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ABSTRACT

Introduction: Carbapenemase-producing Enterobacterales (CPE) is one of the causes of community
health-threatening, most common in Escherichia coli and Klebsiella pneumoniae. CPE has appeared in
many countries, especially developing ones, but it has not been recognized in routine antibiograms. Also,
assessing colistin susceptibility is a significant obstacle for both diagnostic and epidemiological because

of technical difficulties. There is rare data about CPE and colistin-resistant Enterobacterales.
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Objectives: Determine the prevalence of producing carbapenemase and colistin-resistance among K.
pneumoniae and E. coli resistant to carbapenems.

Methods: In a cross-sectional survey, 129 K. pneumoniae and 31 E. coli strains, which demonstrated
carbapenem resistance, were collected from inpatients at Cho Ray Hospital over a three-month period.
Carbapenemase production was detected using the modified carbapenem inactivation method and EDTA-
modified carbapenem inactivation method, and colistin resistance was detected using the broth
microdilution method according to CLSI M100S34.

Results: Of 160 participants' strains, 80% of carbapenemase-producing K. pneumoniae and E. coli were
detected; among these, Metallo beta-lactamase-producing was taken 69,5%. Of 31 colistin-resistant, 30
were K. pneumoniae, and only 1 E. coli was detected that was resistant to colistin.

Conclusion: Among participants' strains, carbapenemase-producing prevalence was very high. There
were signs of a widespread extensively drug-resistant K. pneumoniae. Most of E. coli was susceptible to
colistin.

Keywords: Klebsiella pneumoniae; Escherichia coli; carbapenemase; colistin; polymyxin E; drug

resistance, bacterial.

RESUMEN

Introduccion: Enterobacterales productoras de carbapenemasa (CPE) son una amenaza a la salud
comunitaria, mas comun en Escherichia coli y Klebsiella pneumoniae. CPE aparecen en muchos paises,
especialmente en vias de desarrollo, pero no se reconocen en los antibiogramas rutinarios. Evaluar la
susceptibilidad a la colistina es dificil, tanto para diagnéstico como epidemiologia, por las dificultades
técnicas. Hay pocos datos sobre Enterobacterales resistentes a la colistina y productoras de
carbapenemasa.

Objetivos: Determinar la prevalencia de la produccion de carbapenemasas y resistencia a la colistina
entre K. pneumoniae y E. coli resistentes a carbapenemos.

Métodos: Estudio transversal; se recolectaron 129 cepas de K. pneumoniae y 31 cepas de E. coli,
resistentes a carbapenemos, de pacientes hospitalizados en el Hospital Cho Ray, durante 3 meses. La

produccidn de carbapenemasa se detecté mediante el método modificado de inactivacion de carbapenem
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y el método modificado de inactivacion de carbapenem con EDTA, la resistencia a la colistina se detect6
mediante el método de microdilucién en caldo, segun CLSI M100S34.

Resultados: De las 160 cepas se detectdo el 80 % de K. pneumoniae y E. coli productoras de
carbapenemasa; entre estas, se encontraron MBLSs en el 69,5 %. De 31 resistentes a colistina, 30 eran K.
pneumaniae y solo se detect6 1 E. coli resistente a la colistina.

Conclusidn: Entre las cepas de los participantes, la prevalencia de produccion de carbapenemasa fue
muy alta. Hubo signos de una K. pneumoniae extensamente resistente a los medicamentos. La mayoria
de E. coli fue susceptible a la colistina.

Palabras clave: Klebsiella pneumoniae; Escherichia coli; carbapenemasa; colistina; polimixina E;

resistencia a los medicamentos, bacteriana.
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INTRODUCTION

Escherichia coli (E. coli) and Klebsiella pneumoniae (K. pneumoniae) are 2 of the omnipresent Gram-
negative bacilli belonging to the Enterobacterales order. They are common bacterium in the colon, but
they could lead to many severe infection syndromes in humans, such as meningitis, gastrointestinal and
urinary tract infections, septicemia, and others. In addition, most of them are multidrug-resistant."

