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Abstract: Introduction: The incidence of Extended-spectrum Beta-lactamase (ESBL)- and
carbapenemase-producing enterobacteriaceae in enterobacterales is increasing globally, pos-
ing a threat to health. Schoolchildren under adolescence show a gradual increase in immunity,
and respiratory infections like pneumonia and others are more prevalent in children under
five-years of age. However, gastrointestinal disorders primarily affect children under one-
year of age.

Aims: The study aimed to analyze the ESBL and carbapenemase-producing cephalosporin-
resistant strain of Escherichia coli and Klebsiella pneumoniae, isolated from various speci-
mens of hospitalized children below ten years of age.

Methods: A cross-sectional study on laboratory reports of positive culture specimens from
children below ten years of age was conducted to analyze the cephalosporin-resistant strains
of E. coli and K. pneumoniae between July, 2023 and July, 2024 in the Microbiology Depart-
ment of a tertiary care hospital central Kerala, South India. The cephalosporin-resistant strain
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boL: Results and Discussion: A total of 1636 culture reports were analyzed, and growth was found
10.2174/0122113525363630250203053527 in 672 (41%) specimens. Among the cephalosporin-resistant 187 strains (66%), E. coli and
K. pneumoniae were 106 (57%) and 81 (43%), respectively. A significant difference (p <0.05)
@ CrossMark was noted between cephalosporin-resistant and sensitive E. coli among the various age
groups. The difference between cephalosporin-resistant and susceptible K. preumoniae
across different age groups, however, was negligible (p>0.05). Carbapenemase and ESBL-
producing E. coli and K. pneumoniae were 39%, 29%, and 48%, respectively. The car-
bapenemase and ESBL-producing strains were more in children below one year. An insignif-
icant difference (»p>0.05) between ESBL (+) and ESBL (-) E. coli or K. pneumoniae was
found among various age groups. A similar observation was found between carbapenemase
[+] and carbapenemase (-) E. coli or K. pneumoniae. According to the effect value (Cramer's
V) determined for each comparison, the association was either very weak or negligible.

Conclusion: The cephalosporin-resistant strains (66%) of E. coli and K. pneumoniae were
57% and 43%, respectively. Specimens of children below one year of age showed more inci-
dence of ESBL-producing K. pneumonia (67%) and carbapenemase-producing E. coli (68%).

Keywords: Carbapenemase, enterobacteriaceae, extended-spectrum beta-lactamase, Escherichia coli, Klebsiella pneumoniae,
statistical analysis.

1. INTRODUCTION ing a threat to public health. According to World Health Or-
ganization estimates, by 2050, antibiotic resistance-related
deaths will account for 10 million annual deaths worldwide if
appropriate control and preventive measures are not imple-
mented. Gram-negative Enterobacteriaceae in enterobacter-
ales, such as Escherichia coli (E. coli) and Klebsiella pneu-
*Address correspondence to this author at the Department of Microbiology, moniae (K. pneumoniae), are commonly treated with f-lactam
Vels Institute of Science, Technology and Advanced Studies, Pallavaram, antibiotics. Carbapenems are the first-choice medication

Chennai, 600117, Tamil Nadu, India; when treating K. pneumoniae-related infections associated
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The advent of multidrug-resistant bacterial infections has
been demonstrated in recent research, indicating the need for
cautious antibiotic administration and laboratory-based pa-
tient care [1]. It has become more commonplace globally, pos-
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with healthcare settings. The frequent use of broad-spectrum
antibiotics and carbapenems in hospitals facilitates the devel-
opment of these resistant strains. Numerous mechanisms are
known to contribute to resistance, including the formation of
metallo-B-lactamases (MBLs) and extended-spectrum B-lac-
tamases (ESBLs). Depending on the study population, car-
bapenemase-producing Enterobacteriaceae in enterobacter-
ales can cause significant infections in immunocompromised
and disabled individuals. Longer hospital stays and increased
mortality rates—which can approach 70%—are associated
with these illnesses [2]. Carbapenemase genes have been ac-
quired by K. pneumoniae and E. coli to demonstrate drug re-
sistance [3]. Despite efforts to manage infections and steward
drugs, the prevalence of ESBL and carbapenemase-producing
bacteria is rising, and incurable infections are developing [4,
5]. Previous studies have shown that individuals who undergo
empirical treatment only for UTIs develop more drug re-
sistance, making it more challenging to treat bacterial UTIs
that are acquired in hospitals and community [1, 6].

