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Study of the prevalence of ESKAPE pathogens
and their resistance to antimicrobial drugs

A prospective microbiological study of the prevalence of ESKAPE microorganisms and antibiotic resistance
rates of strains was conducted in patients of the pediatric cardiac surgery department of a highly specialized
clinic in the period from 2019 to 2023. During the study, classical routine bacterial methods for identifying
isolates were used, as well as the automated system for final identification and susceptibility testing Vitek 2
— Compact. The study included 3725 clinical samples, the frequency of pathogen detection was: S.aureus
35.2 %, K.pneumoniae 27.3 %, A.baumannii 14.5 %, Ps.aeruginosa 12.4 %, Enterobacter sp. 8.7 % and En-
terococcus faecium 1.2 %. A significant increase in resistance was detected in MRSA from 13.7 % to 41.9 %
(p = 0.041), in K.pneumoniae, resistance to carbapenems increased from 0 % to 8.3 % (p = 0.057), while we
note a decrease in the prevalence of ESBL-producing strains of K.pneumoniae from 63.3 %. to 45.2 %
(p=0.058), resistance to carbapenems in P.aeruginosa strains decreased from 64.3 % to 37.7 % (p=0.037),
and in A.baumannii from 48.5 % to 19.1 % (p=0.039). According to the obtained results, in our pediatric car-
diac surgery department, ESKAPE pathogens accounted for 64.2 %. The most common isolates were
S.aureus, K.pneumoniae and A.baumannii, while there was a sharply increasing trend towards resistance of
K.pneumoniae to carbapenems and MRSA. Our results showed that well-designed infection control in each
hospital is necessary, including a good hygiene strategy, microbiological monitoring and in-hospital control.

Keywords: microbiological monitoring, ESKAPE microorganisms, prevalence, antibiotic resistance, pediatric
cardiac surgery.

Introduction

Despite technological advances in modern microbiological laboratory diagnostics, efforts to prevent in-
fections, and the use of last-line antibiotics, bacterial infections remain a significant concern in the postop-
erative period of pediatric cardiac surgery [1-2]. Several key factors contribute to an increased risk of infec-
tion, including young age, delayed sternal closure, the use of intravascular devices, and prolonged ICU
stays [3-5].

Cephalosporin-class antibiotics are considered the first-line treatment for severe infections caused by
Gram-negative bacteria such as Klebsiella pneumoniae, Enterobacter sp., and Escherichia coli (E. coli).
However, their efficacy is increasingly compromised by the widespread production of extended-spectrum f3-
lactamase (ESBL) enzymes, which confer resistance to these crucial antibiotics [6].

Among carbapenem-resistant clinical strains of Enterobacterales, K. pneumoniae is the most frequent
and predominant pathogen [7].

Most bacterial infections caused by Acinetobacter baumannii occur in hospitalized patients with pro-
longed exposure to the healthcare system [8]. Approximately 45 % of A. baumannii isolates worldwide are
multidrug-resistant [9], with resistance rates exceeding 60 % in the USA [10] and 41.5 % in Latin America
and the Middle East [11]. Furthermore, the detection rate of multidrug-resistant A. baumannii isolates is
more than four times higher compared to Pseudomonas aeruginosa and Klebsiella pneumoniae [12].

It is essential to utilize local, national, and global antimicrobial resistance surveillance data to develop
effective guidelines and programs for empirical antimicrobial therapy.

These factors highlight the urgent need to study the prevalence and antibiotic resistance of bacterial
pathogens, as well as to implement measures to control the spread of multidrug-resistant microorganisms.

The aim of this study was to determine the prevalence of ESKAPE microorganisms — including Enter-
ococcus faecium, Staphylococcus aureus, and Gram-negative bacteria such as Klebsiella pneumoniae,
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Acinetobacter baumannii, Pseudomonas aeruginosa, and Enterobacter sp. — as well as the level of antimi-
crobial resistance in the pediatric cardiac surgery department of a highly specialized clinic in Central
Kazakhstan.