Although carbapenems are commonly used for treating severe infections, carbapenemase-producing
Enterobacterales (CPE) is also one of the causes leading to community health-threatening.®)
Carbapenemase, a beta-lactamase, includes Ambler classes A, B, and D with serin beta-lactamase (SBL)
and metallo beta-lactamase (MBL) encoded by both genes in chromosome and plasmid.®> Along with
the rapid spreading of CPE, the effectiveness of these last-resort drugs is decreasing.”) Besides
ceftazidime/avibactam, the first line of CPE treatment, the return of an old antibiotic, colistin, is salvation,

and combined therapeutic regimens consisting of colistin are broadly used worldwide.®
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In recent years, CPE has appeared in many countries, especially developing ones, but it has not been
recognized in routine antibiograms. Also, assessing colistin susceptibility is a significant obstacle for
both diagnostic and epidemiological because of technical difficulties.® The size of the colistin molecular
structure is quite large, so colistin resistance cannot be detected by routine methods such as Kirby-Bauer
or E-tests.®

Consequently, there is rare data about CPE and colistin resistance Enterobacterales, so research about
multidrug resistance (MDR) should be conducted to support physicians in selecting the right antibiotic.
Therefore, this study surveyed colistin-resistant and carbapenemase phenotypes in carbapenem-resistant
E. coli and K. pneumoniae.

This study aims to determine the prevalence of producing carbapenemase and colistin-resistance among

K. pneumoniae and E. coli resistant to carbapenems.

METHODS

Study design and participants
A cross-sectional study was conducted at Cho Ray Hospital in Ho Chi Minh City, Vietnam. This is a
terminal hospital with diverse patients from the Southern provinces. 160 modulated isolates of K.
pneumoniae and E. coli from October 2023 to December 2023, which show resistance to at least one
antibiotic of carbapenems, were collected from inpatients in the clinical departments of Cho Ray
Hospital.
Data collection

The samples were cultivated in Blood agar, MacConkey agar, chocolate agar, or chromogenic agar,
depending on which type of specimens, and incubated from 16 to 18 hours at 35-37 °C to assess viability
and purity. Then, using the Vitek MS System (BioMérieux, France) to identify bacteria, using the Vitek-
2 compact system (BioMérieux, France) to detect carbapenem resistance bacteria strains. E. coli ATCC
25922 and K. pneumoniae BAA ATCC 1705 were used for quality control for bacterial identification

tests and chromogenic agar.
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After bacterial strains were assessed in this study, each sample was coded with an ID, so the participants'
information was secured to avoid bias errors in collecting data. Each isolate was stored in TSB 15% until
used.
The modified carbapenem inactivation method and EDTA modified carbapenem inactivation method
(mCIM/eCIM) were used to detect carbapenemase-producing Enterobacteriales. The test procedure and
interpretation were performed according to CLSI M100 S34.( Bacteria would be considered to produce
carbapenemase when they have positive results on the mCIM test. If these strains have positive results
with eCIM, they would be detected as MBL, either, or SBL.
Colistin resistance was detected by the Broth microdilution method (BMD). The test procedure complied
with the manufacturer's recommendation (Trek diagnostic), and the test interpretation followed the CLSI
M100 S34.) Colistin is resistant to bacteria strains when MIC is > 2 ug/mL and colistin is intermediate
to bacteria strains when MIC is <2 pg/mL.
Data analysis

The Student Version of IBM-SPSS version 20.0 was used to analyze data. Categorical variables about
the characteristics of the study participants are presented by frequency and percentages. The Chi-square
test assessed associations between carbapenemase-producing type and colistin resistance. A p-value of
less than 0.05 was considered statistically significant.

Ethical considerations
The study collected frozen bacterial strains isolated from patients who met the study's selection criteria
and did not have any intervention on the patients. The University of Medicine and Pharmacy Ethics

Committee at Ho Chi Minh City approved this research with the number contract 142/ HDDD-DHYD.

RESULTS

Characteristics of the study participants

In the flow chart of colony participants, 162 samples were assessed for initial eligibility and selected to

participate in this study. The figure (Fig. 1) was shown in the flow chart of participants throughout the

http://scielo.sld.cu
https://revmedmilitar.sld.cu

Bajo licencia Creative Commons QOO


http://scielo.sld.cu/
https://revmedmilitar.sld.cu/
https://creativecommons.org/licenses/by-nc-sa/4.0/

study. Participant strains that were excluded (attached the reasons) were noted; there were 160 eligible

participant strains.

