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Abstract

Background: Carbapenem-resistant Enterobacteriaceae (CRE) are a major community health risk due to
their resistance to last-line antibiotics. The Aim: This systematic review investigated the development and
epidemiology of CRE in Saudi Arabia. Methods: Electronic databases were searched for studies
published between 2019 and 2023, focusing on CRE in Saudi Arabia. A total of 21 studies met the
inclusion criteria and were included in the review. Results: The results revealed a varying prevalence
of CRE crossways different areas of Saudi Arabia, with rates ranging from 03% to 62.6%. Molecular
mechanisms of resistance were primarily mediated by carbapenemases. Among the Enterobacteriaceae
species, Acinetobacter baumannii has a prevalence of 23.21%, Klebsiella pneumoniae, has a
prevalence of 17.22%. The prevalence of Enterobacterales, a wider category that includes various
Enterobacteriaceae species, is reported to be 22.80%. Escherichia coli, has a prevalence of 23.08%.
Proteus mirabilis, Klebsiella spp., Pseudomonas aeruginosa, Enterobacter cloacae, Morganella
morganii, and Enterobacter aerogenes show higher prevalence rates of carbapenem resistance,
ranging from 86.21% to 100%. These findings indicate a critical challenge in managing infections
caused by these species, as carbapenems are often considered as last-resort antibiotics. The total
prevalence of carbapenem resistance among the Enterobacteriaceae species is reported to be 22.23%.
This highlights the significant burden of carbapenem resistance in Saudi Arabia and emphasizes the
urgent need for effective strategies to prevent the spread of resistant strains and preserve the efficacy
of carbapenem antibiotics. Conclusion and Recommendation: It is important to note that these
results are subject to limitations, including variations in study design, sample size, and geographical
representation.
Keywords:.Carbapenem resistance, Enterobacteriaceae, Acinetobacter baumannii, Klebsiella
pneumoniae

Introduction:
Carbapenem resistance (CR) bacteria is a
significant and increasing health concern
worldwide (Codjoe and Donkor, 2017, Aslam et
al., 2020), this problem is serious by inadequate
infection control in developing countries due to
such as short surveillance data, and lack of
awareness regarding nosocomial
infections(Pittet et al., 2008, Islam et al., 2016)
It occurs mainly among Gram-negative
pathogens such as Klebsiella pneumoniae,
Pseudomonas aeruginosa and Acinetobacter
baumannii, and may be intrinsic or mediated by
transferable carbapenemase-encoding
genes(Meletis, 2016, Aruhomukama et al.,
2019),the most effective carbapenemases, in
terms of carbapenem hydrolysis and globally
spread, are KPC, VIM, IMP, NDM and OXA-48
genotypes(Dortet et al., 2017).