Reducing the empirical drug use can be achieved by com-
prehending the growth of ESBL and carbapenemase-resistant
bacteria. In research, children also showed serious treatment
complications from ESBL-producing E. coli and K. pneu-
moniae [7]. The ESBL-producing strains showed resistance to
third-generation cephalosporins, such as ceftriaxone (100%),
cefotaxime (100%), and ceftazidime (70.6%) [8]. Devi et al.
demonstrated the presence of Gram-negative bacilli that pro-
duce carbapenemase and ESBL among neonates in a tertiary
care hospital in Dibrugarh, Assam, India [9]. Enterobacteri-
aceae in enterobacterales are the common producers of MBL
and ESBL [10]. As a steady rise in antibiotic-resistant cases is
observed worldwide, which is associated with geographical
variations, clinicians face a dilemma in using first-line antibi-
otics while treating newborn sepsis or meningitis in children.
The majority of studies on bacteria that produce car-
bapenemase and ESBL were conducted on adult subjects.
There are limited studies available in this area to determine
the prevalence of E. coli and K. pneumoniae that produce car-
bapenemase and ESBL in children of various ages. We had
previously shown that 42% of the E. coli and K. pneumoniae
isolates in children under ten years of age were ESBL produc-
ers, and 52% of the isolates were cephalosporin-resistant [11].
The study did not, however, take into account carbapenemase
or ESBL producers in various age groups under the age of ten
or adolescence. Thus, this study aimed to analyze the ESBL
and carbapenemase-producing cephalosporin-resistant strain
of K. pneumoniae and E. coli isolated from various specimens
of hospitalized children at a tertiary care hospital in Central
Kerala.

2. MATERIALS AND METHODS

2.1. Study Design

A cross-sectional study was designed using the laboratory
data of hospitalized children in a tertiary care centre in central
Kerala between July 2023 and July 2024. The study included
children aged between one day to ten years with positive cul-
tures of E. coli or K. pneumoniae resistant to cephalosporin
isolated from specimens, such as urine, blood, throat swabs,
cerebrospinal fluid, and respiratory aspirate. Positive cultures
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other than E. coli and K. pneumoniae and children above ten
years of age were excluded. The research was carried out in
compliance with the 1975 Helsinki Declaration, which under-
went revisions in 2013. As it is a retrospective study on labor-
atory reports, consent was waived, and the study was ap-
proved by the institutional ethics committee (VISTAS-
SPS/IE/1/2022/07).

2.2. Sample Size Calculation

The sample size was calculated based on the previous
study by Thattle ez al. [11]. The prevalence (p) of ESBL pos-
itive cephalosporin-resistant E. coli and K. pneumoniae
strains was 42%, with relative precision (d) 20% of p and Za-
1 0of 1.96, and the minimum sample size was calculated as 138
using the formula N= Za-1 2 pg/d 2.

2.3. Study Procedure

Data were collected from the laboratory register of the Mi-
crobiology department. The standard operating procedures
were followed for the collection, processing, culture, identifi-
cation of organisms, and testing for antibiotic sensitivity.

The approach of Forbes ef al. was used to identify the bac-
teria [12]. The guidelines of the Clinical and Laboratory
Standards Institute and the technique of Bauer et al. were fol-
lowed for testing antibiotic sensitivity [13, 14]. In the Kirby-
Bauer disc diffusion method used in testing the antibiotic sen-
sitivity, a zone diameter of <23 mm against the third-genera-
tion cephalosporin, cefotaxime was defined as resistant to
cephalosporin. The resistant strains were further tested for
ESBL and carbapenemase production using a double disc syn-
ergy test.

ESBL presence was tested using Amoxicillin/clavulanic
acid and cefotaxime disc, which were placed 20 mm apart on
lawn cultures (made by spreading 0.5 Mac Farland bacterial
inoculum) prepared on Muller-Hinton agar plates. After incu-
bating the plates at 37°C overnight, an enhancement in the
zone of inhibition between amoxicillin/clavulanic acid and
cephalosporins antibiotics disc was interpreted as ESBL-pos-
itive [15, 16]. For carbapenemase testing, an imipenem disc at
the center and a disc carrying ten-microlitre (750 pg) eth-
ylenediaminetetraacetic acid were placed 20 mm apart. After
incubation overnight at 37°C, the presence of an inhibitory
zone was interpreted as carbapenemase-positive [17]. The
standard tester stains of K. pneumonia (ATCC 700603) and E.
coli (ATCC 25922) were used to check the quality assurance.
Children under the age of ten were divided into three age
groups: under one year, one to five years, and five to ten years.

