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Abstract

Objective: Klebsiella pneumoniae (K. pneumoniae) is one of the most prevalent human pathogens. Carbapenemase-
producing klebsiella pneumoniae (CPKP) has recently developed significant antibiotic resistance, not just to carbapenem
antibiotics but also to the majority of other currently available antibiotics. Prior to this point, there have been few international
studies or publications on the situation of CPKP in Vietnam. Hence, this study was conducted to determine the antibiotic
resistance of K. pneumoniae and CPKP strains in Can Tho, Vietnam.

Material and Methods: In total, 345 K. pneumoniae strains were isolated. Antibiotic susceptibility was assessed via
an automated microbiological system. A modified carbapenem inactivation assay was applied to identify CPKP strains,
followed by the use of the MASTDISCS combi Carba plus disc system to classify certain carbapenemases.

Results: Of the 345 K. pneumoniae strains, 110 represented an isolation rate of 31.9%. There was a significant correlation

(p-value<0.05) between the specimen type, hospital unit and CPKP ratio. All the examined CPKP strains exhibited
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complete resistance to penicillin and cefazolin. The CPKP strains were also significantly more resistant to PTZ, cefepime,

ciprofloxacin and imipenem than the non-CPKP strains (p-value<0.05). Amikacin, gentamicin and TMP/SMX have been

shown to be effective in treating patients infected with CPKP strains.

Conclusion: CPKP accounts for 31.9% of all K. pneumoniae infections. K. pneumoniae and CPKP exhibited the highest

levels of resistance to ampicillin, cefazoline, ciprofloxacin, ceftriaxone and ceftazidime. Amikacin, gentamicin and TMP/

SMX were the least resistant antibiotics tested.

Keywords: antibiotic resistance, carbapenem resistance, carbapenemase-producing klebsiella pneumoniae, klebsiella

pneumoniae, Vietnam

Introduction

Klebsiella pneumoniae (K. pneumoniae) is a type
of gram-negative bacteria, and is the most significant
member of the genus klebsiella (enterobacteriaceae).
Humans are the primary hosts for K. pneumoniae. In
general, the main sources of enterobacteriaceae infection
are the gastrointestinal tract of patients and the hands of
hospital personnel'. K. pneumoniae is also a common cause
of several other infections; including: pneumonia, urinary
tract infections, cutaneous infections, and septicemiaz’s. A
systematic review and meta-analysis of the global burden
of bacterial antimicrobial resistance in 2019, revealed that K.
pneumoniae ranked third among all pathogens in terms of
deaths associated with resistance; just behind escherichia
coli and staphylococcus aureus. In addition, carbapenem
and cephalosporin-resistant K. pneumoniae play significant
roles”.

The resistance mechanisms of K. pneumoniae
include the production of B-lactamases, lack of membrane
porin proteins, and active efflux of antibacterial drugss.
The majority of K. pneumoniae bacteria can produce the
extended spectrum B-lactamase (ESBL), which inactivates
broad-spectrum cephalosporins and most b-lactams.
Additionally, they are cross-resistant to numerous

other antibiotic classes; including aminoglycosides and
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fluoroquinolon®’. Therefore, carbapenem antibiotics are
considered the last choice of treatment. However, this group
of antibiotics has been subjected to the selection pressure of
K. pneumoniae in Vietnam owing to the lack of control over
their use. The production of the carbapenemase enzyme
is the primary cause of widespread antibiotic resistance,
not only to carbapenem antibiotics but also to most other
currently available antibiotics®.

The status of carbapenemase-producing K.
pneumoniae (CPKP) has been constantly studied, and
updated to provide physicians with effective treatment
options. In 2014, Ghotaslou et al. conducted a study in
five hospitals in Iran, which revealed that the prevalence
of CPKP was 26.3% of all K. pneumoniae infections’.
Moreover, this proportion has been reported to be nearly
twice as high in France and the United States (57.1%
and 45.4%, respectively)’®". In China, Wang et al. (2018)
described the characteristics of carbapenem-resistant
Enterobacteriaceae, and showed that 91% of cases were
caused by CPKP™.

