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Abstract

Context: Hospital-acquired pneumonia is a major healthcare-associated infection, and patients with type 2 diabetes mellitus may be at increased risk of severe
infection and antimicrobial-resistant pathogens. Local microbiological data are needed to support empirical therapy and antimicrobial stewardship.

Aims: To evaluate the distribution of bacterialisolates and their antimicrobial resistance patterns among culture-positive HAP cases with available antimicrobial
susceptibility results in hospitalized patients with T2DM at Cho Ray Hospital during 2022-2023.

Methods: A retrospective observational study was conducted using medical records and microbiology results from 222 hospitalized adults with type 2 diabetes
mellitus and hospital-acquired pneumonia. Bacterial isolates and antimicrobial susceptibility results were extracted from the hospital microbiology database.
Susceptibility results were interpreted according to Clinical and Laboratory Standards Institute criteria. Descriptive statistics were used to summarize patient
characteristics, bacterial distribution, and resistance patterns.

Results: Gram-negative bacteria accounted for 77.4% [95% Cl: 72.3-81.8%] of total isolates (N = 296), with Acinetobacter baumannii being the most prevalent at
30.1% [95% ClI: 25.0-35.6%)], followed by Pseudomonas aeruginosa and Klebsiella pneumoniae. Among Gram-positive bacteria, Staphylococcus aureus was
predominant at 17.6% [95% Cl: 13.6-22.4%]. High resistance rates were observed among major Gram-negative pathogens, particularly against beta-lactams,
fluoroquinolones, and carbapenems.

Conclusions: Resistant Gram-negative pathogens were frequently identified among culture-positive HAP cases in patients with type 2 diabetes mellitus. Local
surveillance and antimicrobial stewardship are needed.

Keywords: Acinetobacter baumannii; antibacterial agents; diabetes mellitus, type 2; drug resistance, bacterial; observational studies; pneumonia.

Resumen

Contexto: La neumonia intrahospitalaria es una de las principales infecciones asociadas a la atencién de la salud, y los pacientes con diabetes mellitus tipo 2
pueden tener un mayor riesgo de padecer infecciones graves y de contraer patdgenos resistentes a los antimicrobianos. Se necesitan datos microbioldgicos
locales para respaldar la terapia empirica y los programas de optimizacién del uso de antimicrobianos.

Objetivos: Evaluar la distribucién de los aislados bacterianos y sus patrones de resistencia antimicrobiana entre los casos de neumonia intrahospitalaria con
cultivo positivo y resultados de susceptibilidad antimicrobiana disponibles en pacientes hospitalizados con diabetes mellitus tipo 2 en el Hospital Cho Ray
durante 2022-2023.

Métodos: Se realizd un estudio observacional retrospectivo que utilizd historias clinicas y resultados microbioldgicos de 222 adultos hospitalizados con diabetes
mellitus tipo 2 y neumonia intrahospitalaria. Los aislamientos bacterianos y los resultados de la sensibilidad antimicrobiana se extrajeron de la base de datos
de microbiologia del hospital. Los resultados de sensibilidad se interpretaron de acuerdo con los criterios del Instituto de Estandares Clinicos y de Laboratorio.
Se utilizaron estadisticas descriptivas para resumir las caracteristicas de los pacientes, la distribucidn bacteriana y los patrones de resistencia.

Resultados: Las bacterias gramnegativas representaron el 77,4% [IC 95%: 72,3-81,8%)] del total de aislados (N = 296), siendo Acinetobacter baumannii la mas
prevalente con un 30,1% [IC 95%: 25,0-35,6%], seguida de Pseudomonas aeruginosay Klebsiella pneumoniae. Entre las bacterias Gram-positivas, Staphylococcus
aureus predomind con un 17,6% [IC 95%: 13,6-22,4%]. Se observaron altas tasas de resistencia entre los principales patégenos gramnegativos, especialmente
frente a los beta-lactamicos, las fluoroquinolonas y los carbapenémicos.

Conclusiones: Se identificaron con frecuencia patégenos gramnegativos resistentes en casos de neumonia intrahospitalaria con cultivo positivo en pacientes
con diabetes mellitus tipo 2. Se requieren vigilancia local y gestidn de antimicrobianos.

Palabras Clave: Acinetobacter baumannii; agentes antibacterianos; diabetes mellitus tipo 2; estudios observacionales; neumonia; resistencia bacteriana a los
farmacos.
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Abbreviations: AST: antimicrobial susceptibility testing; CLSI: Clinical and Laboratory Standards Institute; CRP: C-reac-
tive protein; HAP: hospital-acquired pneumonia; ICU: intensive care unit; T2DM: type 2 diabetes mellitus; VAP: ventila-

tor-associated pneumonia.