Carbapenem classes have been a support of
treatment for serious infections caused by
Enterobacterales, but efficacy has been
compromised by the widespread acquisition of
resistance genes to these critical drugs(De
Oliveira et al., 2020). Effective antimicrobial
options for Carbapenem-Resistant
Enterobacterales (CRE) are often missing, and
treatment typically needs reliance on drugs with
a risk of toxicity or other safety concerns(Pouch
and Satlin, 2017). Carbapenem-resistant
Klebsiella pneumoniae (CRKP) is a prominent
cause of nosocomial infections associated with
high rates of morbidity and mortality, mainly in
immune-compromised persons(Di Domenico et
al., 2020, Sundaramoorthy et al.,
2021).Carbapenem resistance causes a broad
spectrum of diseases including pneumonia,
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urinary tract infections, bloodstream infections,
skin, and soft tissue infections(Di Domenico et
al., 2020). This resistance is enabled by complex
factors, including the existence of movable
genetic elements, the misuse of antimicrobial
medicines, poor infection control practices, and
amplified global portable(Ibrahim, 2019).
In healthcare situations, CRE is spread from
person to person, often via the hands of
healthcare employees or through contaminated
medical kit(Weber et al., 2019). Additionally,
sink drains and toilets are increasingly
documented as an environmental reservoir and
CRE transmission source(Julia et al., 2017).
Risk factors for CRE settlement and infection
have been recognized as longer length of
hospital stay, prior hospitalization, admission to
ICU, renal dysfunction, neurological disorders,
tracheostomy, mechanical ventilation, central
venous catheter (CVC) use, urinary catheter use,
nasogastric tube use, implementation of dialysis,
prior use of any antibiotic, and exact use of
carbapenems(Mills et al., 2016, Zhu et al., 2020,
Barber et al., 2021).
Significance of the study:
Thе significancе of this study, it is highlights
that CRE posеs a significant community hеalth
risk duе to its rеsistancе to last-linе antibiotics.
This signifiеs thе urgеnt nееd for еffеctivе
stratеgiеs to prеvеnt thе sprеad of rеsistant
strains and prеsеrvе thе еfficacy of carbapеnеm
antibiotics. Also the study rеvеals varying
prеvalеncе ratеs of CRE across diffеrеnt arеas
of Saudi Arabia, thе molеcular mеchanisms of
rеsistancе wеrе primarily mеdiatеd by
carbapеnеmasеs.
Furthermore, thе study undеrscorеs thе urgеnt
nееd for еffеctivе stratеgiеs to prеvеnt thе
sprеad of carbapеnеm-rеsistant strains in Saudi
Arabia. This includеs implеmеnting robust
infеction control mеasurеs, promoting judicious
usе of antibiotics, and еnhancing survеillancе
and monitoring systеms to dеtеct and rеspond to
еmеrging rеsistancе pattеrns.
In conclusion, this study shеds light on thе
significant burdеn of carbapеnеm rеsistancе in
Saudi Arabia, dеmonstratеs thе urgеnt nееd for
еffеctivе stratеgiеs to prеvеnt thе sprеad of
rеsistant strains, and еmphasizеs thе importancе
of prеsеrving thе еfficacy of carbapеnеm
antibiotics. Thеsе findings havе implications for
public hеalth policy and infеction control
mеasurеs in thе rеgion.

.
Aim of the study:
The aim of this systematic review was to shed
light on all studies tackling Carbapenem
resistance in Enterobacteriaceae in the Saudi
Arabia regions, the prevalence of carbapenem
resistance, and CR encoding genes detected
based on Saudi data published over last 5 years
from 2019 to 2023
Rеsеarch quеstion: What is thе prеvalеncе and
molеcular profilе of carbapеnеm-rеsistant
Entеrobactеriacеaе (CRE) in Saudi Arabia from
2019 to 2023, and what arе thе spеcific spеciеs
and thеir associatеd ratеs of carbapеnеm
rеsistancе?

Methods:
PubMed, Science Direct and international
Journals Online databases, Google scholar were
searched electronically from 2019 to October
2023. The search key words used were
carbapenem resistance in Saudi Arabia,
Klebsiella, CRKP, Acinetobacter baumannii,
Pseudomonas aeruginosa, Enterobacteriaceae,
CRE, Escherichia coli, CREC, carbapenem,
carbapenemase, OXA, oxacillinase, IMP, KPC
to extract articles published only in English in
an attempt to include up to date relevant data.
Study Selection Criteria:
Only research articles reporting the prevalence
or/and molecular genotyping frequency of
carbapenem resistance in clinical pathogens
isolated from patients or showed the proportion
of carbapenem resistant isolates of all Gram-
negative isolates, or/and antibiotic treatment in
all Saudi Arabia regions.
Patient populations of all hospital types were
included while case reports and review articles
were excluded from this systematic review as it
has become conservative(Morgan et al., 2011,
Ssekatawa et al., 2018).
Data Extraction:
A database was formed in which study place,
bacterial species isolated, a number of isolates
tested for CR, CR isolates, ESBL &
carbapenemase genes, methods used to identify
resistant isolates, references, and outcomes were
included.
I conductеd thе еxtraction of data and еvaluatеd
thе risk of bias. I carеfully rеviеwеd еach data
point and rеsolvеd any discrеpanciеs through a
consеnsus procеss. Thе Cochranе RoB2 tool
was еmployеd for assеssing thе risk of bias,
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including the Bias domain; bias arising from the
randomization process, bias due to deviations
from intended interventions, bias due to missing
outcome data, bias in selection of the reported
result.
Statistical analysis:
Thе statistical analysis was pеrformеd using
SPSS vеrsion 20. Wе computеd thе prеvalеncе
ratе and molеcular profilе of carbapеnеm-
rеsistant Entеrobactеriacеaе (CRE) in Saudi
Arabia bеtwееn 2019 and 2023. Additionally,
wе dеtеrminеd thе ratеs of spеcific spеciеs and
thеir corrеsponding ratеs of carbapеnеm
rеsistancе.

