ORIGINAL ARTICLE

Prevalence of Antibiotic-Resistant Gram-Negative
Bacteria and Susceptibility Patterns in Provincial Hospital,
Thailand: A Decade Review

Suwadee Jirasakpisarn, MD?

! Department of Pediatrics, Pranangklao Hospital, Nonthaburi, Thailand

Background: Antimicrobial resistance is a significant public health issue globally, particularly due to gram-negative bacteria, which lead to
treatment failures and increased mortality among infected patients.

Objective: To analyze isolation data of Acinetobacter baumannii (AB), Pseudomonas aeruginosa (PA), Escherichia coli (EC), Klebsiella pneumoniae
(KP), and Enterobacter cloacae (EB), as well as their susceptibility patterns to ceftriaxone, ceftazidime, gentamicin, amikacin, piperacillin-
tazobactam, and meropenem.

Materials and Methods: All isolates of AB, PA, EC, KP, and EB were retrospectively collected from pediatric department patients at
Pranangklao Hospital between January 1, 2013, and December 31, 2022.

Results: Three thousand sixty-seven isolates were enrolled with 710 for AB, 722 for PA, 743 for EC, 735 for KP, and 157 for EB. The male ratio
was 55.9% and the age ranged from one day to 14.9 years. The sources of isolates were respiratory secretions in 57.8%, urine in 21.4%, pus in
10.2%, and blood in 9.7%. The highest carbapenem-resistant rate (%CR) over the decade was observed in AB, with a minimum and maximum of
45.5% and 96.1%, which is consistent with the percentage of MDR/XDR. Notably, the percentage of CR of PA sharply increased from 25.3% in 2017
to 67% in 2018, reaching 82.8% in 2020, while the 10 years percentage of MDR/XDR remained stable at 4.8% to 22%. The percentage of ESBL,
for producing strains for EC, KP, and EB ranged from 40.7% to 63.8%, 47.1% to 84.8%, and 41.7% to 84%, respectively, with the percentage CR
being extremely low for EC at 0% to 4.3%, for KP at 0% to 16.1%, and for EB at 0% to 12.5%. Ceftazidime, gentamicin, amikacin, and piperacillin-
tazobactam remained effective against PA as the 10 years percentage susceptibility at 75.8% to 98%, while these drugs, including meropenem,
showed poor susceptibility against AB since 2020 as the percentage of susceptibility ranged from 2.3% to 11.3%. Amikacin and meropenem
demonstrated excellent performance for EC, KP, and EB with the percentage of susceptibility at 76% to 100%.

Conclusion: AB and PA represent significant threats in Pranangklao Hospital.
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Antimicrobial resistance (AMR) represents a
significant global public health concern, particularly
attributed to gram-negative bacteria (GNB), resulting
in the failure of treatment and a rise in mortality rates
among infected individuals. The estimated annual
fatality from AMR is approximately 700,000 affected
patients worldwide, it can reach 10 million people
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within the next two decades, without appropriate
resolution. Moreover, the impact of drug-resistant
bacteria infection increased the length of stay
(LOS) of hospitalized patients and expenses for
antimicrobial utilization leading to economic loss.
In Thailand, there were approximately 88,000 cases
and 38,000 deaths yearly from AMR infections,
respectively causing economic disruption exceeding
40 billion Baht™™. Enterobacterales: Acinetobacter
baumannii, Pseudomonas aeruginosa including
carbapenem-resistant Enterobacteriaceae (CRE)
and extended-spectrum beta-lactamase (ESBL)-
producing Enterobacteriaceae such as ESBL-
producing Escherichia coli and ESBL-producing
Klebsiella pneumoniae were the most common
hospital-acquired drug-resistant GNBs worldwide
including Thailand correlating with National
Antimicrobial Resistance Surveillance, Thailand
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(NARST) data®?.

The rapidly rising rate of these GNBs is a critical
issue that demands evaluation and comprehensive
application of strategies for deceleration.