Experimental

Study Design

A prospective study on the microbial landscape and antibiotic resistance rates of bacterial strains in pa-
tients from the pediatric cardiac surgery department of a highly specialized hospital was conducted between
2019 and 2023.

Sample Collection

Clinical specimens were collected from symptomatic inpatients, neonates and children up to three years
of age, who were hospitalized in the pediatric cardiac surgery unit for surgical interventions involving the
heart and major vessels.

Isolates were analyzed based on the site of infection. Upper respiratory tract samples included nasopha-
ryngeal and pharyngeal swabs, while lower respiratory tract samples consisted of tracheobronchial swabs
and sputum. Other samples were obtained from surgical wounds, urine, and bloodstream infections.

All specimens were collected at the patient’s bedside, transported to the microbiology laboratory under
appropriate conditions, and subjected to microbiological examination within the first two hours.

Microbiological methods

Microbial cultures were grown on 5% blood agar, MacConkey agar, Chromagar Staphylococcus
aureus, Chromagar Pseudomonas aeruginosa, Chromagar Acinetobacter spp., and Oriental Chromagar
(Himedia, India), with incubation at 37 °C for 18-24 hours.

Identification of Isolates

Routine microbiological identification methods included the assessment of colony morphology, hemo-
Iytic activity on selective media, Gram staining, rapid biochemical tests (coagulase, oxidase, catalase,
indole), and automated identification using the Vitek 2 — Compact microbiological analyzer (bioMérieux,
Marcy-1'Etoile, France).

Antibiotic Sensitivity Testing

The minimum inhibitory concentration (MIC) for antibiotic susceptibility testing was determined using
an automated microdilution method on the Vitek 2 — Compact microbiological analyzer, following the
manufacturer’s recommendations. After 18-24 hours of incubation, the obtained strains were tested against a
panel of antibiotics to determine the MIC for ESKAPE pathogens. The MIC results were interpreted accord-
ing to the European Committee on Antimicrobial Susceptibility Testing (EUCAST) guidelines [13].

Statistical Analysis

All obtained data were analyzed using Microsoft Access and Excel. Trends in prevalence and antibiotic
resistance levels were assessed through linear regression based on annual data. A p-value <0.05 was consid-
ered statistically significant.

Results and Discussion

A total of 3060 isolates from 3725 clinical specimens (including upper and lower respiratory tract,
wound, bloodstream, and urine samples) were included in the study from January 2019 to December 2023.
Over the five years of the study, 1899 ESKAPE strains were collected, with a prevalence of 64.2 %. The
ESKAPE strains were most commonly found in the upper respiratory tract (81.1 %, 1541 isolates), followed
by the lower respiratory tract (12.1 %, 230 isolates), blood and wound samples (2.7 %, 52 isolates), and the
urinary tract (1.2 %, 24 isolates).

The most frequently isolated pathogens from the clinical specimens were S. aureus (35.2 %, 670 isolates),
K. pneumoniae (27.3 %, 528 isolates), A. baumannii (14.5%, 276 isolates), P. aeruginosa (12.4 %, 236
isolates), Enterobacter sp. (8.7 %, 166 isolates), and Enterococcus faecium (1.2 %, 23 isolates) (Table 1).
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Table 1
Distribution of ESKAPE pathogens in clinical samples
Upper Lower Total
Microorganism respiratory | respiratory | Surgical wound | Urinary tract| Blood ESKAPE

tract tract strains

n (%) n (%) n (%) n (%) n (%) n (%)
Enterococcus faecium 1(43) 3 (13,0) 6 (26,0) 11 (478) | 2(8,6) 23 (1,2)
Staphylococcus aureus 629 (93,8) 18 (2,6) 20 (2,9) 0 3(0,4) 670 (35,2)
Klebsiella pneumoniae 464 (87,8) 41 (7,7) 12 (2,2) 2(0,3) 9(17) | 528(278)
Acinetobacter baumannii | 158 (57,2) 78 (28,2) 8(2,8) 3(10)  [29(105) 276 (14,5)
Pseudomonas aeruginosa | 135 (57,2) 83 (35,1) 4 (1,6) 7(29) 7(29) | 236(124)
Enterobacter sp. 154 (92,7) 7(4.2) 2(12) 1(0,6) 2(1,2) 166 (8,7)
Total isolated strains 1541 (81,4) | 230(12) 52 (2,7) 24(1,2) [52(27) 1899