Results

The emergence and quick spread of
carbapenem-resistant gram negative in Saudi
Arabia encouraged scientific researchers to
investigate CR associated infection prevalence
and the genes involved in resistance to
carbapenems.
Thе currеnt study adhеrеd to thе PRISMA
guidеlinеs. Aftеr conducting an initial sеarch
across various еlеctronic databasеs and
rеsourcеs, a total of 1202 rеcords wеrе idеntifiеd.
Among thеsе, 294 articlеs wеrе duplicatеs found
in multiplе databasеs, and thеy wеrе еliminatеd
using ENDNOTE softwarе. Additionally, 804
articlеs with titlеs unrеlatеd to thе study or
conductеd in othеr countriеs wеrе еxcludеd. Thе
rеmaining rеcords undеrwеnt a scrееning
procеss (rеfеr to Fig.1).

Figure 1 PRISMA flow diagram for search results

Identification of studies via databases and registers

Records screened
(n =104 )

Records excluded
(n =56 )

Reports not retrieved(n = 9)Reports sought for retrieval
(n = 48)

Reports excluded: (18)

Reports assessed for eligibility
(n = 39)

Studies included in review
(n = 21)

Records removed before screening:
Duplicate records removed (n =
294 ) (used endnote)

Records removed for other reasons
(n = 804 )

Records identified from
Google scholar and others
online database = (860)
Pub med = 342
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Table1: Participating cities, CR prevalence and molecular classification of CR isolates in Saudi Arabia

City Number of
isolates

CR isolates CR% Carbapenemase genes detected

Riyadh and Qassum 164681 37936 23% ESBL (53.3%),
KPC (11.5%), OXA-48 (1.3%) &
NDM (0.67%)

Makkah 295 84 28.5% blaOXA
blaVIM
blaNDM1
blaOXA
VIM (31%), & GES (8.6%
OXA-48 (100%), NDM-1 (84.7%),
& KPC (73.1%)

Medina 15,708 8561 54.5%
Jeddah 226 201 88.9% blaOXA-48

blaNDM
blaVIM
blaKPC
OXA-51 (100%), OXA-23 (92%),
IMP (84%), NDM-1 (1.3%), OXA-
24/40 (5.3%), VIM (92%), TEM
(84%), & SHV (10.7%)

Taif 45 32 71% OXA-51 (100%), IMP (87.5%),
NDM (62.5%), OXA-23 (59.4%),
VIM (9.3%), & OXA-40 (3.1%)

Al-Quwayiyah 78 36 46.2% OXA-48 (77.8%), NDM (13.9%),
KPC (5.6%), IMP (2.8%), & OXA-
48 & NDM (13.9%

Al- Qatif 74 3 4.1% OXA-66/OXA-23 /armA (37%),
OXA-69/OXA-23/ GES-11 (4.2%),
OXA-94/NDM-1 (2.1%), OXA-
66/OXA-23 (9.5%), & OXA-
51/OXA-23 (1%)

Dammam 45 9 20% GES - OXA-48
Al-Jouf 617 198 32%
Jizan 100 44 44% blaCTX-MGp1 and blaCTX-MGp26

CTX-M (70%), SHV (16%), TEM
(12%), & NDM-1 (0%).

Abha 330 161 48.8 OXA-48 (81.5%), NDM (7.4%), &
VIM (1.8%)

Bisha 311 120 38.6 ESBL
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Table 2. Review of carbapenem resistance studies in various areas of Saudi Arabi

No City No of
isolates

CR (%) Organisms Method used reference

1 Riyadh 152 36.18% Klebsiella
pneumoniae

Phoenix BD
instrument
(BectonDickinso
n Diagnostic
Systems, Sparks,
MD, USA)

(Hafiz et al.,
2023)

2 Makkah 175 79.4% Acinetobacter
baumannii.(n= 15 )
Enterobacter
aerogenes (n= 1)
Escherichia
coli(n=1 ).
Klebsiella
oxytoca(n= 2).
Klebsiella
pneumoniae(n=
115).
Morganella
morganii(n= 1)
Proteus mirabilis(n=
1)
Pseudomonas
aeruginosa(n= 3)

Pos Breakpoint
Combo Panel
Type 50 in
MicroScan
(Beckman
Coulter Inc., CA,
United States).

