL genes [55]. Other studies have 
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also demonstrated this high prevalence of CTX-M-type 

ESBLs in K. pneuumoniae [29, 40, 50]. As well as the co-

expressions of ESBLS and other β-lactamases that are 

classified as carbapenemases, such as OXA-48, NDM, VIM, 

IMP, and KPC-type β-lactamases [52, 55, 61]. And AmpC β-

lactamases genes such as blaCYM-2 were also found in 

ESBL-KP. Furthermore, several other studies detected the 

co-expression of ESBLs and other antibiotic-resistance 

genes, such as the loss of one or more porin channels. These 

are non-specific porin channels responsible for transferring 

antibiotics into the bacterial cell, and their downregulation 

could lead to pan-drug resistance [52]. The absence of 

OmpK35 and/or OmpK36 porin channels was detected in 

ESBL-KP strains [43, 52]. The loss of porins could account for 

the acquired carbapenem resistance in ESBL-KP strains [71]. 

This further supports the hypothesis stating that porin loss is 

a significant contributor to antibiotic resistance, especially β 

-lactam antibiotics [72]. In addition, the multidrug efflux pump 

systems contributed greatly to antibiotic resistance. A study 

investigating MDR K. pneumoniae found that most isolates 

(93.33%) harbored the acrAB gene (multidrug efflux pump 

systems), while few isolates had the mdtK gene encoding for 

the multidrug efflux pump system. Moreover, The tolC gene 

coding for the transport channel was prevalent among K. 

pneumoniae at 83.33% [25]. There is also a significant 

correlation between the expression of acrAB gene, which 

codes for both a periplasmic protein (AcrA) and a transporter 

protein (AcrB) [73], and the tolC gene that results in Tolc, 

which is the outer membrane channel. This channel and 

periplasmic and outer membrane proteins work cooperatively 

to expel metabolites and antibiotics, contributing to antibiotic 

resistance [74]. 

 

Molecular characterization of ESBLS reported in Saudi 

Arabia 

Numerous studies were carried out in Saudi Arabia to 

investigate the molecular patterns behind antibiotic resistance 

mechanisms in ESBL-KP. Generally, CTX-M types ESBLs 

are becoming the most predominant ESBLs in clinical 

isolates, followed by SHV- and TEM-type ESBLs [16, 29, 46]. 

Molecular analysis revealed that 80.4% of ESBLs were CTX-

M type ESBLs [26]. The first detection of blaCTX-M genes in 

Saudi Arabia was reported by Al-Agamy and others in 

Riyadh, where high rates of blaCTX-M-1 and blaCTX-M-9 

genes were found in ESBL-KP isolates [43]. The same findings 

of blaCTX-M-1 prevalence were also reported in other 

regions [24, 40, 45, 46, 52]. Among CTX-M group 1 β-lactamases 

genes, blaCTX-M-15 has become the most commonly 

detected ESBL causing antibiotic resistance in Saudi Arabia 

and globally [23, 40, 44, 55, 75]. BlaCTX-M-15 genes were 

reported in the majority of ESBL-KP isolates for the first time 

in an outbreak in NICU in Hail region, As well as blaSHV-

12 and blaTEM-1 genes were co-expressed at a higher rate, 

conferring resistance to oxyimino-cephalosporins, and faster 

dissemination of infections [33]. This could explain the reason 

behind the outbreak, as the rapid dissemination and 

prevalence of ESBL-KP has been globally associated with 

the spread of blaCTX-M-15 genes [76]. Moreover, it has been 

reported the presence of CTX-M group 1 β-lactamases which 

are variants of blaCTX-M-15, including blaCTX-M-3, 

blaCTX-M-57, and blaCTX-M-82 genes, as well as blaCTX-

M-27 which is a variant of blaCTX-M-14 and belongs to 

CTX-M group 9 in ESBL-KP isolates for the first time in 

Saudi Arabia [44]. These ESBL variants were further 

confirmed by Al-Agamy and others in later years [46]. CTX-

M-15 ESBLs were also the predominant ESBLs in Egypt, the 

United Arab Emirates, and Kuwait [43]. Furthermore, 

blaSHV-12,blaSHV-28, and blaSHV-5 were also among the 

most commonly detected SHV- type β-lactamases in Saudi 

Arabia, and blaTEM-25 and blaTEM-52 were found in fewer 

isolates [44, 52]. A study by Alqahtani and others was able to 

detect that blaSHV genes, including blaSHV-12, blaSHV-1, 

and blaSHV-5, were the most prevalent β-lactamases 

followed by blaCTX-M, with blaTEM-1 having the lowest 

rate. Other studies had found that blaSHV was more 

prevalent β-lactamases in ESBL-KP isolates [38, 40, 44, 45]; 

blaTEM was also detected, however, to a lesser degree [38, 44]. 

In several studies, the co-expression of CTX-M, SHV, and 

TEM was a common occurrence, with higher rates of the 

coexistence of CTX-M and SHV ESBLs [39, 40]. 

 

Conclusion 

In the past two decades, ESBL-KP isolation has become a 

common occurrence in healthcare facilities around Saudi 

Arabia. In addition to the rising rates of ESBL-KP infections, 

reports have exhibited the dissemination of resistance genes, 

causing the bacteria to become resistant to a wider range of 

antibiotics to which they were previously susceptible. 

Various factors contribute to the widespread spread of ESBL-

KP, including the lack of stewardship over antibiotics use, 

and the ease with which ESBL genes emerge and disseminate 

among K. pneumoniae strains. Numerous studies examining 

routine cases and in-hospital outbreaks of ESBL-KP found 

that CTX-M-15-type ESBLs were the most common ESBLs 

in Saudi Arabia, which is responsible for faster 

dissemination, and has a higher association with other 

resistance mechanisms, including the expression of several 

carbapenemase genes. Therefore, preventative measures, 

including strict infection control practices among healthcare 

providers, especially those working with hospitalized 

patients, are crucial, as well as early detection and treatment 

to contain the infection. Carbapenems and carbapenem-

comprised treatment regimens, colistins and tigecycline, are 

the current treatment options for ESBL-KP. However, the 

rise of carbapenem and colistin resistance genes in ESBL-KP 

and other Enterobacteriaceae is a huge public health risk that 

necessitates finding new and efficient antimicrobial 

treatments. 
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