The author aimed to determine the AMR rate
for the carbapenem-resistant and multidrug-resistant
(MDR)/extensively drug-resistant (XDR), or ESBL
producing strain, of A. baumannii, P. aeruginosa,
E. coli, K. pneumoniae, and E. cloacae and the
susceptibility patterns to ceftriaxone, ceftazidime,
gentamicin, amikacin, piperacillin-tazobactam, and
meropenem in Pranangklao Hospital, a provincial
hospital of Central Thailand for understanding and
applying in the antimicrobial stewardship.

Materials and Methods
Study design and setting

A retrospective cohort study was conducted
in all pediatric departments, such as the pediatric
intensive care unit (PICU), neonatal intensive
care unit (NICU), sick child, and sick newborn
department of Pranangklao Hospital, a provincial
hospital in Nonthaburi, Thailand. Laboratory
electronic data were collected between January 1,
2013, and December 31, 2022. Resistant data and
susceptibility patterns to ceftriaxone, ceftazidime,
gentamicin, amikacin, piperacillin-tazobactam, and
meropenem were collected, including specimen type,
and details of patients such as age, gender, and ward
of admission. The present study was approved by
the Human Ethics Committee, Pranangklao Hospital
(Ethical No. PE 6521).

Population

All patients who were admitted to all pediatric
departments had positive culture results of any
sources identified as A. baumannii, P. aeruginosa,
E. coli, K. pneumoniae, and E. cloacae by the
microbiology laboratory. The data were classified
as carbapenem-resistant strain and MDR/XDR for
A. baumannii and P. aeruginosa, or ESBL-producing
strain for E. coli, K. pneumoniae, and E. cloacae.

Definitions

Carbapenem-resistant strain was defined as
resistant to which one of the carbapenem antibiotics
such as ertapenem, meropenem, imipenem, and
doripenem. The definition of a MDR microorganism
was non-susceptible to at least one antimicrobial agent
in three or more classes of therapeutic antimicrobial
agents, while XDR meant no susceptibility to at
least one agent of nearly all, remaining one or two
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antimicrobial classes for treatment®®. ESBL was
defined by resistance to beta-lactam antibiotics such
as penicillin, cephalosporins, and monobactam,
whereas susceptible to carbapenems and beta-
lactamase inhibitors, in vitro. ESBL-producing
strains were identified through the utilization of the
combined disc method of ceftazidime of 30 pug and
clavulanic acid of 10 pg. The presence of ESBL
was confirmed when measuring 5 mm or more of
the inhibition zone diameter when comparing the
combined ceftazidime plus clavulanic acid disc to
the ceftazidime disc alone®. Furthermore, the Vitex
2 Compact (bioMerieux, Craponne, France) and
double disc synergy test (DDST) for cefotaxime,
amoxicillin-clavulanic, and ceftazidime disc, were
utilized to confirm ESBL production.

Microbiological procedures

The Kirby-Bauer disc diffusion method
on Mueller Hinton agar and Vitex 2 Compact
(bioMerieux, Craponne, France) were used for
antimicrobial susceptibility testing and microorganism
identification. Clinical and Laboratory Standards
Institute (CLSI) was the standardization of
susceptibility and breakpoint interpretation.

Statistical analysis

The IBM SPSS Statistics, version 28.0.1 (IBM
Corp., Armonk, NY, USA) was employed for
analysis. The qualitative data were presented in the
form of frequencies and percentages, facilitating a
comprehensive description of the variables under
investigation. Statistical significance was assessed
using chi-square goodness of fit test. A threshold of
p-value of less than 0.05 was adopted to establish the
presence of statistically significant findings.

Results
Study population

The total isolate of all five microorganisms in a
decade review was 3,067 isolates, from male at 55.9%
and a minimum and maximum age of 1 day to 14.9
years. The highest amount of isolate was identified
as E. coli with 743 isolates (24.2%), followed by
K. pneumoniae with 735 isolates (24%), P. aeruginosa
with 722 isolates (23.5%), A. baumannii with 710
isolates (23.2%), and E. cloacae with 157 isolates
(5.1%), respectively. The most common source was
the respiratory tract with 1,773 isolates (57.8%)
followed by urine with 655 isolates (21.4%), pus with
313 isolates (10.2%), blood with 298 isolates (9.7%),
and other fluids/cerebrospinal fluid (CSF) with 28
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isolates (0.9%), respectively. The ward exhibiting
the highest microbiological culture yield and AMR
isolate was the NICU with 1,351 isolates (44.1%) for
59.8% of the total (Table 1).