More than 90 % of S. aureus and Enterobacter sp. strains were isolated from the upper respiratory tract,
with K. pneumoniae accounting for 87.8 %. Non-fermenting Gram-negative microorganisms, such as
P. aeruginosa (35.1 %, 83 isolates) and A. baumannii (28.2 %, 78 isolates), were the most frequent
pathogens in the lower respiratory tract. The highest number of E. faecium isolates (47.8 %, 11 isolates) was
found in the urinary tract.

Microbiological prevalence monitoring revealed an increasing trend in the detection rate of S. aureus
from 14 % to 29.8 % (p = 0.051), K. pneumoniae from 11.3 % to 20.9 % (p = 0.044), and Enterobacter sp.
from 2.7 % to 10.3 % (p = 0.028). At the same time, no statistically significant changes were observed in the
percentage of A. baumannii and P. aeruginosa strains detected (Table 2).

Table 2
Change in prevalence trends of ESKAPE isolated microorganisms by year (2019-2023)
Microorganism 2019 2020 2021 2022 2023 p-value®
n (%) n (%) n (%) n (%) n (%)

Enterococcus faecium 3(0,6) 2(0,4) 8 (1,0) 6 (0,8) 4 (0,6) 0,631
Staphylococcus aureus 62 (14,0) 83(16,7) 200 (26,7) 147 (21,7) 178 (29,8) 0,051
Klebsiella pneumoniae 50 (11,3) 89 (17,9) 134 (17,9) 130 (19,2) 125 (20,9) 0,044
Acinetobacter baumannii 34 (7,7) 61(12,3) 68 (9,0) 71 (10,5) 42 (7,0) 0,704
Pseudomonas aeruginosa 38 (8,6) 43 (8,6) 56 (7,4) 51 (7,5) 48 (8,0) 0,245
Enterobacter sp. 12 (2,7) 7(1,4) 29 (3,8) 56 (8,2) 62 (10,3) 0,028
Total isolates 441 495 748 676 597

' Linear regression

The results of antibiotic susceptibility testing demonstrated dynamic changes in the resistance patterns
of ESKAPE microorganisms, with both increasing and decreasing trends (Fig.). A significant rise in re-
sistance was observed in S. aureus strains, with the prevalence of methicillin-resistant S. aureus (MRSA)
increasing from 13.7 % to 41.9% (p = 0.041). Additionally, K. pneumoniae strains exhibited a rise in
carbapenem resistance from 0 % to 8.3 % (p = 0.057). During the same study period, a declining trend was
observed in the prevalence of K. pneumoniae strains resistant to third-generation cephalosporins, decreasing
from 63.3 % to 45.2 % (p = 0.058), as well as in carbapenem-resistant P. aeruginosa strains, which declined
from 64.3 % to 37.7 % (p = 0.037), and carbapenem-resistant A. baumannii strains, which decreased from
48.5 % t0 19.1 % (p = 0.039).

According to the results of resistance, there are two species (A.baumannii and P.aeruginosa), they are
not susceptible to cephalosporins of the 3rd generation, and this concept applies only to K.pneumoniae. For
A.baumannii and P.aeruginosa strains, it is important to determine resistance only to carbapenems, as these
antibiotics are the first-line drugs of choice in the treatment of infections caused by these pathogens.
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Figure. Resistance dynamics of ESKAPE Gram-negative pathogens
to third-generation cephalosporins (Cef-111 R) and carbapenems (CARB-R) from 2019 to 2023.

The primary objective of this study was to assess the prevalence of ESKAPE microorganisms in clinical
specimens and to evaluate their resistance to major antibacterial agents in patients from the pediatric cardiac
surgery department. A total of 4114 patients hospitalized in this department were included in the study, from
whom 3725 clinical specimens were collected. Among the ESKAPE pathogens, S. aureus was the most fre-
guently isolated microorganism (35.2 %), followed by K. pneumoniae (27.8 %) and A. baumannii (14.5 %).
Enterobacter sp. accounted for 8.7 % of isolates, while E. faecium was the least frequently detected patho-
gen, comprising only 1.2 % of the total isolates.