INTRODUCTION

Hospital-acquired pneumonia (HAP) is one of the
most common nosocomial infections, typically occur-
ring in inpatients after 48 hours of hospitalization
(Tran et al., 2010; University of Medicine and Phar-
macy at HCMC, 2012). HAP is associated with pro-
longed hospital stay, increased ICU use, and higher
healthcare costs. HAP is a common and severe prob-
lem in Asia, where surveillance studies report simi-
larly high burdens. For example, a recent multicenter
cohort study in Korea found HAP/ventilator-
associated pneumonia (VAP) in adult hospitalized pa-
tients was 2.54 per 1,000 admissions (Ko et al., 2021),
and an earlier ICU survey in Vietnam showed that
pneumonia accounted for approximately 80% of all
hospital-acquired infections (Phu et al., 2016).

Patients with type 2 diabetes mellitus (T2DM) are at
higher risk of developing HAP due to immune dys-
function and prolonged hyperglycemia, which in-
crease susceptibility to infections and severe complica-
tions, including death (Berbudi et al., 2020; Hine et al.,
2017; Kornum et al., 2007). Patients with diabetes have
poorer outcomes after pneumonia: pneumonia epi-
sodes are often more severe and complicated, and the
similarities between these studies and our findings re-
quire longer treatment and lead to higher mortality
than in non-diabetics (Guo et al., 2021; Vishwakarma
et al., 2021). For example, one large Spanish hospital
study found that surgical patients with diabetes had
roughly a twofold higher risk of postoperative pneu-
monia than non-diabetics (Lépez-de-Andrés et al.,
2019). An editorial review also notes that diabetes pre-
disposes patients to various hospital-acquired infec-
tions and emphasizes rigorous glucose control and in-
fection prevention in hospitalized patients with diabe-
tes (Yu et al., 2024). These findings highlight T2DM as
an important risk factor for HAP and its adverse out-
comes.

HAP treatment relies on empirical broad-spectrum
antibiotics, but rising antimicrobial resistance makes
this increasingly problematic, especially in patients
with T2DM (Carrillo-Larco et al., 2022). Several studies
highlight that many HAP pathogens are now resistant
to multiple drug classes, limiting the effectiveness of
standard regimens. For instance, the Saudi review
found high resistance rates of HAP isolates to cephalo-
sporins and carbapenems (Alshammari et al., 2023).
Additionally, a multicenter survey in Vietnam simi-
larly observed a high prevalence of MDR Gram-nega-
tive pneumonia pathogens alongside very high antibi-
otic use (Phu et al., 2016). These reports underscore
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that inappropriate or excessive antibiotic use can drive
resistance, which in turn jeopardizes therapy in vul-
nerable patients (such as patients with diabetes).

In Vietnam, previous studies have primarily fo-
cused on antimicrobial use in patients with T2DM and
hospital-acquired pneumonia or have described the
microbiological characteristics of HAP in heterogene-
ous patient populations (Phan & Vo, 2020; Tra et al.,
2023). Although these studies provide important in-
sights, data on bacterial etiology and antimicrobial re-
sistance specifically among patients with T2DM re-
main limited. Moreover, most available evidence
comes from provincial or single-specialty hospitals
and may not be generalizable to tertiary referral cen-
ters.

Cho Ray Hospital is one of the largest tertiary hos-
pitals in southern Vietnam, receiving a high volume of
patients with severe infections, multiple comorbidities,
and referrals from across the country. Consequently,
the distribution of causative pathogens and their anti-
microbial resistance patterns may differ substantially
from those reported in previous Vietnamese studies.
To date, no study has specifically characterized the
bacterial isolates and antimicrobial resistance profiles
of hospital-acquired pneumonia among patients with
T2DM at Cho Ray Hospital.

Therefore, this study aimed to describe bacterial
isolates and antimicrobial resistance patterns among
culture-positive =~ HAP  cases with available
antimicrobial susceptibility results in hospitalized
patients with T2DM admitted to the Endocrinology
Department of Cho Ray Hospital during 2022-2023.

MATERIAL AND METHODS

Study design and study population

A retrospective observational study was conducted
at Cho Ray Hospital, Ho Chi Minh City, Vietnam.
Medical records and microbiology laboratory data
were reviewed for adults aged 18 years or older with
T2DM and culture-positive HAP between June 2022
and December 2023. HAP was defined as pneumonia
occurring at least 48 hours after hospital admission and
not incubating at admission, with new or progressive
pulmonary infiltrates on chest imaging and compatible
clinical signs, including fever, purulent sputum, or leu-
kocytosis. Patients with VAP, defined as pneumonia
developing more than 48 hours after endotracheal in-
tubation, were excluded. Only patients with positive
bacterial cultures and available antimicrobial suscepti-
bility results were included; therefore, the findings
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should be interpreted as culture-positive surveillance
data rather than as estimates for all HAP cases. The to-
tal number of patients screened could not be recon-
structed because hospital electronic records were una-
vailable for intermediate screening steps. Patients were
excluded if they had VAP, incomplete medical records,
unavailable antimicrobial susceptibility results, death,
transfer, or absconding before completion of treatment
or before culture results were available.

