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Purpose: To describe the top three causative organisms of hospital acquired pneumonia (HAP) and ventilator-associated pneumonia
(VAP) in Thailand.

Patients and Methods: This multi-center retrospective cohort study included HAP/VAP patients hospitalized in 2019 in three
university-affiliated hospitals and a private hospital in Bangkok, Thailand. Medical records of patients with a documented diagnosis of
nosocomial pneumonia (NP) were systematically reviewed to collect data on demographic, clinical, microbiological, and 30-day
readmission due to NP.

Results: A total of 240 patients were included in the study, comprises patients with VAP (62.9%), HAP (36.7%), and ventilated HAP
(VHAP) (0.4%). All of the patients had late-onset NP, occurring after five days of hospitalization with median time to NP of 13 days
(interquartile range [IQR] 6-25 days) from admission. The top three causative pathogens of NP were Acinetobacter baumannii
(44.2%), Pseudomonas aeruginosa (34.6%), and Klebsiella pneumoniae (28.3%). A high rate of carbapenem resistance (CR) in
A. baumannii (92.5%) was observed. Lower rates of CR were observed in K. pneumoniae (20.6%) and P. aeruginosa isolates (16.9%).
Readmission rate due to NP within 30 days after discharge was less than 2% with median time of 4 days (IQR 3-20 days) after
discharge. After diagnosis of NP, 19 patients were transferred to intensive care units with median length of stays of 11 days (IQR 3-24
days). Fifty-one percent of HAP patients received mechanical ventilation support after the diagnosis of NP with median length of
mechanical ventilation use of 12 days (IQR 6-22 days).

Conclusion: 4. baumannii, with its significant carbapenem resistance, presents a major HAP/VAP pathogens and imposes
a substantial burden on healthcare resources in this study. Implementation of regular surveillance for causative organisms of NP
and their susceptibility profiles are critical for the success of HAP/VAP management, and reducing the related burden of healthcare
resources.

Keywords: nosocomial pneumonia, antimicrobial susceptibility, healthcare-resource burdens, etiologic agents, Thailand

Introduction

Nosocomial pneumonia (NP), including hospital-acquired pneumonia (HAP) and ventilator-associated pneumonia (VAP),
constitutes a significant healthcare-associated challenge for patients in tertiary-care hospitals, particularly in low- and
middle-income countries (LMICs). Bacterial pathogens, including extensively antimicrobial-resistant strains prevalent in
hospital settings, are the primary etiological agents of NP.'* HAP and VAP, caused by antibiotic-resistant organisms,
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impose substantial morbidity, mortality, and economic burdens, leading to prolonged stays in intensive care units (ICUs)
and hospitals, thereby escalating healthcare costs.>* Updated data on the epidemiology and burden of NP predominantly
originate from high-income countries (HICs) due to systematic surveillance systems.* The incidence of NP is notably
higher in ICUs and among patients reliant on mechanical ventilator support.’” In Asian hospitals, the incidence rates
vary, ranging from 1 to 21 cases per 1000 admissions for HAP and from 3.5 to 46 cases per 1000 ventilator days for
VAP.” The associated case fatality rate spans 25% to 54.5%.” A systematic review of nosocomial infections in some
Southeast Asian (SEA) countries has estimated the pooled incidence density of VAP at 14.7 per 1000 ventilator-days,
with mortality rate of 46% and excess length of hospital stay of up to 21 days.’ However, data on nosocomial infections
from SEA countries remain scarce. Consequently, the burden of NP is substantially underestimated, and epidemiological
insights remains elusive.’