Colonies forscreening (n=162)

Excluded n= 2; Reason:
contaminated with other bacteria

Eligible colonies: n=160

!

Index test n= 160

Y

T
Colistin resistance n= 31

Colistin intermediate n= 129

] "

Non-carbapenemase Serin- Blactamase Metallo- B lactamase

n=30 n= 89 n= 39

Fig. 1 - Flow chart of participants.

In table 1, of the 160 colony participants from many specimens screened in the study, most came from
elders (more than 60 years old), accounting for 53.7%. Among these, the prevalence of K. pneumoniae
was more frequent than that of E. coli (80.6% and 19.4%), and most bacteria strains were resistant to a
combo of ertapenem, imipenem, and meropenem, accounting for 93.8%.

In table 2, 128 of 160 participant strains were identified as having carbapenemase with mCIM-positive
results, accounting for 80% of the total sample. Specifically, of these 128 samples, there are 89 samples,
accounting for 69.5% belonging to MBLs with eCIM-positive results, and others were SBLs.

Of 129 K. pneumoniae, 102 samples were identified as carbapenemase, accounting for 79.1%. Among
these, 70 samples (68.6%) with MBLs were detected; the rest were SBLs.

Of 31 E. coli, 26 samples were identified as carbapenemase, accounting for 83.9 %. Among these, 19

samples (73.1%) with MBLs were detected; the rest were SBLs.

http://scielo.sld.cu
https://revmedmilitar.sld.cu

Bajo licencia Creative Commons QOO


http://scielo.sld.cu/
https://revmedmilitar.sld.cu/
https://creativecommons.org/licenses/by-nc-sa/4.0/

Table 1 - Characteristics of the study population

Characteristics | n | %
Ages
0-13 1 0.6
16-45 35 | 218
46-60 38 | 238
=&l 86 | 337
Gender
Male 93 | 381
Female 67 | 418
Specimens
Blood 31 | 194
Urine 23 | 144
Phlegm 48 | 300
Pus 13 | 81
Body fluid 45 | 281
Bacteria
Klehsiella prewmoniae 129 | 808
Escherichia coli 31 | 194
Pesistance to carbapensms

Ertapenem; Imipenem; Meropenem; 150 | 838
Ertapenem 1 0.4
Imipenem, Meropenem 4 23
Ertapenem, Imipenem 1 0.6
Ertapenem, Meropenem 1 0.4
Intermediate to Ertapenem 2 13
Intermediate to Ertapenem . Imipenem, Meropenem | 2 0.6
Total 160 | 100
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Prevalence of carbapenemase

Table 2 — Results of mCIM and eCIM for 160 CRE isolates

mCIM eCIM
Species — —
Positive | Negative | Positive | Negative
K preumoniaoe 102 25 0 32
E eoli 26 5 19 7
Total 128 30 8a 38

Prevalence of colistin resistance

Table 3 - Results of BMD for 160 CRE isolates

Intermediate Resistant
Species (MIC <2 pgmL) | (MIC =2 pg/mL) | p-value
n % n k|
K preumonioe oo 610 30 18.8
0.011
E. coli 30 13.3 1 0.8
Total 129 80.7 £} 194

In table 3, 31 of 160 participant strains were identified as colistin-resistant, accounting for 19.4% of the
total sample. Of 129 K. pneumoniae, 30 samples were identified as carbapenemase, accounting for
23.3%. Among 31 E. coli, only 1 sample was identified as colistin resistance, accounting for 3.2%. There

were statistical differences in colistin resistance between K. pneumoniae and E. coli with p=0.011.
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Correlation between carbapenemase and colistin—resistance

Table 4 - Distributions of colistin MICs determined by BMD for 160 CRE isolates

Colistin Reference MICs (pg/mL)
Species Carbapenemase type Intermediate Resistant p-value
(MIC <2 pg/mL) | (MIC =2 pg/mL)

MBL 36 14

Kiehsiella prnewmoniae SEL 23 7 0.370
Non-carbapensmase 12 9
MEL 19 0

Escherichia coli SEL 6 1 0.387
Non-carbapensmase ] 0
MEL 75 14

Total SBL 31 2 0.308
Non-carbapensmase 23 9

Of the 31 participant strains with colistin-resistant results, 14 were MBLs, 8 were SBLs, and others did
not have any carbapenemase; there was no statistical difference between carbapenemase types and either
having or not carbapenemase (table 4).