Undoubtedly, the distribution of microorganisms in patients varies between hospitals, leading to differ-
ent microbiological findings [14-17]. According to previous studies, the most common pathogens in pediat-
ric cardiac surgery patients include K. pneumoniae, P. aeruginosa, and S. aureus [18-19]. Bo-Tao Ning et al.
reported that the predominant pathogens were A. baumannii (25.6 %), K. pneumoniae (16.2 %), and P.
aeruginosa (9.4 %) [19]. However, the present study on ESKAPE pathogen prevalence revealed an increas-
ing trend in K. pneumoniae from 11.3 % to 20.9 % (p = 0.044), S. aureus from 14 % to 29.8 % (p = 0.051),
and, unexpectedly, Enterobacter sp. from 2.7 % to 10.3 % (p = 0.028). In contrast to prior research by
Bissenova et al. (2017) [20], no statistically significant changes were observed in the prevalence of A.
baumannii and P. aeruginosa. These findings suggest a shift in the dominant pathogens within our pediatric
cardiac surgery unit, with a potential emerging trend favoring Enterobacterales. Additionally, the majority of
isolates (81.4 %) were recovered from the upper respiratory tract, likely due to the accessibility of this clini-
cal material in the studied patient population.

The lower respiratory tract, particularly the tracheobronchial tree, is frequently contaminated with vari-
ous pathogens, especially in ventilated and critically ill patients [21]. However, the correlation between bac-
terial colonization and the development of pulmonary infection remains unclear. A study by Johanson et
al. [22] demonstrated that in 23 % of cases, bacterial colonization of clinical specimens led to pulmonary
infection. Non-fermenting Gram-negative microorganisms are the predominant pathogens in the tracheo-
bronchial tree [23], which is consistent with our findings: A. baumannii accounted for 28.2 % and P.
aeruginosa for 35.1 % of isolates from the lower respiratory tract. Additionally, as expected, the highest pro-
portion of E. faecium strains (47.8 %) was detected in the urinary tract, with no vancomycin-resistant strains
identified.

Many clinical studies have reported increasing rates of ESKAPE pathogen resistance in paediatric car-
diac intensive care units, making it a significant factor in nosocomial infections [24-25]. For example,
Wang L.J. et al. reported that over 50 % of P. aeruginosa isolates (n = 126) were resistant to
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carbapenems [26]. Similarly, in our study, the rate of carbapenem resistance in P. aeruginosa was initially
64.3 % but showed a significant decline, reaching 37.7 % by 2023 (p = 0.037). A comparable trend was ob-
served for A. baumannii, where carbapenem resistance decreased from 48.5 % in 2019 to 19.1 % in 2023
(p = 0.039). In contrast, the antimicrobial resistance patterns of K. pneumoniae demonstrated divergent
trends over the five-year study period. While resistance to third-generation cephalosporins declined from
63.3 % to 45.2% (p = 0.058), carbapenem resistance showed a concomitant increase from 0 % to 8.3 %
(p = 0.057). Additionally, a significant rise in resistance was observed in S. aureus, with the prevalence of
methicillin-resistant S. aureus (MRSA) increasing from 13.7 % to 41.9 % (p = 0.041).

The findings of this study highlight the potential for pathogen replacement, underscoring the critical
need for continuous surveillance of both pathogen prevalence and antibiotic resistance rates at the hospital
level and even across different departments.

It is well established that the emergence of antimicrobial resistance significantly limits therapeutic op-
tions for the management of severe infections, particularly in pediatric patients. Given the current challenges,
the implementation of improved diagnostic methodologies is essential to curb the rapid dissemination of in-
fections caused by ESKAPE microorganisms. Early and appropriate empirical antibiotic therapy — guided
by clinical expertise and antimicrobial susceptibility data — is crucial for optimizing patient outcomes.
Moreover, effective management of the most frequently encountered pathogens remains a key strategy in
preventing the further development of multidrug resistance.