2.4. Statistical Analysis

Data were expressed in frequency and percent. A statisti-
cal package for social sciences (v16, IBM, Illinois, US) was
used for the analysis. To examine the significant difference
between the positive culture specimen's age and gender, the
chi-square (X?) test of independence was used. p<0.05 was
considered significant. The Creamer's V effect size (ES) value
was used for the chi-square test of independence to determine
the strength of association between the variables. In a 2x2 con-
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tingency table, an ES value around 0 denotes little to no cor-
relation, and a value near 1 denotes higher associations be-
tween two category variables. For a 3x2 contingency table, a
value of 0.1 to 0.2 suggests a weak association, while 0.2 to
0.4 indicates a moderate association, and values greater than
0.4 signify a strong association.

3. RESULTS

A total of 1636 specimen culture reports were analyzed
during the study period and found growth in 672 (41%) sam-
ples. STROBE flow chart of sample collection is depicted in
Fig. (1). Among the total specimens that showed growth, 144
(21%) and 141 (20%) samples were E. coli and K. pneumoniae,
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respectively (Fig. 2). The specimens from males and females
in the E. coli positive culture (144) were 82 (67%) and 62
(43%), respectively. Out of 141 K. pneumoniae-positive spec-
imens, 86 (61%) were from males and 55 (39%) were from
females. No significant difference was found between gender
and culture positivity (X* =0.4825, p = .487285). Among the
cephalosporin-resistant 187 strains (66%), E. coli and K.
pneumoniae were 106 (57%) and 81 (43%), respectively. The
remaining 98 (34%) strains (E. coli, 39% and K. pneumoniae,
61%) were sensitive to cephalosporin (Fig. 3). A significant
difference was found between resistant strains of E. coli and
K. pneumoniae (X*> =8.2504, p = .004074). However, the
Cramer’s effect size value (0.1701) revealed a relatively weak
strength of association between the variables.

‘Identification ‘ ’Bacterial culture reports  (n= 1636)‘
Excluded culture reports
— | with no bacterial growth
(n=964)
Inclusion ‘ ’Culture reports with growth confirmed (n= 672) ‘

—>

Excluded reports with growth
other than E. coli, and
K. pneumoniae (n=387)

Excluded repots with E. coli, and
K. pneumoniae sensitive to
cephalosporin (n= 98)

Culture reports with cephalosporin-resistant

E. coli, and K. pneumoniae (n=187)

Fig. (1). STROBE flow chart of sample collection and analysis. (4 higher resolution/colour version of this figure is available in the electronic

copy of the article).

E. coli
Other isolates

141 (8.6)

= K. pneumoniae
= No growth/Normal flora

Fig. (2). Distribution frequency of bacterial strains in samples collected from children below ten years of age. The percentage is given in
parentheses. (4 higher resolution/colour version of this figure is available in the electronic copy of the article).
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Fig. (3). Distribution of cephalosporin-resistant and sensitive E. coli and K. pneumoniae. X* (1, N=285) = 8.2504, p = .004074; a significant
difference was found between resistant strains of E. coli and K. pneumoniae. Cramer’s effect size = 0.1701 (95% CI, 0.1502-0.1898) indicated
a weak association between variables. (4 higher resolution/colour version of this figure is available in the electronic copy of the article).

Table 1. Distribution of cephalosporin-resistant and sensitive E. coli and K. pneumoniae among children in various age groups.

Age (Years) Cephalospor?n Resistant Cephalosporin Sensitive E. coli Cephalosporin.-resistant Cephalosporin.-sensitive
E. coli (%) (%) K. pneumoniae (%) K. pneumoniae (%)
Below 1 65 (62) 15 (38) 53 (65) 30(51)
1-5 26 (25) 15 (38) 20 (24) 25 (42)
5-10 14 (13) 9(23) 9(11) 4(7)
Total 105 (73) 39 (27) 82 (58) 59 (42)

Note: X* (2, N=144) = 6.3779, p=0.04121 significant difference between cephalosporin-resistant and sensitive E. coli among various age groups; effect size
0.2106 (95% CL, 0.1761, 0.2451) indicated weak association between variables. X* (2, N=141) =5.2397, p=0.07281 insignificant difference between cephalo-
sporin-resistant and sensitive K. pneumoniae among various age groups. Cramer’s V effect 0.1928, (95% CL, 0.1609 to 0.2243) indicates a small to moderate

association between variables.