Antimicrobial resistance

Overall, A. baumannii demonstrated the highest
percentage of carbapenem-resistant strain (%CR) in
the range of 45.5% to 96.1%, except for the years
2018 and 2019 when P. aeruginosa had a higher
%CR. In detail, the %CR in P. aeruginosa showed
a continuous upward trend since 2016, with a
significant surge observed from 2017 with %CR of
25.3% to 2018 with %CR of 67%, reaching its peak
in 2020 with %CR of 82.8%, whereas %MDR/XDR
was slowly rising from 10% in 2013 to 22% in 2022.
Over the past decade, CRE was rarely identified in
E. coli and E. cloacae, occurring in only two years.
The highest %CR value recorded for E. coli was
4.3% in 2021, while E. cloacae demonstrated its
highest %CR value of 12.5% in 2022. Regarding
K. pneumoniae, the %CR ranged from 0% to 16.1%.

Over the 10-year period, the comparison of
%ESBL revealed that K. pneumoniae exhibited the
highest %ESBL and exhibited a gradual upward
trend with %ESBL ranging from 47.1% to 84.8%.
Conversely, E. cloacae showed a decreasing trend
in %ESBL, declining from 82.1% in 2013 to 50% in
2022. The %ESBL of E. coli remained stable, with
values ranging between 40.7% and 63.8% (Figure 1).

Antibiogram

Amikacin showed the best performance for
A. baumannii, with the highest % susceptibility value
of 68.2% in 2014. However, it gradually declined
over time, reaching 42.9% in 2018, which was
similar to other types of drugs. After 2018, the overall
efficacy of all medications decreased in the range of
0% to 26.5% of susceptibility reflecting no efficacy
for treatment (Figure 2).

For P. aeruginosa, ceftazidime, gentamicin,
amikacin, and piperacillin-tazobactam exhibited
favorable efficacy over a ten-year period (% sus-
ceptibility ranging from 75.8% to 98%). Conversely,
meropenem demonstrated satisfactory performance
from 2013 to 2017 with the % susceptibility ranging
from 60% to 88.1%. However, it subsequently
experienced a rapid decline in efficacy with
% susceptibility ranging from 17.8% to 35.1%,
which correlated with the emergence of carbapenem-
resistant strains (Figure 1, 2).

Amikacin and meropenem showed high efficacy,
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close to 100%, for E. coli, K. pneumoniae, and
E. cloacae throughout the 10-year period. Although
less effective than the former two drugs, piperacillin-
tazobactam demonstrated consistently good
performance for E. coli, with % susceptibility ranging
from 86.2% to 96.3%. However, for K. pneumoniae,
there was a decreasing trend in % susceptibility,
starting at 85.2% in 2013 and declining to 54.9% in
2022 (Figure 2).

Discussion

The emergence of resistant microorganisms is
rapidly escalating worldwide, impacting not only
individual health but also imposing significant
economic burdens. CRE, MDR Acinetobacter,
MDR P. aeruginosa, and ESBL-producing Entero-
bacteriaceae are urgent threats classified by the
Centers for Disease Control and Prevention (CDC)™.
The antibiotic resistance crisis is driven by overuse,
inappropriate prescribing, extensive agricultural use
of antimicrobial agents, and the limited availability
of new antibiotics”?.

This decade review study revealed that E.
coli was the most frequently isolated organism at
24.2%, closely followed by K. pneumoniae at 24%,
P, aeruginosa at 23.5%, and A. baumannii at 23.2%.
In contrast, E. cloacae had the lowest isolation rate
at 5.1%, significantly differing from the others.
The predominant specimen type associated with
antimicrobial-resistant isolates was respiratory
secretions, primarily from the NICU, indicating
that respiratory tract infections are a major issue
in hospital-related infections within the pediatric
department. Intensive care unit (ICU) admissions
were identified as a precipitating factor for developing
drug-resistant bacteria. Supporting studies have
identified significant risk factors for ESBL-producing
Enterobacteriaceae infections, including previous
ICU admissions, nosocomial infections, indwelling
urinary catheters, mechanical ventilation, prior
antimicrobial use, previous hospitalizations!'?,
diabetes mellitus, and travel to high-risk areas!'V.
The study conducted in the ICUs of India and Nepal
yielded findings indicating the high occurrence of
MDR Gram-negative pathogens. Specifically, the
prevalence rates were found to be 46.7% in Nepal and
68.8% in India to ventilator-associated pneumonia
patients>!),