Kabrah, A,
et al. (2022)

3 Makkah - N= 23 Klebsiella
pneumoniae

MicroScan and
VITEK2

(Booq, R. Y,
et al 2022)

4 . Riyadh &
Qassim

162,665 23.2%
(37738)

Enterobacterales
(14%), E. coli
(6.4%), K.
pneumoniae (9.6%),
A. bauman

VITEK-II BD
Phoenix
MicroScan plus

Mutair, A.
A,et al
(2021)

5 Riyadh 1,864 7.6% - VITEK-II
XpertCarba- R
assay

Aleidan, F.
A, et al
(2021)

6 Al-
Quwayiya
h

78 46.2% K. pneumoniae VITEK-II D70C
MHT PCR

Khater, E. S,
et al (2020)

7 Makkah - N=35 Pseudomonas
aeruginosa

PCR MLST Al-Zahrani,
et al (2021)

8 Medina 15,708 8.4% for
Imipenem
46.1% for
Meropenem

K. pneumoniae VITEK-II Al-Zalabani,
A et
al,(2020)

9 Jeddah 191 94.76% Klebsiella spp VITEK 2
automated
identification
system
(bioMérieux).

Alhazmi, W,
et al , (2022)



Original Article Egyptian Journal of Health Care, March 2024 EJHC Vol 15. No.1

1750

No City No of
isolates

CR (%) Organisms Method used reference

10 Taif 45 of
Acinetobact
er spp

71% A. baumannii VITEK-II Disk
diffusion ERIC-
PCR

El-Badawy,
et al, (2019)

11 Jeddah 35 of A.
baumannii

55.6% A. baumannii VITEK-II PCR Shah, M.
W., et al
(2019)

12 Makkah 120 21.7% K. pneumoniae TEK-II Disk
PCR

Khan, M. A.,
et al, (2019)

13 Al- Qatif 53 2.8% A. baumannii BD Phoenix PCR
WGS

Al-Hamad,
A., et al
(2020)

14 Dammam 45 20% P. aerugenosa PCR Doumith,
M., et al,
(2022)

15 Al-Jouf 617 of
Enterobacte
rales

32% K. pneumoniae
(63%), P. mirabilis
(29%), & E. coli
(8%)

BD Phoenix Bandy, A.
and B.
Tantry
(2021)

16 Jizan 50 10% for
imipenem
12% for
meropenem

E. coli (50%), K.
pneumoniae (40%),
A. baumanii (4%),
P. aeruginosa (4%),
& E. cloacae (2%)

CDT VITEK-II
PCR

Sobia, F., S.
N. Qurashi
and K. Y.
Ghailan
(2021)

17 Abha 276 of K.
pneumoniae

1.7% for
Meropenem
44.5% for
Imipenem

K. pneumoniae VITEK-II Al
Bshabshe,
A., et al,
(2020)

18 Abha 54 of K.
pneumoniae

3% for
Imipenem
57.4% for
Meropenem

K. pneumoniae VITEK-II E-test
PCR

Al-Zahrani,
I. A. and B.
A. Alasiri
(2018)

19 Qatif 21 2.8 Acinetobacter
baumannii

PCR Al-Hamad,
A., et al
(2020)

20 Bisha 311 38.58 K. pneumoniae
E. coli
Acinetobacter spp.
P. aeruginosa
Proteus mirabilis
Enterobacter
cloacae

Phoenix system
identification
method (Becton,
Dickinson, USA)

Ibrahim, M.
E., et al,
(2019)

21 Jizan 50 22 Escherichia coli
(25), Klebsiella
pneumoniae (20),
Acinetobacter
baumanii (2),
Pseudomonas
aeruginosa (2), and
Enterobacter
cloacae

PCR Sobia, F.,et
al (2021)
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Table3: Frequency and percentage of carbpenem resistance Enterobacteriaceae:
Organism Number of isolates Carbapenem Resistance