The distribution of cephalosporin-resistant and sensitive
E. coli and K. pneumoniae among various age groups is de-
picted in Table 1. Cephalosporin-resistant £ coli was found to
be 62% in children below one year of age, whereas cephalo-
sporin-resistant K. pneumoniae was 65%, which is more prev-
alent. A significant difference (p <0.05) was noted between
cephalosporin-resistant and sensitive E. coli among various
age groups. While the difference between K. pneumoniae-pro-
ducing cephalosporin-resistant and sensitive strains was sta-
tistically insignificant (»>0.05). Similarly, no statistically sig-
nificant difference was found between the cephalosporin-re-
sistant E. coli and K. pneumoniae in the age groups studied
(Chi-square = 0.265, p= .875887). Among the 105-cephalo-
sporin resistant £. coli, ESBL producing strain (64%) was
more in children below one- year of age (Table 2). In the same
age group, among the 82 isolates of cephalosporin-resistant K.

pneumoniae, the ESBL-producing strain was 67%. No statis-
tically significant (p>0.05) difference was found among the
ESBL-producing strains in the age groups. Furthermore, the
difference between ESBL [+] E. coli and K. pneumoniae in
the age groups was statistically insignificant (Chi-square=
0.0911, p = .955471). Carbapenemase-producing strains of E.
coli and K. pneumonia are depicted in Table 3. A greater num-
ber of carbapenemase-producing strains of E. coli were found
in children below one year of age. No statistically significant
difference was found between the strains in any age group
(p>0.05). Furthermore, the difference between car-
bapenemase-producing strains of E. coli and K. pneumonia
among various age groups was insignificant (Chi-square =
0.165, p =.92079). According to the effect value (Cramer's V)
determined for each comparison, the association was either
very weak or negligible.
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Table 2. Distribution of ESBL producing strains of E. coli and K. pneumoniae among children in various age groups.

Age (Years) ESBL [+] E. coli (%) ESBL [-] E. coli (%) ESBL [+] K. pneumoniae (%) | ESBL [-] K. pneumoniae (%)
Below 1 32 (64) 33 (66) 26 (67) 27 (63)
15y 12 (24) 14 (25) 9(23) 11 (26)
510y 6(12) 8 (15) 4(10) 5(12)
Total 50 (48) 55 (52) 39 (48) 43 (52)

Note: X? (2, N=105) =0.2173, p=0.89702) insignificant difference between ESBL (+) and ESBL (-) E. coli among various age groups. Cramer’s V effect 0.0455,
(95% CL, 0, 0.131) indicates a very weak association between variables. X? (2, N=82) =0.13517, p=0.93464) insignificant difference between ESBL (+) and
ESBL (-) K. pneumoniae among various age groups. Cramer’s V effect 0.0455, (95% CL, 0.0318 to 0.0494) indicates a very weak association between variables.

Table 3. Distribution of carbapenemase-producing E. coli and K. pneumoniae among various age groups.

Age (Years) Carbapenemase [+] E. coli (%) Carbapenemase |[-] E. coli Carbapenemase [+] Carbapenemase [-]
(%) K. pneumoniae (%) K. pneumoniae (%)
Below 1 28 (68) 37 (58) 12 (63) 41 (65)
1-5 9(22) 17 (27) 5(26) 15 (24)
5-10 4 (10) 10 (16) 2(11) 7(11)
Total 41 (39) 64 (61) 19 (23) 63 (77)

Note: X? (2, N=105) =1.30357, p= 0.52111) insignificant difference between carbapenemase [+] and carbapenemase (-) E. coli among various age groups.
Cramer’s V effect 0.1114, [%95CL, 0.0900 to 0.1328] indicates a very weak association between variables. X (2, N=82) =0.05048, p=0.97507) insignificant
difference between carbapenemase [+] and carbapenemase (-) K. pneumoniae among various age groups. Cramer’s V effect 0.0248, [%95CL, 0.0193 to 0.0303]

indicates a very weak association between variables.