The distribution and burden of causative organisms in NP can vary across countries, geographical regions, and
economic statuses. Gram-negative bacteria such as Pseudomonas aeruginosa, Escherichia coli, Klebsiella pneumoniae,
Acinetobacter species, and antimicrobial-resistant Gram-positive bacteria (such as methicillin-resistant Staphylococcus
aureus or MRSA), are recognized as significant causes of NP in HICs.>® However, in Asia, the incidences of MRSA-
caused NP is lower, while carbapenem-resistant A. baumannii and Enterobacterales-caused NP are more prevalent
compared to HICs.>’ Notably, Acinetobacter spp. account for a higher proportion of NP cases (ranging from 26.9% to
66%) than P. aeruginosa (16.7% to 22%) in countries like Malaysia, Thailand, Pakistan, and India.>’”*

In Thailand, the etiology and antibiotic resistance patterns of NP have gradually changed over time.” A large multi-
center point prevalence study highlighted P. aeruginosa was the predominant pathogen in hospital-acquired infections
(HAIs) in 2001, with lower respiratory infections accounting a third of HAIs.'® However, subsequent data spanning the
years 20082009 and 2015-2017 have revealed that A. baumannii has become the most common pathogen in nosocomial
infections, particularly in cases of HAP and VAP.'""'® To address the evolving landscape of NP, up-to-date information
on epidemiology, bacteriology, and healthcare-resource utilization is crucial. This data informs appropriate antimicrobial
therapy and effective prevention and control strategies. The investigators aimed to characterize the predominant
pathogens, assess 30-day rehospitalization rate, and evaluate healthcare resource utilization related to NP in Thailand.
Additionally, given the emerging antimicrobial resistance of P. aeruginosa, the characteristics of patients with
P. aeruginosa-related NP are presented in detail in this study.

Materials and Methods
Study Design and Settings

This is a multi-center, retrospective cohort study conducted in four hospitals in Bangkok, Thailand. The study sites were
tertiary-care hospitals with capacities ranging from 700 to 2000 beds. Three of the hospitals were university-affiliated:
Thammasat University Hospital (site 01), Siriraj Hospital (site 02), and King Chulalongkorn Memorial Hospital (site 03).
The fourth was a private hospital, Samitivej Hospital (site 04).

Eligible participants included adult patients (aged 18 and over) who were hospitalized in inpatient units and/or ICUs
from January to December 2019. These patients had chest radiographic evidence of pneumonia and a documented
diagnosis of HAP or VAP with a diagnosis code according to the International Classification of Diseases, Tenth Revision
(ICD-10) codes J15 and J18. In addition, we identified and included only patients with a positive bacterial culture for at
least one pathogenic organism, while patients whose bacterial cultures were negative, or who had NP caused by other
infections and non-infectious causes were not identified.

Terms and Definitions

The definitions and classifications of NP (HAP and VAP) used were in accordance with the American Thoracic Society
(ATS) and the Infectious Diseases Society of America (IDSA) 2016 criteria.' HAP was defined as pneumonia not
incubating at the time of hospital admission and occurring 48 hours or more after admission.' VAP was defined as
a pneumonia occurring 48 hours or more after endotracheal intubation.! Additionally, pneumonia in patients with severe
HAP who require mechanical ventilation was classified as a ventilated HAP (VHAP).®

352 https: Infection and Drug Resistance 2025:18



Rongrungruang et al

Polymicrobial infection was defined as the presence of more than one causative organism identified from clinical
specimens. Carbapenem resistance (CR) was defined as bacterial isolates that were resistant to imipenem and/or
meropenem. Given that ertapenem and doripenem were not consistently tested against all isolates during routine
antimicrobial susceptibility testing across the four study sites, they were not included in the definition of CR.
Prolonged hospitalization was defined as a hospital stay exceeding five days. Thirty-day rehospitalization was defined
as a hospitalization due to NP that occurred within 30 days after discharge from the index admission.