Data analysis in the present study indicated that
A. baumannii exhibited the highest prevalence of
carbapenem-resistant (CRAB) strains among the five
Enterobacterales studied, with a concerning upward
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Figure 1. Total isolate and antibiotic-resistant profile of all isolates in 10 years.

trend. The observed %CRAB ranged from 45.5%
to 96.1%, closely aligning with the prevalence of
MDR strains (%MDR), which ranged from 47.7%
to 96.1%. Correlating studies, such as one by Hsu
et al., estimated that CRAB prevalence in Thailand
exceeds 60%'Y. Additionally, Abdeta et al. reported a
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significant increase in CRAB prevalence from 50% in
2017 to 76.2% in 202119, NARST data also indicated
a rising trend in CRAB, from 44.5% in 2015 to
74.3% in 2021®. In comparison, national prevalence
data from the United States in 2017 reported rates
of MDR and carbapenem-non-susceptible (Carb-
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NS) Acinetobacter spp. at 42.4% and 34.5%,
respectively'®. Furthermore, Germany’s national
AMR surveillance system showed a decreasing
trend in carbapenem-resistant A. baumannii complex
(CRABC) infections, with rates declining from 7.6%
in 2014 to 3.5% in 20187,

Importantly, the prevalence of carbapenem-
resistant P. aeruginosa (CRPA) surged in recent
years, consistent with other studies'®2?. For instance,
CRPA contributed the largest proportion among four
carbapenem-resistant GNB in the United States, with
P aeruginosa at 60.3%, A. baumannii at 22%, and
E. coli or K. pneumoniae at 17.7%*”. While NARST
data showed a stable rate of CRPA from 17.8% in
2015 to 22.1% in 2021®, this study found that the
prevalence of ESBL-producing strains of E. coli at
40.7% to 63.8%, K. pneumoniae at 47.1% to 84.8%,
and E. cloacae at 41.7% to 82.1% were higher than
reported in other studies, including NARST data from
2000 to 2021 with E. coli ESBL13.4% to 46.7%, and
K. pneumoniae ESBL 24.4% to 49.9%®. A five-year
review between 2016 and 2020, at a tertiary hospital
in Northern Thailand indicated that E. coli ESBL
prevalence was 42.5%, and K. pneumoniae ESBL
was 30.2%, primarily found in urine and sputum®".
However, CRE rates in this study for E. coli were
0% to 4.3%, for K. pneumoniae were 0% to 16.1%,
and for E. cloacae were 0% to 12.5%. Those were
lower than reported by Xu et al. for Asia with an
overall CRE of 37.5% and with Klebsiella spp.
of 39.3%, E. coli of 22%, and Enterobacter spp.
of 13%@? and the United Arab Emirates report
indicating imipenem-resistance rates of 29.8% in
Klebsiella spp. and 35.7% in E. coli®®. Compared
with NARST data, CRE rates showed a higher trend
over time, with K. pneumoniae rising from 0.8% in
2000 to 17.9% in 2021, and E. coli increasing from
0.6% in 2000 to 5% in 2021®. Notably, the increase
of carbapenem-resistant E. cloacae rose from 0% to
6.3% in 2013 to 2021 to 12.5% in 2022, reflecting
the emergence of carbapenem-resistant E. cloacae
complex (CREC) globally due to intrinsic and
acquired AMR mechanisms®@®.

The result of the present study indicated that
amikacin had the highest activity against all five
microorganisms over time, with a prevalence of
40.7% to 84.8% among ESBL-producing strains.
These findings align with data from Kandeel, which
showed that amikacin had an 85.4% susceptibility rate
against ESBL-producing Enterobacteriaceae, with a
22% prevalence among total isolates!'?.