In Vietnam, as of 2015, K. pneumoniae has attracted
attention in clinical practice, with the data revealing that
the prevalence of antibiotic-resistant K. pneumoniae
has increased over the years. In 2017, a study on the

antibiotic resistance rate of K. pneumoniae revealed
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that cephalosporin resistance ranged from 22.9% to
54.7%; whereas, carbapenem resistance accounted for
3.5%". In 2019, these rates increased to 78.1%-83.8%
for cephalosporin resistance and 38.4% for imipenem
resistance; a common antibiotic from the carbapenem
class™. To date, there have been few studies or international
publications on the situation of CPKP in Vietnam. Due to
this knowledge gap, this study was conducted to determine
the antibiotic resistance rates of K. pneumoniae and CPKP

in Can Tho, Vietnam.

Material and Methods

Study setting

From June 2021 to May 2022, a cross-sectional
study, involving 345 K. pneumoniae-infected patients,
at the Can Tho General Hospital and Can Tho Central
General Hospital was conducted. Can Tho is the central city
that represents the Mekong Delta region of Vietnam, and
these two hospitals are classified as first-class hospitals,
with contemporary facilities in order to provide inhabitants
with comprehensive healthcare services. Can Tho General
Hospital is an 800-bed hospital belonging directly to the
Can Tho Department of Health. Can Tho Central General
Hospital has a capacity of 1200 beds, and is directly affiliated
with the Ministry of Health of Vietnam. The teams from both
hospitals collaborated to collect and analyze all samples in

accordance with an established process.

Patients and data collection

K. pneumoniae was isolated from patients with
infectious diseases, who were older than 16 years: all
patients provided consent to participate in the study. If more
than one K. pneumoniae specimen was isolated from a
patient, only one specimen was selected for analysis in this
study. Exclusion criteria were: K. pneumoniae strains that

were isolated from the same patient later in the treatment

Journal of Health Science and Medical Research

Do Tran H, et al.|

course, K. pneumoniae strains that were contaminated in
patient samples, or were isolated to monitor nosocomial
infections and periodic cultures, and patients who did not
complete an antibiogram; or whose antibiogram did not
contain sufficient antibiotics for the study. According to a
previous study conducted in Vietnam, the rate of CPKP
isolated from all K. pneumoniae samples was 26.4%"°. The
calculated sample sizes for this study was in accordance
with the World Health Organization sample size calculation
program (version 2.00), with 0=0.05 and €=relative accuracy
(0.25)=1.96. The calculation yielded a sample size of 299
samples; in total, 345 samples were collected.

Infectious disease physicians collected
sociodemographic and clinical data (age, gender, admission
date, and specimen collection date) as well as the samples.
Urine, blood, sputum, pus and other biological fluids were
collected to identify pathogen characteristics and antibiotic
resistance rates. Bacteria were initially cultured from sputum,
urine, blood, pus and other biological fluids. The isolation
was performed according to the following procedure.

Blood specimens: Blood culture bottles were
incubated at 37 °C in an incubator for 7 days to determine
whether there was bacterial development in the solid phase.
The liquid phase was coated with the solid phase when no
bacteria developed. Because of some bacteria blind cultures
were performed over two days (the second and sixth days)
on blood agar (BA) incubated in a CO2 incubator or a candle
jar for 24 hr. A Gram-stained smear identification of the
bacteria and an antibiogram were performed whenever
there was evidence of bacteria growing on the solid phase
or the blind cultures on BA'™.

Urine specimens: Culture rings were filled using
a 1 pl quantitative inoculation tip and the sample was
spread evenly across the surface of a culture agar dish
(BA and MacConkey (MC)). Then, the BA was incubated

in a candle jar for 24 hr and the MC was incubated in an
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incubator at 37 °C for 24 hr. The number of colonies (n)
per agar dish were counted to obtain the total number of
live bacteria (colony-forming units, CFU) in 1 ml of urine:
X (CFU/ml)=nx1,000". The results were as follows: (1)
X<10,000 CFU/mI, no urinary tract infection (UTI); (2) 10,000
<X<100,000 CFU/mI, suspected UTI; and (3) X>100,000
CFU/ml, UTI. Suspected UTI specimens were reported to
the physician for resampling, or to continue the investigation
if the patient had a medical history of repeated UTls.