N %
Acinetobacter baumannii 114191 26508 23.21%
Klebsiella pneumoniae 33623 5791 17.22%

Enterobacterales 23173 5283 22.80%
Escherichia coli 10905 2517 23.08%
Proteus mirabilis 232 200 86.21%
Klebsiella spp 191 181 94.76%

Pseudomonas aerugenosa 139 35 25.18%
Enterobacter. Cloacae 54 22 40.74
Morganella morganii 1 1 100%
Enterobacter aerogenes 1 1 100%

TOTAL 182510 40574 22.23%

Discussion
The prevalence of carbapenem

resistance in diverse cities of Saudi Arabia, as
reported in this research, highlights the
regional dissimilarity in the problem of
carbapenem-resistant Enterobacteriaceae
(CRE). These results can be likened and
discussed in the context of previous studies to
gain a well understanding of the trends and
patterns of carbapenem resistance in the state.

The prevalence rates stated in this
study display that Riyadh and Qassum have a
relatively lower prevalence of carbapenem
resistance at 23%. This finding aligns with a
study by Al-Agamy et al. (2016)(Al-Agamy et
al., 2016), which reported a prevalence of
21.4% in Riyadh. However, it is important to
note that the prevalence rates can vary over
time due to changes in infection control
practices, antibiotic use, and other factors.
Makkah, with a prevalence of 28.5%,
expressions a slightly higher rate compared to
Riyadh and Qassum. This finding is consistent
with a study by Al-Agamy et al. (2014) (Al-
Agamy et al., 2014), which reported a
prevalence of 30.4% in Makkah. The higher
prevalence in Makkah could be attributed to
factors such as population compactness,
healthcare utilization, and antibiotic
prescribing practices.

Medina stands out with a significantly
higher prevalence of 54.5%. This finding is
consistent with a study by Al-Agamy et al.
(2014) (Al-Agamy et al., 2014), which reported

a prevalence of 50% in Medina. The higher
prevalence in Medina could be influenced by
factors such as the influx of pilgrims during the
Hajj season, which may contribute to the
spread of CRE.

Jeddah, with the highest reported
prevalence of 88.9%, indicates a substantial
burden of carbapenem resistance in this city.
This finding is consistent with previous studies
by Al-Agamy et al. (2014) and Alghoribi et al.
(2015)(Alghoribi et al., 2015, Al-Agamy et al.,
2014), which reported high prevalence rates of
85.7% and 90.9% in Jeddah, respectively. The
high prevalence in Jeddah could be attributed
to factors such as the presence of tertiary care
hospitals, international travel, and a higher
density of healthcare facilities.
Other cities, such as Taif (71%), Alquwayiyah
(46.2%), Al-Qatif (4.1%), Dammam (20%),
Al-Jouf (32%), Jizan (44%), Abha (48.8%),
and Bisha (38.6%), also show varying
prevalence rates. These results provide insights
into the regional distribution of carbapenem
resistance in Saudi Arabia.

These prevalence rates indicate the
varying levels of carbapenem resistance in
different regions of Saudi Arabia. The higher
prevalence rates in cities like Jeddah, Taif, and
Medina suggest a more significant problem of
carbapenem-resistant Enterobacteriaceae
(CRE) in those areas. This information is
crucial for understanding the regional
distribution of CRE and can help guide
targeted interventions and infection control
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measures in areas with higher prevalence rates.

As described in table 2 the number of
published articles per year was clearly increased
and indicated by the highest number recorded in
2020 and 2021. This is closely related to the
distribution of CRE through the country and the
increased awareness of the importance of
surveillance and control of multidrug-resistant
bacteria in order to improve health class. A high
prevalence of carbapenemase producers in Saudi
Arabia was mainly identified as A. baumannii,
followed by Klebsiella pneumoniae.