Data Collection

Medical records of patients who met the inclusion criteria were reviewed and recorded in the case report form. Data
collected included demographic information, hospital admission details, clinical signs and symptoms of respiratory
infections, microbiological and radiological findings related to the diagnosis of pneumonia, and data on identification and
antimicrobial susceptibility of causative agents. All study hospitals conducted routine antimicrobial susceptibility testing
(AST) in accordance with Thailand’s microbiological laboratory standards, interpreting results based on guidelines from
either the Clinical and Laboratory Standards Institute (CLSI) or the European Committee on Antimicrobial Susceptibility
Testing (EUCAST)."* Antibiotic susceptibility test results include categories of susceptible, intermediate, and resistant.
However, only data pertaining to the susceptible category for the tested antibiotics was collected. Clinical outcomes, such
as in-hospital mortality at the index hospitalization, were not collected in this study.

Additionally, the length of ICU stays, the durations of mechanical ventilation, and 30-day rehospitalization rates due
to NP were recorded. Due to administrative challenges, the data on 30-day rehospitalization were collected from three of
four study hospitals (Site 02, Site 03, and Site 04). Data on the predefined comorbidities and risk factors of patients who
had NP due to P aeruginosa were collected. These data were not collected for patients who had NP with other
organisms.

Ethical Considerations

Considering the study’s retrospective design, the ethics committees approved the waiver of informed consent. We
conducted the study in accordance with the Declaration of Helsinki. The study utilized anonymized datasets, ensuring
the protection of patient confidentiality. This study was approved by the Human Research Ethics Committee of
Thammasat University (Medicine) (Reference number: 155/2564), the Siriraj Institutional Review Board (Reference
number: 783/2021), Institutional Review Board, Faculty of Medicine, Chulalongkorn University (Reference number:
1255/2021), and Bangkok Hospital Institutional Review Board (Reference number: 2021-49).

Statistical Analysis

Descriptive statistics were utilized to characterize the distribution of patient characteristics and microbiological data.
Continuous variables were summarized using the median, interquartile range (IQR), and the overall range (minimum to
maximum). The Chi-square test or Fisher’s exact test was used to compare proportions between groups as appropriate.
A P-value of less than 0.05 was deemed to indicate statistical significance. All statistical analyses were conducted using
SAS version SAS™ Release 9.4 (SAS Institute Inc., Cary, NC).

Results
A total of 240 NP patients were retrospectively included from the four study hospitals. The majority of the patients (215/
240 [89.5%]) were included from the three university-affiliated hospitals, particularly from site 02 (n = 98) (Figure 1).

Patient Characteristics

The median age of patients at the time of initial admission was 73 years (IQR 62-82 years, range 20-102 years)
(Table 1). There were slightly more male patients enrolled in the study (127/240 [52.9%]) than female patients. Three
frequent (reported in >60% patients) signs and symptoms of NP were a new onset or worsening cough, dyspnea, or
tachypnea (95.4%); body temperature >38°C (85.0%); and a new onset of purulent sputum, change in character of
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Total enrolled patients
(N=240)

Site 01 (59 patients) Site 02 (98 patients) Site 03 (58 patients) Site 04 (25 patients)

Figure | Distribution of hospital acquired pneumonia and ventilator-associated pneumonia patients by study sites.

sputum, increased respiratory secretion, or increased suctioning requirement (67.1%).

patients had a new or progressive persistent infiltrate as confirmed by chest radiography
Overall, 62.9% (151/240) were diagnosed with VAP, 36.7% (88/240) with HAP, and

Ninety-seven percent of the
(Table 1).
0.4% (1/240) with vHAP. The

median time to NP was 13 days (IQR 6-25 days; range 2-200 days) from admission date, and it was similar between

HAP and VAP patients (Table 2).

Among the 83 patients who had P. aeruginosa NP, the most frequently observed underlying conditions were moderate
to severe renal or liver diseases (38.6%), diabetes (32.5%), and solid tumors (21.6%) (Table 3). More than 80% of them
had a history of prolonged hospitalization (86% [72/83]), use of invasive devices (90.4% [75/83]), and prior intravenous

antibiotic use within the last 90 days (86.8% [72/83]).