Sputum specimens: Before bacterial culture,
isolation, and identification, it was crucial to evaluate whether
the sputum samples were reliable based on the Bartlett
scale™. First, 1 ml of sputum was added to 1 ml of normal
saline and vortexed thoroughly to dissolve it. Next, 1 ml of
the dissolved sputum solution was diluted in 9 ml of 0.9%
NaCl solution and mixed thoroughly. Finally, quantitative
cultures were performed on an MC medium, with 1pl solution
above and incubated at 35 °C for 24 hr or on a BA medium
incubated at 35 °C for 24 hrs, with 5-7% COZ. After 24
hr, colony morphology was observed and the suspected
pathogenic bacteria were selected and counted using the
following formula: X (CFU/ml)=nx2x10x1,000; where: “n”
is the number of suspected colonies, “2” is the first-step
dilution factor, “10” is the second-step dilution factor and
“1,000” is the final dilution factor".

Pus and other biological fluid specimens:
Specimens were collected using sterile cotton swabs, and
were immediately transported to the laboratory. They were
then inoculated into liquid BHI medium for 1 hr at 37 °C.
This was then continued with 3D inoculation on BA medium
incubated in a candle jar at 37 °C for 24 hr or on MC
medium incubated at 37 °C for 24 hr*.

Staining and observation was then performed
to identify the results of bacteria. Using an automated
microbiology system (BD Phoenix, Becton Dickinson) and a

VITEK® 2 system, at Can Tho Central General Hospital and
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Can Tho General Hospital, respectively, the bacteria were
identified, and their antibiotic susceptibility was determined.
A modified carbapenem inactivation method (mCIM) assay
was used to screen CPKP strains. To determine CPKP
by mCIM with CLSI 2020, the bacterial control strains
were used; including Escherichia coli ATCC 25922 as the
standard sensitive carbapenem strain, K. pneumoniae
ATCC BAA 1705 as the positive control and K. pneumoniae
ATCC BAA 1706 as the negative control. Following this,
MASTDISCS combi™ Carba Plus (D73C) (Mast Group, US)

21,22
(

method was used to classify carbapenemases Figure 1).
Statistical analysis
The data were analyzed using SPSS 18.0. A chi-
squared test was used to compare the differences in the
two ratios between groups of patients with similar study
characteristics; including: gender, age group, department
and specimen. A p-value<0.05 was considered as

statistically significant.

Results

A total of 345 patients participated in this study.
Males made up 57.4% (198/345) of the total population
and females accounted for 42.6% (147/345). In this study,
the average age was 65.4 years of age, with 67.2%
(232/345) of the participants being over 60 years of age. We
collected samples from the majority of hospital departments
and classified them into four categories: surgery, internal
medicine, anesthesiology and the intensive care unit (ICU).
The prevalence of K. pneumoniae infections was the highest
in the internal medicine group (46.4%), followed by the
ICU group (36.0%). The surgery group had the lowest
prevalence rate of 7.2%. Overall, 55.4% of the isolated K.
pneumoniae specimens in this study were from sputum,
while 21.4% were from pus: blood samples represented the

lowest percentage (4.1%) (Table 1).
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Patients over 16 years old with
infectious disease diagnosis and
were hospitalized for treatment

Explain and recruit
for the study

Yes

N = 345

Collected samples include:

- Demographic information

- Samples: urine, blood, sputum, pus
and other biological fluid.