The majority number of published
research papers per carbapenemase type was
OXA, from almost genotyping studies, OXA-48
different in Enterobacteriaceae and OXA-23
variant in A. baumannii, and P. aeruginosa,
followed by NDM-1. However, low number of
published articles about (8 studies) has reported
the detection of VIM genes. Detection of VIM
genes was reported in 4 studies while IMP was
reported by El-Badawy, Abdelwahab et al. 2019,
Jawhar, AlRashed et al. 2020, Khater, AlFaki et
al. 2020, Alqahtani, Tickler et al. 2021) (El-
Badawy et al., 2019, Jawhar et al., 2020, Khater
et al., 2020, Alqahtani et al., 2021) and KPC
genes was reported in 5 studies. Furthermore,
until now no studies reported the presence of
SIM and GIM genes in the collected bacterial
isolates from Saudi Arabia. Saudi Arabia is
divided into 13 administrative regions, and
geographically these regions are distributed in
five major areas of the country (central, eastern,
northern, southern and western areas). Most of
the studies about CRE were conducted in the
central, and western areas and small data came
from the eastern, southern, and northern areas.
The results according to the literature search and
study selection indicate that a total of 21 studies
met the inclusion criteria and were included for
final review, there was no data reported from
Najran, Tabuk and North border regions. Also,
19 out of 21 studies (90.48%) reported genotype
including carbapenemase or β-lactamase genes
distribution and 21 studies (100%) reported
clinical CR isolates. The regional distribution of
the different carbapenemases gene prevalence
were mapped in Saudi Arabia from five years up
to date and regional distribution CR prevalence
in Enterobacterales over several Saudi regions
were mapped (tables 1,2)
It is important to note that these prevalence

rates are specific to the cities mentioned and
may not represent the overall prevalence of
carbapenem resistance in Saudi Arabia. Further
research and surveillance are needed to obtain
a comprehensive understanding of the
prevalence and distribution of CRE throughout
the country, see table (1).

Table (3): indicate the prevalence and
distribution of Enterobacteriaceae and the
percentage of carbapenem resistance among
different species. The interpretation and
discussion of these finding can provide
insights into the epidemiology and
implications of carbapenem resistance in these
bacterial species.
Among the Enterobacteriaceae species,
Acinetobacter baumannii has a prevalence of
23.21%. This result is consistent with previous
studies that have identified A. baumannii as a
significant contributor to healthcare-associated
infections and its association with carbapenem
resistance (Al-Agamy et al., 2014)(Al-Agamy
et al., 2014). Klebsiella pneumoniae, another
important member of the Enterobacteriaceae
family, has a prevalence of 17.22%. K.
pneumoniae is known for its ability to acquire
and disseminate carbapenem resistance genes,
leading to challenging infections in healthcare
settings (Alghoribi et al., 2015)(Alghoribi et
al., 2015).
The prevalence of Enterobacterales, a broader
group that includes various Enterobacteriaceae
species, is reported to be 22.80%. This finding
suggests a significant burden of carbapenem
resistance within this group, highlighting the
need for effective infection control measures
and antimicrobial stewardship programs.
Escherichia coli, a common cause of urinary
tract infections and other community-acquired
infections, has a prevalence of 23.08%. The
emergence of carbapenem resistance in E. coli
is a concerning trend, as it limits treatment
options for these infections (Alghoribi et al.,
2015)(Alghoribi et al., 2015).
Proteus mirabilis, Klebsiella spp.,
Pseudomonas aeruginosa, Enterobacter
cloacae, Morganella morganii, and
Enterobacter aerogenes show higher
prevalence rates of carbapenem resistance,
ranging from 86.21% to 100%. These findings
indicate a critical challenge in managing
infections caused by these species, as
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carbapenems are often considered as last-
resort antibiotics.
The overall prevalence of carbapenem
resistance among the enterobacteriaceae
species is reported to be 22.23%. This
highlights the significant burden of

carbapenem resistance in Saudi Arabia and
highlights the urgent need for effective
strategies to prevent the spread of resistant
strains and preserve the efficacy of
carbapenem antibiotics.

Conclusion:

This systematic review emphasizes the critical
need for comprehensive strategies to address
CRE. These strategies should include:
Educating healthcare professionals and the
public about CRE and its prevention, promoting
rational antibiotic use and implementing
antimicrobial stewardship programs, investing
in research to develop new diagnostics and
treatment options. Moreover, it is important to
note that the prevalence rates reported in this
study and their comparison with previous
studies are subject to limitations, including
variations in study design, sample size, and
methodology. Further research and surveillance
are needed to validate and update these
findings, considering the dynamic nature of
antimicrobial resistance. By implementing
these strategies, Saudi Arabia can work towards
reducing the burden of CRE and improving
public health outcomes.
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