Table | Demographic and Baseline Clinical Characteristics

Characteristics

All Patients (N = 240)

Ages (median years [IQR; Range])
Gender (n [%]):

73 (IQR 62-82; Range 20-102)

® Male 127 (52.9%)
® Female 113 (47.1%)
Age categories (n [%]):

® [8-<35 12 (5%)
® 35 . <45 Il (4.6%)
® 45 . <55 14 (5.8%)
® 55-<65 39 (16.3%)
® 65 or older 164 (68.3%)

Nosocomial Pneumonia clinical characteristics (n, [%])

® New onset or worsening cough, or dyspnea, or tachypnea

® Temperature >38°C with no other recognized cause

® |eukocytosis (212,000 WBC/mm?) or leukopenia (<4000 WBC/mm?)

® New onset of purulent sputum, or change in character of sputum, or increased respiratory secretions, or
increased suctioning requirements

® Worsening gas exchange

® Rales or bronchial breath sounds

® Altered mental status with no other recognized cause in adults >70 years

229 (95.4%)
204 (85%)
163 (67.9%)
161 (67.1%)

134 (55.8%)
131 (54.6%)
17 (7.1%)

Chest radiographic characteristics (n [%])
® New or progressive persistent infiltrate

® Consolidation

® Cavitation

® Effusion

235 (97.9%)
9 (3.8%)
0 (0%)
19 (7.9%)

Time to nosocomial pneumonia (median days, [IQR])

13 days (IQR 6-25; Range 2-200)

Abbreviations: IQR, interquartile range; WBC, White blood cell.
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Table 2 Causative Pathogens of Nosocomial Pneumonia During the Index Admission

All Patients (N = 240) | HAP (n = 88) | VAP (n = I51) | vHAP Patients (n = I)
Site of isolation (n [%])
® Endotracheal Aspirates 177 (73.8%) 30 (34.1%) 146 (96.7%) 1 (100%)
® Bloodstream 164 (68.3%) 52 (59.1%) 111 (73.5%) I (100%)
® Sputum 63 (26.3%) 60 (68.2%) 3 (2%) 0 (0%)
® BAL 9 (3.8%) 4 (4.5%) 5 (3.3%) 0 (0%)
® Pleural Fluid 0 (0%) 0 (0%) 0 (0%) 0 (0%)
® Lung Biopsy 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Causative organisms (n [%])
® Acinetobacter baumannii 106 (44.2%) 20 (22.7%) 86 (57%) 0 (0%)
® Pseudomonas aeruginosa 83 (34.6%) 31 (35.2%) 51 (33.8%) 1 (100%)
® Kilebsiella pneumoniae 68 (28.3%) 24 (27.3%) 44 (29.1%) 0 (0%)
® Stenotrophomonas maltophilia 43 (17.9%) 9 (10.2%) 34 (22.5%) 0 (0%)
® Escherichia coli 24 (10%) 13 (14.8%) I (7.3%) 0 (0%)
® Staphylococcus aureus (MSSA) 8 (3.3%) 4 (4.5%) 4 (2.6%) 0 (0%)
® [Enterobacter spp. 6 (2.5%) 2 (2.3%) 4 (2.6%) 0 (0%)
® ESBL producers: 5 (2.1%) 5 (5.7%) 0 (0%) 0 (0%)
- K. pneumoniae 4 (1.7%) 4 (4.5%) 0 (0%) 0 (0%)
- E. coli | (0.4%) 1 (1.1%) 0 (0%) 0 (0%)
® Staphylococcus aureus (MRSA) 4 (1.7%) 3 (3.4%) 1 (0.7%) 0 (0%)
® Others® 18 (7.5%) 4 (4.5%) 14 (9.3%) 0 (0%)

Notes: “Other organisms included Chromobacter xylosoxidans, Acinetobacter spp., Acinetobacter ursingii, Burkholderia cepacia, Chryseobacterium spp.,

Corynebacterium, Haemophilus influenzae, Klebsiella (Enterobacter) aerogenes, Klebsiella oxytoca, Serratia marcescens, Streptococcus pneumoniae.