Label “CPKP study”

Cultured, identified bacteria and
determined antibiotic susceptibility by
Phoenix system and VITEK® 2 system

Modified Carbapenem Inactivation

Method (mCIM) assay

MASTDISCS combi™ Carba Plus
(D73C)

Figure 1 A schematic diagram of our data collection procedure

CPKP was isolated from 110 samples, representing
31.9% of the total number of samples. Female patients
had a higher prevalence of CPKP (33%) compared to male
patients, who had a prevalence rate of 30.8%. However,
the difference between the male and female rates was not
significant. The 16-45 years age group had the highest
CPKP percentage at 34.3%, while the 46-60 years age
group had the lowest percentage (29.0%). The differences in
the distributions of CPKP isolation between gender and age
groups were insignificant. The proportion of CPKP-isolated
specimens was the highest in the surgery group (44%). The
rate of CPKP was highest in blood samples (64.3%) and
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lowest in pus samples (13.5%). In addition, the distribution
of CPKP varied significantly between departments and
specimen types (Table 2).

In terms of CPKP distribution among the 110
isolates, the highest percentages were attributable to the
following conditions: male gender, 55.4% (61/110); age>60
years, 68.1% (75/110); sputum sample, 57.2% (63/110);
and the ICU department group, 48.1% (53/110) (Table 2).
Additionally, OXA-48 accounted for 72.7% (80/110) of the
110 CPKP isolates, followed by MBL at 12.7% (14/110), and
KPC at 8.2% (9/110) (Figure 2).

J Health Sci Med Res 2024;42(1):e2023964
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Table 1 The characteristics of the study participants

N Percentage

Gender

Male 198 57.4

Female 147 42.6
Age group (Mean age=65.4+15.9)

16—45 years old 35 10.1

46-60 years old 78 22.6

>60 years old 232 67.3
Department

Surgery 25 7.2

Internal medicine 160 46.4

Anaesthesiology 33 9.6

Intensive care unit 127 36.8
Specimen

Sputum 191 55.4

Pus 74 21.4

Blood 14 41

Urine 38 11.0

Biological fluid 28 8.1

K. pneumoniae was resistant to over 50% of the
antibiotics in this study (8/12). K. pneumoniae had the
highest level of resistance to ampicillin; a member of the
penicillin family. The rate of resistance to the cephalosporins
was high. For example, cephazolin (1% generation),
ceftazidime (3" generation), ceftriaxone (3¢ generation) and
cefepime (4" generation) had resistance rates of 76.5%,
67.5%, 68.1%, and 61.2%, respectively. There was an
average resistance rate of 52.2% to piperacillin-tazobactam
(PIP/TAZQ); an antibiotic with B-lactamase inhibitors. A
high resistance rate of 69.9% (241/345) to ciprofloxacin; a
member of the fluoroquinolone class, was observed. The
rate of resistance to the carbapenem group of antibiotics;
including imipenem and ertapenem, was between 43.2%
and 49.0%; whereas, resistance to amikacin was the lowest
at 17.4% (60/345) (Figure 3).
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Table 2 The distribution of carbapenemase-producing
klebsiella pneumoniae (CPKP) among total

klebsiella pneumoniae infections

CPKP Non-CPKP p-value
% (n) % (n)
Gender
Male 30.8 (61) 69.2 (137)
Female 33.3 (49) 66.7 (98) 0.619
Age group (Mean age=65.4+15.9)
16—-45 years old 34.3 (12) 65.7 (23)
46-60 years old 29.5 (23)  70.5 (55) 0.852
>60 years old 323 (75)  67.7 (157)
Department
Surgery 44.0 (11) 56.0 (14)
Internal medicine 26.2 (42) 73.8 (118)
Anesthesiology 12.1 (4) 87.9 (29) <0.001
Intensive care unit  41.7 (53) 58.3 (74)
Specimen
Sputum 33.0 (63)  67.0 (128)
Pus 13.5 (10) 86.5 (64)
Blood 64.3 (9) 35.7 (5) <0.001
Urine 50.0 (19)  50.0 (19)
Biological fluid 32.1 (9) 67.9 (19)
Total 31.9 (110)  68.1 (235)