Among 30 colistin-resistant K. pneumoniae, 14 were MBLs, and 7 were SBLs. Only 1 E. coli was

resistant to colistin, which was detected as having SBLs.

DISCUSSION
The prevalence of CPE has been spreading rapidly and poses a problem with public health challenges

and the healthcare system. As a developing country, Vietnam has faced the increasing prevalence of MDR
bacteria, which could threaten to undermine the effectiveness of the last resort antibiotic.
This study collected samples from various specimens with 80% carbapenemase prevalence detected in

K. pneumoniae and E. coli. These results aligned with Sharma K et al.”) in India, in which this prevalence
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showed 86.1%.’ In Egypt and China, Khattab S et al.®) and Tsai YM et al.”) study has a slightly lower
70.7% and 57.1%, respectively. The causes of these differences may stem from variations in ethnicity,
living conditions, and antibiotic usage habits.

Specifically, among 128 CPE, 89 (69.5%) isolates producing MBLs were detected by using the
mCIM/eCIM method. This result is reasonable, considering the epidemiology of the distribution of
carbapenemase types in South and Southeast Asia.!?

Metallo-carbapenemase, known as harboring NDM, VIM, or IMP enzymes, often shows resistance to a
wide range of beta-lactams, including carbapenems. Newer antibiotics and beta-lactamase inhibitors,
such as ceftazidime-avibactam, are ineffective against MBLs. However, aztreonam, which MBLs do not
hydrolyze in combination with avibactam, can be considered a treatment option.!') Besides that,
combination therapy can enhance treatment efficacy and help prevent the development of further
resistance. In developing countries like Vietnam, combining classic antibiotics such as colistin may be
effective against some metallo-carbapenemase bacteria.!") Nevertheless, colistin-resistant bacteria are
present worldwide.

Bacterial strains that are resistant to both carbapenems and colistin are called extensively drug-resistant
(XDR).!?) In this study, overall colistin resistance among K. pneumoniae and E. coli is 19.4%. Current
result is similar to the study of Raunak Bir et al. (15%).!'> Specifically, the number of colistin-resistant
K. pneumoniae (CRKP) was significantly higher than E. coli (p= 0.011). Among 129 CRKP in current
study, 30 strains (23,3%) resisted colistin. It was correlated with Bui Thanh Thuyet et al.'¥ So, along
with previous studies, this research was evidence of the rising rate of XDR in Vietnam’s hospitals. There
was only one colistin-resistant E.coli among participant strains, accounting for 3.3%. Therefore, initial
antibiotic treatment with colistin could be considered for carbapenem-resistant E. coli.

Of 30 CRKP, there are 14 strains producing MBLs (45.2%) and 8 strains producing SBLs (25.8%). There
was no statistical difference in colistin resistance between carbapenemase type and either having or not
having carbapenemase. However, in the study of Elaskary SA et al.,!> among colistin-resistant strains,
there was a significant difference in carbapenemase gene prevalence, with SBLs being more predominant
than MBLs in CRKP. Epidemiological differences across countries may account for this variation

prevalence.
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There are also some limitations. This research was about carbapenemase phenotype and could not show
the exact genes that code for MBLs or SBLs. Furthermore, the sample size should come from a
multicenter to be more significant in detecting MDR, especially in E. coli.
The prevalence of carbapenemase-producing strains among participants' strains was very high. There
were signs of a widespread, extensively drug-resistant K. pneumoniae. Most E. coli strains were
susceptible to colistin.
Based on the evidence from this research at Cho Ray Hospital, aztreonam combined with colistin could
be recommended for treating diseases caused by CRE, especially E. coli.'®
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