Regarding meropenem, this agent maintained
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good activity against E. coli at a 95.7% to 100%
susceptibility rate, followed by E. cloacae at 87.5%
to 100% susceptibility rate, and K. pneumoniae
at 85.1% to 100% susceptibility rate. However, it
exhibited poor performance for A. baumannii over
the entire decade at 3.1% to 50% susceptibility rate
and for P. aeruginosa since 2018 with a 17.8% to
41.5% susceptibility rate, correlating with the rising
%CR of isolates.

Considering 4. baumannii, which commonly
exhibits intrinsic resistance, the present study
found it to be non-susceptible to all antimicrobial
agents, with %CR ranging from 45.5% to 96.1%
and %MDR/XDR from 47.7% to 96.1%, consistent
with findings in Hungary, which is 67.7% MDR
strain of 4. baumannii, with 55.2% susceptible to
meropenem®. Furthermore, amikacin demonstrated
good performance against P. aeruginosa with a
96.7% susceptibility rate, while its susceptibility to
meropenem was 85.6%.

Interestingly, anti-pseudomonal beta-lactam
agents such as piperacillin-tazobactam and
ceftazidime, and aminoglycosides such as gentamicin
and amikacin, remained effective with a 69.4%
to 98% susceptibility rate against P. aeruginosa,
surpassing meropenem with a 17.8% to 88.1%
susceptibility rate over the decade, excluding
piperacillin-tazobactam in 2015. This indicates the
presence of carbapenem-resistant but cephalosporin-
susceptible (Car-R/Ceph-S) P. aeruginosa strains,
consistent with findings from other studies®2.

Ceftriaxone and ceftazidime exhibited low
activity against all three Enterobacteriaceae in the
present study with the % susceptibility ranging
from 13.6% to 59.3%, except for ceftazidime for
E. coli in 2020, which had an 81.5% susceptibility
rate. This reflects the impact of ESBL-producing
or plasmid-mediated AmpC enzymes, as well
as carbapenemases''”. Additionally, gentamicin
performance was nearly identical to that of third-
generation cephalosporins against E. coli, K.
pneumoniae, and E. cloacae, suggesting caution in
empirical treatment for severely infected inpatients.

In comparison to the NARST data encompassing
acomprehensive 12-year review, which was between
2010 and 2021, involving 44 to 92 hospitals, an
analysis of the susceptibility patterns of ceftriaxone,
ceftazidime, gentamicin, amikacin, piperacillin-
tazobactam, and meropenem indicated the persistent
trend in the susceptibility rates of these antimicrobial
agents against all five microorganisms: A. baumannii,
P aeruginosa, E. coli, K. pneumoniae, and E.
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cloacae, extending throughout the entire decade. In
detail, there was no effective agent for A. baumannii
with amikacin showing the highest activity with a
susceptibility rate of 40.1% to 49.4%, while all agents
had susceptibility rate over 70% for P. aeruginosa
and amikacin had the best activity at 76.6% to 91.7%
susceptibility rate followed by meropenem at 72.9%
to 80.6% susceptibility rate, respectively. Among
Enterobacteriaceae, amikacin and meropenem were
the most effective with nearly 100% of susceptibility
for E. coliand E. cloacae over time, while meropenem
exhibited decreased activity with susceptibility
below 90% for K. pneumoniae since 2017 and was
at 88.9% in 2017 to 82% in 2021 susceptibility
rate. Piperacillin-tazobactam may be regarded as
a viable treatment option for E. coli infections, as
it exhibited a favorable susceptibility rate ranging
from 86.3% to 89.7%. However, its activity was fair
and unreliable against E. cloacae at 72.7% to 83.4%
susceptibility rate and K. pneumoniae at 65.7% to
71.7% susceptibility rate, respectively®.

Conclusion

In conclusion, AMR is a critical issue at
Pranangklao Hospital, particularly concerning
A. baumannii and P. aeruginosa, which show a high
proportion of resistance to meropenem. Respiratory
tract isolates are the main sources of these resistant
organisms. NICU is the key area for implementing
control strategies aimed at decelerating the spread
and development of AMR.

What is already known about this topic?