CPKP=carbapenemase-producing klebsiella pneumoniae

CPKP strains exhibited the lowest levels of resistance
to amikacin (32.7%), gentamicin (47.3%), and TMP/SMX
(61.8%). However, 100% of the CPKP strains were resistant
to ampicillin and cefazolin. Additionally, the CPKP strains
exhibited almost complete resistance to the other antibiotics
considered in this experiment. The rates of resistance of
CPKP to PIP/TAZO, cefepime, amikacin, ciprofloxacin
and imipenem were statistically significant (p-value<0.05)

compared to those of the non-CPKP isolates (Table 3).
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72.70% OXA-48
12.70% MBL
8.20% KPC
6.40% Others

OXA-48=oxacillinase-48, MBL=mannose-binding lectin, KPC=klebsiella pneumoniae carbapenemase

Figure 2 The distribution of carbapenemase-producing klebsiella pneumoniae (CPKP) by carbapenemase

Discussion

This study included 345 patients, with a greater
proportion of men than women (57.4% vs 42.6%,
respectively). This was consistent with previous pilot
studies in Vietnam that involved a greater proportion of
men than of women. Therefore, it is believed that this
represents the gender characteristics of K. pneumoniae
infections in Vietnam. Nirwati et al. reported in 2019, that
males accounted for 64.07% of their study population at
the Klaten Hospital in Indonesia; while females accounted
for 35.59%%. In a 2020, study at the Cote d’lvoire Hospital,
Schultea et al. also reported a higher proportion of males
than females (59.8% vs. 40.2%)>. The average age in this
study was 65.4 years, with a minimum of 18 years and a
maximum of 99. The older than 60 years group had the
highest prevalence rate at 67.2% (232/345), and this rate

gradually decreased with age. This result is comparable to
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those of other Asian nations®**

. Advanced age is most likely
a risk factor for patients with K. pneumoniae vulnerability.
Therefore, in cases of infections that require hospitalization,
special care must be given to elderly patients.

Similar to the aforementioned studies, the samples
with the highest frequency of K. pneumoniae were sputum
samples (55.4%; 191/345), followed by pus samples
(21.4%)*%. Each type of specimen had a distinct group of
infectious diseases. From this, it was evident that respiratory
infections were frequently caused by K. pneumoniae;
therefore, it is necessary to focus on infection control;
particularly the control of airborne infections, to avoid
the spread of K. pneumoniae in hospital environments.
Additionally, the ICU and internal medicine groups had high
prevalence rates of K. pneumoniae (36.8% and 46.4%,
respectively), particularly in the respiratory division. Because

K. pneumoniae is a common cause of nosocomial infections,

J Health Sci Med Res 2024;42(1):e2023964
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PIP/TAZO
Ampicillin
Cefazolin
Ceftazidime
Ceftriaxone
Cefepime

Amikacin 17.4

Antibiotics

Gentamicin
Ciprofloxacin
TMP/SMX
Imipenem

Ertapenem

52.2

99.4

76.5

67.5

68.1

61.2

40.6

69.9

55.4

43.2

49.0

50 100

Percentage of resistance

PIP/TAZO=piperacillin/tazobactam, TMP/SMX=trimethoprim/sulfamethoxazole

Figure 3 The general antibiotic resistance rate of klebsiella pneumoniae

the highest prevalence rates were observed in departments
with large numbers of critically ill patients requiring long
hospitalization periods and invasive procedures, which could
easily increase the risk of infection with K. pneumoniae.
This result is comparable to those of other prior studies™ ™.

In terms of carbapenemase production, 33.3%
(49/147) of K. pneumoniae samples from female patients
produced carbapenemase, compared to 30.8% (61/198) of
samples from male patients. CPKP prevalence was highest

among individuals aged 16-45 years (34.3%; 12/35) and
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lowest among patients aged 46-60 years (29.5%; 23/78).
Thus, this study differs from previous international research.
According to findings from a study conducted by Jeong at
five hospitals in Korea in 2016, the prevalence of CPKP
infection was predominantly among male patients (76.8%),
with an average age of 64.6 years®™. In the same vyear,
Shimasaki conducted research at a long-term acute care
hospital in Chicago and found that 41.6% of patients infected
with CPKP strains were female, while 58.2% were male.