4. DISCUSSION

The findings of the study detailed the prevalence of K.
pneumonia and E. coli in different age groups of children un-
der ten. Overall, the incidence of cephalosporin-resistant E.
coli (57%) was higher than that of K. pneumonia (43%).
Cephalosporin-resistant K. pneumoniae (65%) and E. coli
(62%) were found more in children with the age group below
one year. However, no significant difference was observed be-
tween carbapenemase or ESBL-producing strains of E. coli
and K. pneumonia in any of the age groups studied. Cephalo-
sporin-resistant E. coli strains were shown to be 69% preva-
lent in newborns in a previous investigation [18], which is
found consistent with the result of this study (62%). Similarly,
a prior study in children under five years of age revealed that
31% of the identified E. coli strains were resistant to
imipenem [18], while in the present study, it becomes 35%
(37/105), and this indicates a progressive increase in car-
bapenem resistance.

The subjects were categorized as infants (below one year
of age), toddlers and preschoolers (1 to 5 years of age), and
school children below adolescent (below 5 to 10 years of age)
[19]. This classification was chosen in order to identify three
child phases where a higher likelihood of infection was sus-
pected. A previous study reported that the prevalence of pneu-
monia was most common among children aged < 10 years. In
comparison, respiratory infection was more common among
children below five- years of age. Gastrointestinal and blood-
borne infections mostly affect children aged < 1 year and 1-3
years, respectively [20].

A retrospective study conducted among children with UTI
in southern China demonstrated that both K. prneumoniae and

162

E. coli that produce ESBLs have resistance rates (greater than
98%) to cephalosporin drugs, such as cefpodoxime, cefaclor,
cefazolin, and ceftriaxone, with a higher prevalence for E. coli
[21]. The intestinal-dwelling bacteria, Klebsiella spp., have
been found to carry multidrug resistance plasmids and have
high carriage rates on patient hands and nasopharynges [22].
Carbapenemase production was detected in isolates of
Klebsiella (66.7%) and the lone isolate of E. coli. The devel-
opment of resistance to carbapenem can also be due to the
production of extended-spectrum cephalosporin-like Amp C
[9].

In this investigation, E. coli and K. pneumoniae that gen-
erate carbapenemase were detected in 39% and 29% of chil-
dren under the age of ten, respectively, while ESBL producers
were found in 48%. Among the ESBL producers, K. pneumo-
nia (67%) and among the carbapenemase producers, E. coli
(68%) were observed more in age groups below one year. Ac-
cording to our earlier research, 42% of children under the age
of ten were ESBL producers of K. pneumoniae and E. coli
[11]. Approximately 60% of the Klebsiella isolates and 75%
of the E. coli isolates developed ESBLs, according to a study
conducted in India on neonates with septicemia [23]. A study
of neonatal sepsis in West India showed that 95% and 92% of
the bacteria were ESBL-producing, respectively, K. pneu-
moniae and E. coli [24]. According to Vijayakanthi et al., the
most common ESBL producers in neonates were Klebsiella
(60%) and E. coli (30%) [25]. We found ESBL producer
Klebsiella (67%) followed by E. coli (64%) in neonates.

Antibiotic use is directly linked to the occurrence of ESBLs
and carbapenemases in bacteria, especially when antibiotics,
such as cephalosporins, carbapenems, and fluoroquinolones
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are misused or overused. The overuse and abuse of these an-
tibiotics put bacterial populations under selective pressure,
which helps resistant types of bacteria survive and proliferate
[26]. A prior study found that a statistically and clinically sig-
nificant increase in the incidence of ESBL-positive K. pneu-
moniae strains was linked to increased use of third-generation
cephalosporins [27]. Resistance was caused by the rapid ac-
cumulation of chromosomal mutations along with the inser-
tion of genetic elements encoding resistance. The mobility of
genetic elements carrying carbapenemase genes contributes to
their increased dissemination. Carbapenem resistance is rising
as aresult of the effective growth of Enterobacteriaceae clonal
groupings and the frequent horizontal gene transfer of plas-
mids encoding carbapenemase [28]. It was demonstrated that
the bla-oxacillin hydrolyzing enzymes-48 gene is connected
to an effective and widespread plasmid that conjugates at high
rates within the enterobacteriaceae family [29]. A recent study
demonstrated that the prevalence of carbapenemase genes was
higher in the age group of 0-21 years (45.8%) followed by 21-
40 years (27%). This indicated their prevalence among young-
sters. The common carbapenemase-producing gene was New
Delhi metallo-B-lactamase in K. pneumoniae (58.2%) and E.
coli (22.4%) [30]. Genes like CTX-M-15 and CTX-M-1 were
previously found to be prevalent in ESBL-positive E. coli,
whereas CTX-M-U and CTX-M-15 were found to be preva-
lent in K. pneumoniae in specimens taken from children under
the age of ten [11]. K. pneumoniae evolved into the indicator
species for plasmid-encoding genes imparting resistance to
medicines other than B-lactams, as well as ESBLs, primarily
TEMs and SHVs, active against more recent cephalosporins
[22].