Microbiological and antimicrobial susceptibility
testing methods

Data were retrospectively retrieved from the hospi-
tal's microbiology laboratory database by identifying
records of patients diagnosed with T2DM and HAP
who had positive bacterial culture results and availa-
ble antibiograms during the study period.

Respiratory specimens, primarily sputum and en-
dotracheal aspirates, were collected from the patients.
Endotracheal aspirates were included only when spec-
imens were obtained from patients who did not meet
the VAP definition; cases in which pneumonia devel-
oped more than 48 hours after endotracheal intubation
were excluded. Specimen quality was assessed accord-
ing to standard criteria (e.g., >25 polymorphonuclear
leukocytes and <10 squamous epithelial cells per low-
power field for sputum samples). Culture plates were
incubated at 35-37°C. Blood agar and chocolate agar
plates were incubated in an atmosphere supplemented
with 5% CO; and examined every 18-24 hours.

Bacterial identification was performed using the
VITEK® 2 COMPACT system or VITEK® MS (matrix-
assisted laser desorption/ionization time-of-flight
mass spectrometry [MALDI-TOF MS]) in accordance
with the hospital laboratory's standard operating pro-
cedures.

Antimicrobial susceptibility testing (AST) was pri-
marily conducted using the VITEK® 2 COMPACT sys-
tem. Colistin susceptibility was determined using the
reference broth microdilution method with Sensiti-
tre™ FRCOL plates (Thermo Fisher Scientific™, USA)
according to the manufacturer's instructions. Mini-
mum inhibitory concentrations (MICs) and inhibition
zone diameters, where applicable, were interpreted ac-
cording to the Clinical and Laboratory Standards Insti-
tute (CLSI) M100, 33rd Edition (2023) guidelines. Qual-
ity control for antimicrobial susceptibility testing was
performed using standard strains, including Esche-
richia coli ATCC 25922, Pseudomonas aeruginosa ATCC
27853, and Staphylococcus aureus ATCC 29213.
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Statistical analysis

The study data were processed and analyzed via
Microsoft Excel 2021 and IBM SPSS Statistics version
26.0. Descriptive statistics, including frequencies and
percentages, were calculated to summarize participant
characteristics and antibiogram results. 95% confi-
dence intervals (Cls) were calculated for the principal
prevalence estimates.

Ethical approval

The study was conducted after obtaining approval
from the Scientific and Ethical Committee for Biomed-
ical Research at Cho Ray Hospital and receiving con-
sent from the implementing institution (No.
1750/ GCN-HDbDD).

RESULTS

Patient characteristics

The male-to-female ratio was 1:1.13, and the mean
age of patients was 63.96 = 11.46 years, with the 60-85
age group accounting for the majority (65.32%). Re-
garding comorbidities, cardiovascular diseases were
the most common (90.09%), followed by musculoskel-
etal disorders (81.08%) and renal impairment (77.93%).
A significant proportion of patients had blood glucose
levels 2200 mg/dL and HbAlc >8%, with correspond-
ing rates of 57.66% and 78.4%, respectively. Addition-
ally, mean values for key biochemical markers in the
study population were as follows: white blood cell
count14.4 +8.7 (G/L), procalcitonin 19.5 £ 57.1 ng/mL,
and C-reactive protein (CRP) 123.2 + 102.6 mg/L (Ta-
ble 1).

Distribution of bacterial isolates among patients
with T2DM and HAP

Among Gram-negative bacteria, Acinetobacter bau-
mannii was the most prevalent at 30.1% [95% CI: 25.0 -
35.6%], followed by Pseudomonas aeruginosa at 13.2%
[95% CI: 9.3 - 17.0%], Klebsiella pneumoniae at 11.8%
[95% CI: 8.1 - 15.5%], and Escherichia coli at 9.1% [95%
CI: 5.8-12.4%]. Among Gram-positive bacteria, Staphy-
lococcus aureus was the most frequently isolated species
at17.6% [95% CI: 13.6-22.4%] (Table 2).