The median patient age in that study was 63.2 years™.

J Health Sci Med Res 2024;42(1):e2023964
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Table 3 The antibiotic-resistance rates of carbapenemase-
producing klebsiella pneumoniae (CPKP) and

non-CPKP isolations

Antibiotic CPKP % non-CPKP % p-value
(n=110) (n=235)

Piperacilin/tazobactam  97.3 311 0.00

Ampicillin 100 99.1 >0.05

Cefazolin 100 65.5

Ceftazidime 991 52.8

Ceftriaxone 98.2 54.0

Cefepime 97.3 44.3 0.00

Amikacin 32.7 10.2 0.00

Gentamicin 47.3 37.4

Ciprofloxacin 99.1 56.2 0.00

TMP/SMX 61.8 52.3 >0.05

Imipenem 94.5 19.1 0.00

Ertapenem 99.1 25.5

CPKP=Carbapenemase-producing klebsiella pneumoniae, TMP/
SMX=trimethoprim/sulfamethoxazole

Consequently, gender and age characteristics have changed
at various points in time, and in various study locations.
Among the 110 strains (57.3%, 63/110), sputum
samples showed the highest incidence of CPKP. There was
a correlation between the CPKP strains and specimen types
(p-value<0.001). According to Jeong, CPKP prevalence was
the highest in respiratory specimens (44.9%) in 2016%. This
result was also in line with the fact that the majority of K.
pneumoniae bacteria were found in the respiratory samples
in this study. Similar to the results for K. pneumoniae as a
whole, the ICU department had the highest rate of CPKP
prevalence (48.1%; 53/110), which correlated with the
department (p-value<0.001). According to domestic and
international investigations, the majority of CPKP strains
were identified in Intensive Care Unit samples®.
Carbapenems are used as a last resort for the

treatment of serious infections. Carbapenemases are

Journal of Health Science and Medical Research

Do Tran H, et al.|

enzymes that hydrolyze carbapenems and are the primary
cause of carbapenem resistance. According to the Ambler
classification, carbapenemases are classified into three
types, based on their chemical structure®. In particular,
carbapenemases KPC (class A), metal-B-lactamases VIM,
NDM (MBL, class B) and OXA-48 (class D) have been
focused on carbapenems resistance®"*
research, of the 110 strains of CPKP; OXA-48 (group D)
had the highest prevalence at 72.7% (80/110), followed by

MBL (group B) at 12.7% (14/110), KPC (group A) at 8.2%

. According to this

and other carbapenemases at 6.4% (7/110). These findings
were comparable to those of Messaoudi, who conducted
research in 2014, at Sahloul-Sousse University Hospital in
Tunisia, and found that the prevalence rate of CPKP group
D (OXA-48) was 84.0%; while the prevalence rate of group
B (MBL) was 7.0%™. In contrast, a study by Ghotaslou et al.
in Iran found that CPKP strains had the highest proportion
of MBL (class B) at 15.8%, followed by KPC (class A) at
7.0% and OXA-48 (class D) at 3.5%’.

In this investigation, K. pneumoniae was resistant to
more than 50% of the antibiotics evaluated. K. pneumoniae
was the most resistant to ampicillin among the penicillin-
based antibiotics (343/345). The overall resistance rate of K.
pneumoniae to cephalosporin antibiotics ranged from 61.2%
to 76.5%. Haing a resistance rate of 76.5% (264/345),
K. pneumoniae exhibited the highest level of resistance
to cefazolin: the first generation of cephalosporins. K.
pneumoniae resistance to the third and fourth generations
of cephalosporins ranged from 61.2% to 68.8%. The average
resistance rate of K. pneumoniae to the group of antibiotics
coupled with B-lactamase inhibitors was 52.2% (180/345
for piperacillin—tazobactam). K. pneumoniae was highly
resistant to ciprofloxacin, at a rate of 69.9% (241/345).
In the folate pathway inhibitor group, the average rate of
resistance to trimethoprim—sulfamethoxazole was 55.4%