AMR is a significant problem worldwide
that is difficult to manage. Global incidence has
increased. The main cause is the inappropriate use
of antimicrobial agents. Multiple strategies can
be applied for controlling including antimicrobial
stewardship program.

What does this study add?

A ten-year review of data from a provincial
hospital in central Thailand, focusing on the isolation
of Enterobacterales and their susceptibility to key
antimicrobial agents, aims to enhance insights of
AMR situation and guide future strategies and control
measures.

Acknowledgement

The author is grateful to the Clinical Laboratory
Department of Pranangklao Hospital, especially
Chawannat Phakphraisri for supporting this study.

239

Conflicts of interest

The author declares no conflict of interest.

References

1.

10.

11.

12.

Phumart P, Phodha T, Thamlikitkul V, Riewpaiboon
A, Prakongsai P, Limwattananon S. Health and
economic impacts of antimicrobial resistant infections
in Thailand. J Health Syst Res 2012;6:352-60.
National Antimicrobial Resistant Surveillance in
Thailand (NARST). Antibiogram [Internet]. 2023
[cited 2023 Jul 10]. Available from: http://narst.dmsc.
moph.go.th.

Lockhart SR, Abramson MA, Beekmann SE, Gallagher
G, Riedel S, Diekema DJ, et al. Antimicrobial
resistance among Gram-negative bacilli causing
infections in intensive care unit patients in the United
States between 1993 and 2004. J Clin Microbiol
2007;45:3352-9.

Magiorakos AP, Srinivasan A, Carey RB, Carmeli
Y, Falagas ME, Giske CG, et al. Multidrug-resistant,
extensively drug-resistant and pandrug-resistant
bacteria: an international expert proposal for interim
standard definitions for acquired resistance. Clin
Microbiol Infect 2012;18:268-81.

Benkd R, Gajdacs M, Matuz M, Bodd G, Lazar A,
Hajdu E, et al. Prevalence and antibiotic resistance
of ESKAPE pathogens isolated in the emergency
department of a tertiary care teaching hospital in
Hungary: A 5-year retrospective survey. Antibiotics
(Basel) 2020;9:624. doi: 10.3390/antibiotics9090624.
Carter MW, Oakton KJ, Warner M, Livermore DM.
Detection of extended-spectrum beta-lactamases in
klebsiellae with the Oxoid combination disk method.
J Clin Microbiol 2000;38:4228-32.

Ventola CL. The antibiotic resistance crisis: part 1:
causes and threats. P T 2015;40:277-83.

Ward MM, Diekema DJ, Yankey JW, Vaughn TE,
BootsMiller BJ, Pendergast JF, et al. Implementation
of strategies to prevent and control the emergence
and spread of antimicrobial-resistant microorganisms
in U.S. hospitals. Infect Control Hosp Epidemiol
2005;26:21-30.

Costelloe C, Metcalfe C, Lovering A, Mant D, Hay
AD. Effect of antibiotic prescribing in primary
care on antimicrobial resistance in individual
patients: systematic review and meta-analysis. BMJ
2010;340:¢2096. doi: 10.1136/bmj.c2096.

Kandeel AY. Prevalence and risk factors of extended-
spectrum B-lactamases producing Enterobacteriaceae
in a general hospital in Saudi Arabia. Journal of
Microbiology and Infectious Diseases 2014;4:50-4.
Delgado-Valverde M, Sojo-Dorado J, Pascual A,
Rodriguez-Bafio J. Clinical management of infections
caused by multidrug-resistant Enterobacteriaceae.
Ther Adv Infect Dis 2013;1:49-69.

Gupta R, Malik A, Rizvi M, Ahmed M, Singh A.
Epidemiology of multidrug-resistant Gram-negative

] Med Assoc Thai | Volume 108 No.3 | MARCH 2025



13.

14.

15.

16.

17.

18.

pathogens isolated from ventilator-associated
pneumonia in ICU patients. J Glob Antimicrob Resist
2017;9:47-50.

Siwakoti S, Subedi A, Sharma A, Baral R, Bhattarai
NR, Khanal B. Incidence and outcomes of multidrug-
resistant gram-negative bacteria infections in intensive
care unit from Nepal- a prospective cohort study.
Antimicrob Resist Infect Control 2018;7:114. doi:
10.1186/s13756-018-0404-3.