Antimicrobial resistance patterns of bacterial
isolates

Antimicrobial resistance rates among the main
Gram-negative isolates are shown in Table 3. For A.
baumannii, resistance rates were high across most ma-
jor antimicrobial classes. Specifically, high rates of re-
sistance were observed to carbapenems, with
imipenem resistance reported in 91/93 isolates (97.8%)
and meropenem resistance in 92/94 isolates (97.9%).
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Table 1. General characteristics of the study sample (n =222).

Variable groups Frequency/ Percentage (%)/
Mean (Min-Max) SD

Gender

Male 104 46.8%

Female 118 53.2%
Age 63.96 (31-96) 11.46
Age group

18-44 15 6.7%

45-59 54 24.3%

60-85 145 65.3%

>85 8 3.6%
Comorbidities

Cardiovascular diseases 200 90.1%

Renal impairment 173 77.9%

Musculoskeletal disorders 180 81.1%

Malnutrition 36 16.2%

Others 62 27.9%
Blood glucose

2200 128 57.7%

<200 94 42.3%
HbAlc

<7% 28 12.6%

7-8% 20 9.0%

>8% 174 78.4%
Biochemical tests

White blood cells (T/L) 14.4 (1.3-92.6) 8.7

Procalcitonin 19.5(0.1-441.3) 57.1

CRP(mg/L) 123.2 (1.3-418.7) 102.6

Notes: SD: Standard deviation; CRP: C-reactive protein.

High resistance rates were also observed for cepha-
losporins, including cefepime (88/90, 97.8%) and
ceftazidime (92/94, 97.9%). Similarly, resistance to
fluoroquinolones was common, with resistance rates of
94/95 (98.9%) for ciprofloxacin and 96/98 (98.0%) for
levofloxacin. Among the antimicrobial agents tested,
no colistin-resistant isolates were identified (0/90,
0.0%).

For K. pneumoniae, high rates of resistance were ob-
served to both beta-lactams and carbapenems. Re-
sistance to imipenem and meropenem was identified
in 31/40 (77.5%) and 29/40 (72.5%) isolates, respec-
tively. Third-generation cephalosporins also showed
high rates of resistance, including cefotaxime (29/35,
82.9%) and ceftriaxone (28/35, 80.0%). In contrast,
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resistance to tigecycline was uncommon, with only
1/36 isolates (2.8%) classified as resistant.

For P. aeruginosa, high rates of resistance were ob-
served across multiple antimicrobial classes. Re-
sistance to both imipenem and meropenem was iden-
tified in 28/43 isolates (65.1%). High rates of resistance
were also observed for cephalosporins, with resistance
to ceftazidime and cefepime reported in 35/47 isolates
(74.5%) and 27/42 isolates (64.3%), respectively. In
contrast, resistance to colistin was uncommon, with
only 1/42 isolates (2.4%) classified as resistant.

In E. coli, high rates of resistance were observed to
penicillins and cephalosporins. Resistance was identi-
fied in all isolates tested against ampicillin (27/27,
100%), while resistance to cefotaxime was observed in
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24/27 isolates (88.9%). In contrast, carbapenem re-
sistance rates were lower, with imipenem and mero-
penem resistance reported in 9/33 isolates (27.3%) and
10/34 isolates (29.4%), respectively. No resistance was
detected to tigecycline (0/29, 0.0%).

Table 4 presents the antimicrobial resistance pat-
terns of the Gram-positive isolate S. aureus. A high pro-
portion of methicillin-resistant S. aureus (MRSA) was
observed, with oxacillin resistance identified in 40/50
isolates (80.0%). In addition, S. aureus demonstrated

Table 2. Distribution of bacterial isolates.

HAP resistance in type 2 diabetes

complete resistance to benzylpenicillin (49/49, 100%).
High rates of resistance were also observed for the
macrolide and lincosamide classes, with resistance to
erythromycin and clindamycin reported in 43/49 iso-
lates (87.8%) and 42/50 isolates (84.0%), respectively.
No resistance was detected to vancomycin (0/50,
0.0%), teicoplanin (0/51, 0.0%), linezolid (0/51, 0.0%),
or rifampicin (0/50, 0.0%). Resistance to tigecycline
and fusidic acid was uncommon, occurring in 2/55 iso-
lates (3.6%) and 1/50 isolates (2.0%), respectively.