Conclusion

The findings of this study indicate that ESKAPE pathogens accounted for 64.2 % of the cases identified
in the paediatric cardiac surgery department. The most frequently isolated microorganisms were S. aureus,
K. pneumoniae, and A. baumannii, with a marked upward trend in carbapenem resistance among K.
pneumoniae strains and an increasing detection rate of MRSA. These results underscore the critical need for
stringent nosocomial infection control strategies, complemented by continuous microbiological surveillance
and antimicrobial stewardship programs.
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ESKAPE narorenaepinin Tapajybl MeH
MHMKPOOKA Kapchl TYPAKTBLIBIFbIH 3ePTTEY

JKorapbl MaMaHIAHIBIPHUIFAaH EMXaHAHBIH Oananap KapIHOXMPYPIUsChl OONIMILIECIHIH eMaenyuIiaepine
2019-2023 xpuimap apaneirbinga ESKAPE  MukpoopraHusmIepiHiH TapajidyblHa JKOHE IITaMIap.bIH
AHTUOHOTHKTEPre TO3IMIUIIK KOPCETKIIITEepiHe MEePCIeKTUBAIBIK MHUKPOOHOJIOTHSIIBIK 3epPTTey KYPIi3iii.
3epTTey Ke3eHiHAE H30JATTapIbl aHBIKTAy[bIH KJIACCHUKAJBIK O/IETTeri OaKTepHsUIBIK SAICTepi, COHai-aK
Vitek 2 — Compact TYNIKUTIKTI COHKECTEHIIPY JKOHE CE3IMTaJIBIKTBI ChIHAY/BIH aBTOMATTaHIBIPBUIFaH
Kyleci maiimamaHsuiel. 3eprreyre 3725 KIMHHUKANBIK YITLIEp €HTI3UIAl, KO3JBIPFBINTApABl aHBIKTAy
kepcetkimi: S.aureus 35,2 %, K.pneumoniae 27,3 %, A.baumannii 14,5 %, Ps.aeruginosa 12,4 %,
Enterobacter sp. 8,7 % sxone Enterococcus faecium 1,2 %. MRSA-ma 13,7 %-man 41,9 %-ra (p=0,041)
TO3IMAUTIKTIH alTapibIKTail apTybl aHbIKTangbl, K.pneumoniae-ne xapbamenemuepre tesimuinik 0 %-nan
8,3 %-ra (p=0,057) aprrel, Oy perTe *KuUiMKTIH TeMeHneyiH artan etemi3. K.pneumoniae ESBL Ty3erin
[ITaMAApbIHBIH Tapaiybl 63,3 %-man 45,2 %-ra (p=0,058), P.aeruginosa mramumapsiHga kapbaneHemaepre
te3imaitik 64,3 %-nan 37,7 %-ra (p=0,037), A.baumannii 48,5 %-nan 19,1 %-ra (p=0,039) Temenzexni.
AnblHFaH HOTIKenep OoiibiHiua 0i3aiH Oananap xapaunoxupypruscel OemiMinne ESKAPE ko3asiprbiiutapst
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64,2 % xypansl. EH kenm Ttapanran wusosarrap S.aureus, K.pneumoniae jxoHe A.baumannii 0ozl
K.pneumoniae-uix kapGaneHemuepre sxoHe MRSA-ra Te3iMIIMIriHIH KYpT e€cy TEHICHIUSICH OaiKaibl.
Bi3nin HoTmKenmepiMi3 opOip aypyxaHada »akChl koOamaHFaH MH(EKIHSIbIK OaKpUiay CTPATErusichl KaxeT
eKEeHIH KOPCETTi, COHBIH IIIIHJE >KaKChl TMTHEHAIBIK CTPATerysi, MUKPOOHOJIOTHSUIBIK MOHHTOPHHT JKOHE
aypyxaHailIiJTiK OaKpLIay.