Hsu LY, Apisarnthanarak A, Khan E, Suwantarat
N, Ghafur A, Tambyah PA. Carbapenem-Resistant
Acinetobacter baumannii and Enterobacteriaceae
in South and Southeast Asia. Clin Microbiol Rev
2017;30:1-22.

Abdeta A, Negeri AA, Beyene D, Adamu E,
Fekede E, Fentaw S, et al. Prevalence and trends
of carbapenem-resistant Pseudomonas aeruginosa
and Acinetobacter Species Isolated from clinical
specimens at the Ethiopian Public Health Institute,
Addis Ababa, Ethiopia: A retrospective analysis. Infect
Drug Resist 2023;16:1381-90.

Gupta V, Ye G, Olesky M, Lawrence K, Murray J,
Yu K. National prevalence estimates for resistant
Enterobacteriaceae and Acinetobacter species in
hospitalized patients in the United States. Int J Infect
Dis 2019;85:203-11.

Said D, Willrich N, Ayobami O, Noll I, Eckmanns
T, Markwart R. The epidemiology of carbapenem
resistance in Acinetobacter baumannii complex in
Germany (2014-2018): an analysis of data from
the national Antimicrobial Resistance Surveillance
system. Antimicrob Resist Infect Control 2021;10:45.
doi: 10.1186/s13756-021-00909-8.

Thaden JT, Park LP, Maskarinec SA, Ruffin F, Fowler
VG Jr, van Duin D. Results from a 13-year prospective
cohort study show increased mortality associated
with bloodstream infections caused by Pseudomonas
aeruginosa compared to other bacteria. Antimicrob
Agents Chemother 2017;61:¢02671-16.

] Med Assoc Thai | Volume 108 No.3 | MARCH 2025

19.

20.

21.

22.

23.

24.

25.

Sader HS, Castanheira M, Arends SJR, Goossens
H, Flamm RK. Geographical and temporal variation
in the frequency and antimicrobial susceptibility
of bacteria isolated from patients hospitalized with
bacterial pneumonia: results from 20 years of the
SENTRY Antimicrobial Surveillance Program (1997-
2016). J Antimicrob Chemother 2019;74:1595-606.
Cai B, Echols R, Magee G, Arjona Ferreira JC, Morgan
G, Ariyasu M, et al. Prevalence of carbapenem-
resistant gram-negative infections in the United
States predominated by Acinetobacter baumannii and
Pseudomonas aeruginosa. Open Forum Infect Dis
2017;4:0fx176. doi: 10.1093/ofid/ofx176.

Siriphap A, Kitti T, Khuekankaew A, Boonlao C,
Thephinlap C, Thepmalee C, et al. High prevalence
of extended-spectrum beta-lactamase-producing
Escherichia coli and Klebsiella pneumoniae isolates:
A S-year retrospective study at a Tertiary Hospital
in Northern Thailand. Front Cell Infect Microbiol
2022;12:9557. doi: 10.3389/fcimb.2022.955774 74.
Xu Y, Gu B, Huang M, Liu H, Xu T, Xia W,
et al. Epidemiology of carbapenem resistant
Enterobacteriaceae (CRE) during 2000-2012 in Asia.
J Thorac Dis 2015;7:376-85.

Al-Dhaheri AS, Al-Niyadi MS, Al-Dhaheri AD,
Bastaki SM. Resistance patterns of bacterial isolates
to antimicrobials from 3 hospitals in the United Arab
Emirates. Saudi Med J 2009;30:618-23.
Annavajhala MK, Gomez-Simmonds A, Uhlemann
AC. Multidrug-resistant Enterobacter cloacae
complex emerging as a global, diversifying
threat. Front Microbiol 2019;10:44. doi: 10.3389/
fmicb.2019.00044.

Gajdacs M. Carbapenem-resistant but cephalosporin-
susceptible Pseudomonas aeruginosa in urinary
tract infections: Opportunity for colistin sparing.
Antibiotics (Basel) 2020;9:153. doi: 10.3390/
antibiotics9040153.

240