Bacteria Bacteria
n (%) n (%)
Gram-positive bacteria Gram-negative bacteria
Staphylococcus aureus 52 (17.6) Acinetobacter baumannii 89 (30.1)
Enterococcus faecium 7(2.4) Pseudomonas aeruginosa 39(13.2)
Enterococcus faecalis 2(0.7) Klebsiella pneumoniae 35(11.8)
Staphylococcus haemolyticus 2(0.7) Escherichia coli 27(9.1)
Streptococcus pyogenes 2(0.7) Burkholderia pseudomallei 13 (4.4)
Streptococcus agalactiae 1(0.3) Proteus mirabilis 5(1.7)
Streptococcus dysgalactiae equisimilis 1(0.3) Enterobacter cloacae complex 4(1.4)
Stenotrophomonas maltophilia 4(1.4)
Burkholderia cepacia 3(1.0)
Achromobacter denitrificans 2(0.7)
Achromobacter xylosoxidans 1(0.3)
Chryseobacterium indologenes 1(0.3)
Elizabethkingia meningoseptica 1(0.3)
Enterobacter cloacae 1(0.3)
Ochrobactrum anthropi 1(0.3)
Serratia marcescens 1(0.3)
Sphingomonas paucimobilis 1(0.3)
Vibrio vulnificus 1(0.3)
Total 296 (100)

Note: Percentages are calculated based on the total number of isolates (n = 296)

DISCUSSION

This study described bacterial isolates and antimi-
crobial resistance patterns among 222 culture-positive
HAP cases in hospitalized patients with T2DM at Cho
Ray Hospital during the period 2022-2023. The demo-
graphic characteristics of the study population showed
a male-to-female ratio of 1:1.13 and a mean age of 63.96
* 11.46 years, with the 60-85-year age group account-
ing for the majority (65.32%). The higher prevalence of
HAP in older adults with T2DM may be attributed to
multiple factors, including comorbidities that weaken
immune function, poor nutritional status, and swal-
lowing disorders frequently observed in the elderly.
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Cardiovascular disease was the most common comor-
bidity (90.09%), underscoring the close association be-
tween T2DM and cardiovascular complications, which
are often driven by chronic inflammation and insulin
resistance. Glycemic control was suboptimal in most
patients, with only 42.3% with blood glucose <200
mg/dL and 12.6% with HbAlc <7%, indicating wide-
spread difficulty maintaining adequate glycemic regu-
lation.

Regarding microbiological findings, Gram-nega-
tive bacteria predominated, with A. baumannii being
the most frequently isolated pathogen, followed by P.
aeruginosa and K. pneumoniae. The predominance of
Gram-negative bacteria reflects their established role
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in nosocomial infections, especially due to their high
resistance profiles and association with increased mor-
tality. A. baumannii is particularly notable for its ability
to survive in harsh conditions and resist multiple anti-
biotics, making it a formidable pathogen, especially in
immunocompromised patients such as those with
T2DM. Among Gram-positive bacteria, S. aureus was
the most common isolate, highlighting its continued
relevance as a major hospital pathogen, particularly in
the context of antibiotic resistance.

The findings are consistent with previous studies
conducted in Vietnam. Tra et al. (2023), in a study of
patients with T2DM who developed hospital-acquired
pneumonia (HAP), also reported a predominance of

HAP resistance in type 2 diabetes

Gram-negative bacteria. The most frequently isolated
pathogens were A. baumannii (36.8%), K. pneumoniae
(36.8%), and P. aeruginosa (13.2%). Gram-positive bac-
teria were uncommon, with S. aureus accounting for
only 2.7% of isolates. Similarly, Lam et al. (2024), in a
study investigating the epidemiology of HAP at Thong
Nhat Hospital, where more than 95.67% of the study
population had T2DM, found that Gram-negative bac-
teria accounted for 71.25% of all isolates. The most
common pathogens were K. pneumoniae (22.82%), E.
coli (16.78%), P. aeruginosa (11.41%), and A. baumannii
(9.4%). Gram-positive bacteria represented 18.79% of
isolates, with the Staphylococcus genus being the most
prevalent (16.78%).

Table 3. Antibiotic resistance patterns of Gram-negative isolates [n/N (%)].