Kinm ces3odep: mukpobuonorusuislk MoauTopur, ESKAPE mukpoopranmsmzepi, Tapary, aHTHOHOTHKTEpre
TO3IMIILTIK, Oananap KapIHOXUPYPrHSCHL

K .M. bexkmnn, H.M. bucenosa, A.C. Epranuesa, H.T. Amupxanosa, A.K. Tysikosa,
JI.I. YKakenos, A.M. CarenoBa, M.C. ¥Ypa3ona, H.C. Cuxaepa

HccaenoBanue pacnpocrpanennoctu ESKAPE narorenon
1 UX Pe3UCTEHTHOCTh K AHTUMHKPOOHBIM Mpenaparam

ITpoBeseHO MPOCIIEKTHBHOE MUKPOOHOJIOIMYECKOE HCCIEOBAaHUE PacIPOCTPAaHEHHOCTH MHKPOOPIaHH3MOB
ESKAPE u noka3areneii aHTHOMOTHKOPE3UCTCHTHOCTH [ITAMMOB Y TTAIl[MEHTOB IETCKOTO KapAUOXHUPYpruye-
CKOTO OTHEJICHUS BBHICOKOCHECIMANIN3UPOBAHHON KIMHUKH 3a TieproA ¢ 2019 no 2023 ron. B uccnenoBannu
HCHOJIb30BANCH KIIACCHYECKHE PYTHHHBIC OAaKTEpHAIbHBIC METO/BI BBIBICHHS M30JATOB, a TAKKE aBTOMa-
TH3UPOBAHHYIO CHCTEMY OKOHYATENbHOM MICHTH(MHKALMK M TECTHPOBaHWS dyBcTBHTENbHOCTH Vitek 2 —
Compact. B ucciienoBanne ObUI0 BKIIOYEHO 3725 KIMHUYECKUX 00pa3oB, YacTOTa OOHAPY)KEHHUS TaTOTSHOB
cocraswia: S.aureus — 35,2 %, K.pneumoniae — 27,3 %, A.baumannii — 14,5 %, Ps.aeruginosa — 12,4 %,
Enterobacter sp. — 8,7 % u Enterococcus faecium — 1,2 %. 3HaunTebHOE YBEIHYCHUE PE3UCTEHTHOCTH OBLIO
BoisiBIIeHO Y MRSA — ¢ 13,7 % 10 41,9 % (p=0,041), y K.pneumoniae ycroiianBocth k KapbareHeMaM yBe-
maunack ¢ 0 % 1o 8,3 % (p=0,057) mpu 5TOM O0TMEYaeTCsi CHI)KEHHE YacTOThI pacnpocTpaneHHocTH ESBL-
npoaymupyomux mrammoB K.pneumoniae ¢ 63,3 %. no 45,2 % (p=0,058). PesucrenTHOCTS K Kapbarene-
MaM y mramMoB P.aeruginosa cumsmiace ¢ 64,3 % no 37,7 % (p=0,037), a y A.baumannii — ¢ 48,5 % mo
19,1 % (p=0,039). Ilo pesynbratam uccienoBanus Mukpoopranuzmel ESKAPE cocrasumm 64,2 %. Haunbo-
Jiee 4acThIMHU u30ssATaMu ObutH S.aureus, K.pneumoniae u A.baumannii, npu 3TomM 0T™Me4aeTcst pe3ko Bo3pac-
Tarolas TeHICHIUs K ycToiunBoct K.pneumoniae x kap6aneHemam u MRSA. Tlony4eHHbIC pe3ysbTaThl
MOAYEPKHUBAIOT HEOOXOANMOCTh MH(EKIIMOHHOTO KOHTPOJISI B KaXKI0il OOJIbHUIIE, BKIIIOYAIONIETO XOPOLIYIO
CTPATEeTHIO TUTUEHBI, MUKPOOUOIOTMYECKUI MOHUTOPHHT, a TAKXKe BHYTPUOOIbHUYHBIH KOHTPOJIB.

Kniouesvie crosa: mukpobnonormdeckuii Morntopunr, ESKAPE-MukpoopraHu3mel, pacnpocTpaHEeHHOCTb,
AQHTHOMOTHKOPE3UCTEHTHOCTD, ACTCKAsk KapAHOXUPYPTHSL.
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