The rise of B-lactamases producers due to the use of pB-lac-
tam antibiotics is a major issue for physicians as these bacteria
are resistant to several drugs, which can lead to therapeutic
failure. For such ESBL-producing organisms and life-threat-
ening infections, carbapenems are the preferred medication.
This has most likely caused the organisms to become resistant
to carbapenem, posing yet another significant therapeutic is-
sue. The current investigation also concluded that the isolates
that were Gram-negative were resistant to carbapenem. Car-
bapenemase was confirmed in 66.7% of the Klebsiella isolates
in neonates [9]. In this study, we found that 63% of Klebsiella
isolates from infants were carbapenemase producers. Entero-
bacteriaceae in enterobacterales that produce carbapenemase
primarily target hospitalized patients and frequent visitors, but
they are also increasingly seen in long-term care institutions
[31]. These bacteria are frequently treated with tigecycline
and colistin. The novel -lactamase inhibitor, when combined
with either ceftazidime or aztreonam, is a promising treatment
for carbapenem-resistant Enterobacteriaceae, in contrast to
the traditional regimens of colistin or tigecycline and avibac-
tam [24]. The prevalence of ESBL production of K. pneu-
moniae and E. coli was successfully reduced by substituting
piperacillin/tazobactam for extended-spectrum cephalospor-
ins [32].

A diversified strategy is needed to defeat antimicrobial re-
sistance (AMR). This entails avoiding the unnecessary pre-
scription of antibiotics, using the right dosage, duration, and
administration method in accordance with clinical guidelines,
using the narrowest spectrum of antibiotics that are effective
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against the identified pathogen, de-escalating or stopping ther-
apy when necessary, and educating patients about the im-
portance of completing the prescribed antibiotic course and
non-antibiotic alternatives in cases of mild infection. It will be
helpful to create and execute an antibiotic stewardship pro-
gram in a clinical environment, monitor local trends of re-
sistance, and adjust prescribing practices accordingly. Addi-
tional measures include following infection control proce-
dures like isolating infected patients, sterilizing procedures,
and practicing good hand hygiene; taking part in local, na-
tional, and international programs to monitor AMR trends;
staying up to date on AMR trends through frequent review of
guidelines; and supporting public health campaigns to in-
crease awareness of AMR. To direct treatment and stop the
spread of resistant diseases, a mix of molecular analysis, mi-
crobiological testing, and suitable clinical management tech-
niques is essential. Hence, working together with infection
control experts, pharmacists, and microbiologists can provide
comprehensive treatment.

5. LIMITATIONS OF THE STUDY

The present investigation was constrained by its small
sample size and monocentric and retrospective study design.
Even though it could demonstrate the rise of ESBL and car-
bapenemase among frequent bacterial isolates in children, no
molecular characterization was done for the presence of car-
bapenemase-encoding genes. Hence, future research direc-
tions, such as multicentric studies, longitudinal analyses to
track resistance trends, or incorporating next-generation se-
quencing to uncover the genetic landscape of resistance, are
warranted.

CONCLUSION

The cephalosporin-resistant strains (66%) of E. coli and K.
pneumoniae were 57% and 43%, respectively. The resistant
K. pneumoniae and E. coli were more in children of age below
one year, with a frequency of ESBL-producing K. pneumonia
(67%) and carbapenemase-producing E. coli (68%). There-
fore, physicians should consider the rise of carbapenemase-
producing E. coli and ESBL-positive K. pneumoniae when se-
lecting antibiotics as an empirical treatment for children
mainly below one year of age. This emphasizes the necessity
of careful antibiotic stewardship, efficient infection control
procedures, and routine surveillance.
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