Antibiotic class Antibiotic A. baumannii  P. aeruginosa K. pneumoniae  E. coli
Aminoglycosides Amikacin 5/6 (83.3%) 24/42 (57.1%) 21/36 (58.3%) 6/27 (22.2%)
Gentamicin 77/94 (81.9%) 38/62 (61.3%) 16/40 (40.0%) 11/32 (34.4%)
Tobramycin 68/84 (81.0%) 26/41 (63.4%) 4/4 (100%) 2/5 (40.0%)
Carbapenems Imipenem 91/93 (97.8%) 28/43 (65.1%) 31/40 (77.5%) 9/33 (27.3%)
Meropenem 92/94 (97.9%) 28/43 (65.1%) 29/40 (72.5%) 10/34 (29.4%)
Ertapenem 3/4 (75.0%) - 25/35 (71.4%) 8/27 (29.6%)
Cephalosporins Cefepime 88/90 (97.8%) 27/42 (64.3%) 4/5 (80.0%) 4/5 (80.0%)
Ceftazidime 92/94 (97.9%) 35/47 (74.5%) 34/42 (81.0%) 23/31 (74.2%)
Cefotaxime 1/1 (100%) - 29/35 (82.9%) 24/27 (88.9%)
Ceftriaxone 5/5 (100%) - 28/35 (80.0%) 3/27 (11.1%)
Cefuroxime 8/8 (100%) - 59/69 (85.5%) 46/53 (86.8%)
Cefpodoxime - 18/22 (81.8%) 12/13 (92.3%)
Cefoxitin - 0/1 (0.0%) 2/2 (100%)
ﬁehr;:;itlg:: . Ampicillin 1/1 (100%) - - 27/27 (100%)
Piperacillin/tazobactam 94/98 (95.9%) 29/43 (67.4%) 34/44 (77.3%) 15/32 (46.9%)
Ticarcillin/clavulanate 89/91 (97.8%) 31/41(75.6%) 6/6 (100%) 5/5 (100%)
Cefoperazone/sulbactam 3/4 (75.0%) 3/3(100%) 15/21 (71.4%) 8/20 (40.0%)
Fluoroquinolones Ciprofloxacin 94/95 (98.9%) 48/95 (50.5%) 36/44 (81.8%) 26/35 (74.3%)
Levofloxacin 96/98 (98.0%)  33/43 (76.7%)  29/34 (85.3%) 18/26 (69.2%)
Moxifloxacin - 18/24 (75.0%) 10/15 (66.7%)
Polymyxins Colistin 0/90 (0.0%) 1/42 (2.4%) 0/8 (0.0%) 0/5 (0.0%)
Tetracyclines Tetracycline - 1/1 (100%) 0/2 (0.0%)
Doxycycline 42/59 (71.2%) - 3/3(100%) 1/2 (50.0%)
Tigecycline 0/5 (0.0%) - 1/36 (2.8%) 0/29 (0.0%)
Others Trimethoprim/sulfamethoxazole  60/94 (63.8%) - 28/42 (66.7%) 15/31 (48.4%)
Aztreonam 4/6 (66.7%) - -

*Notes: n: number of resistant isolates; N: total number of isolates tested for the specific antibiotic.

Hyphen (-) indicates intrinsic resistance, lack of clinical breakpoints, or combinations not recommended for testing by CLSI guidelines.

Resistance estimates based on fewer than 10 tested isolates were considered unstable and were not interpreted in the text.
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Table 4. Antibiotic resistance patterns of S. aureus [n/N (%)].

Antibiotic class Antibiotic S. aureus

Penicillins & Inhibitors Oxacillin (MRSA indicator) 40/50 (80.0%)
Benzylpenicillin 49/49 (100%)
Ampicillin 2/3 (66.7%)

Piperacillin/tazobactam

Cephalosporins Cefoxitin
Cefuroxime

Ceftriaxone

Carbapenems Imipenem
Meropenem
Glycopeptides & Vancomycin
lipopeptides
Teicoplanin
Daptomycin
Oxazolidinones Linezolid

Macrolides/lincosamides Erythromycin
Clindamycin
Fluoroquinolones Ciprofloxacin
Levofloxacin
Moxifloxacin
Aminoglycosides Gentamicin
Amikacin
Tetracyclines Tetracycline
Tigecycline
Others

Fusidic acid

Trimethoprim/sulfamethoxazole

2/3(66.7%)
7/7(100%)
4/4 (100%)
3/3(100%)
2/3(66.7%)
2/3 (66.7%)
0/50 (0.0%)

0/51 (0.0%)
0/7(0.0%)
0/51(0.0%)
43/49 (87.8%)
42/50 (84.0%)
18/52 (34.6%)
3/3(100%)
12/50 (24.0%)
19/52 (36.5%)
1/2 (50.0%)
25/46 (54.3%)
2/55 (3.6%)
4/53 (7.5%)
1/50 (2.0%)

*Notes: n: number of resistant isolates; N: total number of isolates tested for the specific antibiotic.

Resistance estimates based on fewer than 10 tested isolates were considered unstable and were not interpreted in the text.

The similarities between these studies and the pre-
sent findings highlight the dominant role of multi-
drug-resistant Gram-negative pathogens in HAP
among patients with T2DM in Vietnam. Variations in
the distribution of specific bacterial species across
studies may reflect differences in patient characteris-
tics, hospital settings, local antimicrobial practices, and
regional epidemiological patterns. Nevertheless, the
consistently high prevalence of A. baumannii, K. pneu-
moniae, and P. aeruginosa underscores the importance
of continuous microbiological surveillance and appro-
priate empirical antibiotic selection in this high-risk
population.