(191/345). K. pneumoniae resistance to carbapenems

J Health Sci Med Res 2024;42(1):e2023964
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ranged between 43.2% and 49.0% on average. The
antibiotic to which K. pneumoniae showed the lowest
rate of resistance was amikacin (17.4%; 60/345). K.
pneumoniae exhibited a resistance rate of 40.6% (140/345)
to gentamicin. Similarly, a study by Al-Zalabani at King
Fahad Hospital, Saudi Arabia from 2014 to 2018 found a
typical K. pneumoniae antibiotic resistance rate of 58.7%
for piperacillin—tazobactam, 99.9% for ampicillin, 77.8%
for ceftriaxone, and 38.8% for imipenem“. A more recent
clinical profile of K. pneumoniae in Portugal demonstrated
a higher rate of B-lactam resistance than that in Vietnam.
Cefazolin, cefepime, ceftazidime and PIP/TAZO were almost
completely resistant. Furthermore, the rates of resistance to
imipenem (67.6%) and ertapenem (76.5%), which are both
members of the carbapenem family, were much higher in
this study®. In addition, based on the global meta-analysis
by Uzairue et al., the rate of carbapenem resistance in K.
pneumoniae is average; including resistance to ertapenem
(44.4%), imipenem (35.2%), and meropenem (36%).
However, the rate of amikacin resistance in K. pneumoniae
in this study’s investigation was still lower than the rate of
25.4% identified in the meta-analysis®.

In this study, 100% of CPKP strains were resistant
to ampicillin and cefazolin. CPKP strains showed the
lowest levels of resistance to amikacin (32.7%), gentamicin
(47.3%), and TMP/SMX (61.8%). The CPKP strains also
exhibited almost complete resistance to the other antibiotics
tested. The CPKP strains were much more resistant to the
tested antibiotics than non-CPKP strains. These results
were similar to those of a 2015, Taiwanese study by Chiu,
which demonstrated that CPKP strains had the least
resistance to amikacin (21.2%) and gentamicin (46.0%), had
relatively high resistance to TMP/SMX (70.9%), and were
nearly completely resistant to other antibiotics in the trial®’.

In a 2017 study, conducted in Bangladesh by Okanda et al.,
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the total resistance of CPKP to several antibiotics was
comparable to that observed in this study. In contrast, the
prevalence of resistance to amikacin (86%), gentamycin
(100%), and TMP/SMX (86%) is inversely high®. In 2022,
a study in Wuhan, China discovered a similarity in CPKP
resistance to some commonly used antibiotics; including
ampicillin, ciprofloxacin, ceftriaxone, imipenem and PIP/
TAZ, with 100% resistance. However, this study found
a significantly higher rate of resistance to amikacin and
gentamicin, which were still susceptible in this study, with
86.67% for each™.

These results could contribute to improvements in
the administration of antibiotics during the clinical practice of
local physicians, and help fill the knowledge gap regarding
the situation of CPKP in Vietnam. These results also
show that it is crucial to restrict the widespread use of
carbapenems to treat K. pneumoniae-infected individuals.
In addition, the antibiotics amikacin, gentamicin and TMP/
SMX have been demonstrated to be useful in treating
patients infected with CPKP strains; however, MBL-type

CPKP strains are not recommended.

Conclusion

K. pneumoniae is one of the most important
pathogens associated with multidrug resistance deaths. In
this study, CPKP was highly resistant to several antibiotics
and accounted for 31.9% of all K. pneumoniae infections.
K. pneumoniae was the least resistant to amikacin,
gentamicin and TMP/SMX in general, and CPKP in
particular. The most resistant antibiotics were ampicillin,
cefazolin, ciprofloxacin, ceftriaxone and ceftazidime. The
detection of carbapenemase-encoding genes and other
CPKP resistance genes in Vietnam should be investigated

further.
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