Antibiotic resistance among bacterial strains iso-
lated from T2DM patients with HAP is alarming. For
Gram-negative bacteria, resistance rates to individual
antibiotics range from 0.0% to 100.0%. Notably, high
resistance rates were observed in antibiotic classes
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commonly used for empiric therapy of severe infec-
tions, including fluoroquinolones and beta-lactams
(carbapenems, cephalosporins, and penicillins), with
several agents reaching 100% resistance. This trend
aligns with recent studies on HAP and VAP. Guide-
lines from the Infectious Diseases Society of America
(IDSA) and the American Thoracic Society (ATS) em-
phasize that multidrug-resistant Gram-negative path-
ogens pose a major challenge in HAP management, ne-
cessitating antibiotic selection based on local antibio-
grams (Kalil et al., 2016).

The present study indicates that A. baumannii
exhibited high resistance rates to most tested
antimicrobial classes. Colistin resistance was not
detected among 90 tested isolates; tigecycline results
were not interpreted because fewer than 10 isolates
were tested. A. baumannii is resistant to most first-line
empiric agents, including carbapenems (imipenem
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97.8%, meropenem 97.9%), cephalosporins (cefepime
97.8%, ceftazidime 97.9%), and fluoroquinolones
(ciprofloxacin 98.9%). This finding is consistent with
the results reported by Tra et al. (2023). Due to its
severe resistance profile, the World Health
Organization (WHO) currently classifies A. baumannii
as a critical priority pathogen requiring the
development of new antibiotics (WHO, 2024). Global
literature demonstrates an extremely high prevalence
of antibiotic resistance in A. baumannii among patients
with HAP. A meta-analysis of 114 studies from 29
countries by Lim et al. (2019) reported that the preva-
lence of multidrug-resistant (MDR) A. baumannii in
HAP and VAP was 79.9%, with significant geograph-
ical variation. High-level resistance in A. baumannii is
documented across most commonly used antibiotic
classes, including third- and fourth-generation cepha-
losporins, fluoroquinolones, aminoglycosides, and car-
bapenems. In many Asian countries, particularly in in-
tensive care units (ICUs), carbapenem resistance rates
have exceeded 70% and even surpassed 90% in some
healthcare facilities (Rangel & De-Simone, 2024; Stoian
et al, 2026). Notably, carbapenem-resistant A. bau-
mannii (CRAB) strains frequently exhibit co-resistance
to multiple other antibiotic classes, severely limiting
therapeutic options (Rangel & De-Simone, 2024; Stoian
et al., 2026). Rising resistance rates in A. baumannii are
closely associated with prolonged use of broad-spec-
trum antibiotics (especially carbapenems), extended
hospital stays, invasive mechanical ventilation, and
multiple invasive procedures (Ciginskiené et al., 2019).
Additionally, its capacity for biofilm formation, car-
bapenemase production, upregulation of active efflux
pumps, and environmental acquisition of resistance
genes enable rapid adaptation and spread within clin-
ical settings (Stoian et al., 2026). The high resistance
rate may reflect local antimicrobial pressure and the
clinical vulnerability of the study population; how-
ever, this hypothesis could not be tested because prior
antibiotic exposure, invasive procedures, and outcome
variables were not systematically available. Recent
studies show that diabetes is a risk factor for multi-
drug-resistant Gram-negative bacterial infections, with
A. baumannii isolated more frequently in diabetic pa-
tients than in non-diabetic individuals (Ghareeb et al.,
2024). Chronic hyperglycemia impairs neutrophil
function, reducing phagocytosis and bactericidal ca-
pacity; furthermore, these patients often experience
more frequent hospitalizations, greater exposure to
broad-spectrum antibiotics, and more invasive proce-
dures (Carrillo-Larco et al., 2022). These factors facili-
tate the colonization and dissemination of MDR A. bau-
mannii  strains, particularly carbapenem-resistant
strains. Therefore, the exceptionally high carbapenem
resistance rate of A. baumannii in the present study
likely reflects both hospital-acquired antibiotic
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selective pressure and the underlying vulnerability of
the diabetic patient population.

In addition to A. baumannii, K. pneumoniae and P. ae-
ruginosa represent a major challenge in HAP manage-
ment. K. pneumoniae (accounting for 11.8% of the total
isolates) exhibits severe resistance to most key antibi-
otic classes, including beta-lactams, carbapenems,
fluoroquinolones, and aminoglycosides. A potentially
important finding in K. pneumoniae therapy is its ex-
tremely low resistance rate to tigecycline (only 2.8%),
and no colistin-resistant isolates were observed among
the small number of K. pneumoniae isolates tested; this
estimate should be interpreted cautiously. P. aeruginosa
(comprising 13.2% of the total strains) also demon-
strates highly complex multidrug-resistant profiles,
necessitating cautious antibiotic combination strate-
gies. The present study reveals that P. aeruginosa exhib-
its exceptionally high resistance rates to its specific an-
tipseudomonal agents.

Low colistin resistance rates were observed among
the tested Gram-negative isolates. However, these
findings should be interpreted cautiously because cur-
rent CLSI interpretive criteria do not provide a suscep-
tible category for colistin against relevant Gram-nega-
tive pathogens. Therefore, low resistance rates should
be described as retained in vitro activity rather than
clinical efficacy. Clinical use of colistin should require
optimized dosing, toxicity monitoring, and local stew-
ardship oversight.

Overall, the burden of multidrug resistance in this
study highlights the pressing need to establish and reg-
ularly update local antibiogram data. The predomi-
nance of A. baumannii likely reflects its exceptional abil-
ity to survive in hospital environments and its frequent
association with vulnerable, immunocompromised
populations, such as those with T2DM.

Furthermore, the findings are consistent with re-
cent reports from Southeast Asia, where Gram-nega-
tive pathogens continue to dominate HAP/VAP and
exhibit high levels of antimicrobial resistance. In par-
ticular, carbapenem-resistant A. baumannii has been re-
ported in more than 90% of isolates in multicenter
studies from Thailand, while K. pneumoniae and P. ae-
ruginosa also demonstrate substantial resistance to car-
bapenems and other broad-spectrum agents (Ron-
grungruang et al., 2025). These trends highlight the
persistent burden of multidrug-resistant Gram-nega-
tive pathogens and reinforce the importance of contin-
uous local antibiogram surveillance and antimicrobial
stewardship to optimize empirical therapy.

It is also important to acknowledge the potential in-
fluence of referral-center bias; as Cho Ray Hospital is a
major tertiary care facility, it frequently receives se-
vere, previously treated, or refractory cases from
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lower-tier hospitals. This dynamic likely contributes to
the disproportionately high burden of multidrug-re-
sistant strains observed in this cohort. Consequently,
these findings highlight the urgent need for robust hos-
pital antimicrobial stewardship programs tailored to
local resistance patterns to optimize empirical treat-
ment, curb the spread of resistance, and improve clini-
cal outcomes in diabetic inpatients.

One of the key strengths of this study lies in its fo-
cus on a high-risk and under-researched population-
patients with T2DM hospitalized with HAP at a major
tertiary hospital in Vietnam. By analyzing a relatively
large sample size of 222 patients over an 18-month pe-
riod, the study provides a comprehensive overview of
bacterial distribution and antibiotic resistance patterns
in this vulnerable group. Furthermore, the study used
microbiological culture and susceptibility testing data,
allowing detailed insights into clinically relevant re-
sistance profiles. The findings provide a valuable evi-
dence base to support antimicrobial stewardship strat-
egies tailored to diabetic inpatients with HAP.

This study had several limitations. First, the retro-
spective design may have resulted in missing or in-
complete clinical data. Second, only culture-positive
cases with available antimicrobial susceptibility results
were included, which may have introduced selection
bias and limited generalizability to all patients with
HAP. Third, patients who died, absconded, or were
transferred before completion of treatment were ex-
cluded, which may have introduced survivorship bias
and underestimated disease severity. Fourth, clinical
outcomes, prior antibiotic exposure, invasive proce-
dures, and treatment appropriateness were not sys-
tematically available; therefore, predictors of re-
sistance and outcome associations could not be as-
sessed. Finally, molecular resistance mechanisms were
not evaluated, and resistance phenotypes were not
confirmed.

Given the limitations of the current retrospective
design, future research should focus on conducting
prospective, multicenter cohort studies to accurately
track and evaluate real-world clinical outcomes, in-
cluding mortality, length of hospital stay, and treat-
ment efficacy. Additionally, incorporating molecular
resistance testing (such as whole-genome sequencing)
is crucial for a deeper understanding of underlying
bacterial resistance mechanisms. Furthermore, imple-
menting antimicrobial stewardship interventions will
offer a comprehensive approach to optimizing empiri-
cal treatment regimens and ultimately improving pa-
tient prognoses.
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CONCLUSION

Among culture-positive HAP cases in patients with
T2DM at Cho Ray Hospital, Gram-negative bacteria
predominated, particularly A. baumannii, P. aeruginosa,
and K. pneumonige. High resistance rates were ob-
served for several beta-lactams, fluoroquinolones, and
carbapenems. Colistin showed low in vitro resistance
rates, but its clinical role should be interpreted cau-
tiously under current CLSI criteria. Continued local
microbiological surveillance, antimicrobial steward-
ship, and prospective studies linking resistance pat-
terns with clinical outcomes are warranted.
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