Abbreviations: BAL, bronchoalveolar lavage; ESBL, extended-spectrum beta-lactamases; HAP, hospital-acquired pneumonia; MRSA, methicillin-resistant
Staphylococcus aureus; MSSA, methicillin-susceptible Staphylococcus aureus; VAP, ventilator-associated pneumonia; VHAP, ventilated hospital acquired pneumonia.

Table 3 Factors Associated with Nosocomial Pneumonia Due to P. aeruginosa

Overall (n=83) | HAP (n=31) | VAP (n=52) | P-value

Comorbidities (n, %)

® Elderly (265 yr) 55 (66.27%) 23 (74.2%) 32 (61.5%) 0.38
® Moderate/severe renal or liver diseases 32 (38.55%) 13 41.9%) 19 (36.5%) 0.63
® Diabetes 27 (32.53%) 10 32.3%) 17 (32.7%) 0.98
® Septic shock 30 (36.14%) 9 (29%) 21 (40.4%) 0.41
® Solid tumors 18 (21.69%) 8 (25.8%) 10 (19.2%) 0.49
® |mmunosuppression 17 (20.48%) 5 (l16.1%) 12 (23.1%) 0.51
® Hemodialysis 13 (15.66%) 4 (12.9%) 9 (17.3%) 0.64
® Chronic obstructive pulmonary disease 7 (8.43%) 3 (9.7%) 4 (7.7%) 0.74
® Acute respiratory distress syndrome 8 (9.64%) 2 (6.5%) 6 (11.5%) 0.48
® Trauma 3 (3.61%) 0 (0%) 3 (5.8%) 0.18
® Others” 13 (15.66%) Il 35.5%) 2 (3.8%) <0.01
Risk factors:

® History of prolonged hospitalization 81 (97.59%) 31 (100%) 50 (96.2%) 0.74
® Prior intravenous antibiotic use within last 90 days 72 (86.75%) 25 (80.6%) 47 (90.4%) 0.66
® Use invasive devices 75 (90.36%) 25 (80.6%) 50 (96.2%) 0.45
® Any previous infection 39 (46.99%) 18 (58.1%) 21 (40.4%) 0.19
® Prior ICU admission 19 (22.89%) Il (35.5%) 8 (15.4%) 0.05
® Use of central-venous catheter 33 (39.76%) Il (35.5%) 22 (42.3%) 0.65
® Prolong ET intubation 214 days 45 (54.22%) 8 (25.8%) 37 (71.2%) <0.01
® History of admission to long-term care facilities 3 (3.61%) 1 (3.2%) 2 (3.8%) 0.9

Notes: *Others included atrial fibrillation, adrenal insufficiency, acute kidney injury, alzheimer’s disease, benign prostatic hyperplasia, coronary

heart disease, cirrhosis, depression, dyslipidemia, hypertension, myocarditis, and urinary tract infection.
Abbreviations: ET, endotracheal; HAP, hospital-acquired pneumonia; ICU, intensive care unit; VAP, ventilator-associated pneumonia.
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Causative Organisms

The overall top three most common isolated NP pathogens were A. baumannii (44.2%), P. aeruginosa (34.6%), and
K. pneumoniae (28.3%) (Table 2), which were similar to the top three pathogens observed in VAP patients, while the
leading pathogen for HAP was P. aeruginosa, followed by K. pneumoniae, and A. baumannii. Other isolates included
Stenotrophomonas maltophilia (17.9%), Escherichia coli (10%), and Staphylococcus aureus (MSSA) (3.3%).

Among all NP patients, the most common site of pathogen isolation was endotracheal aspirates (73.8%), followed by
the bloodstream (68.3%), and sputum (26.3%). This trend was similar to that observed among VAP patients. However,
the most common site of isolation for HAP patients was sputum, followed by the bloodstream and endotracheal aspirates
in HAP patients. Of all patients, 17 (7.1%) had positive blood and respiratory specimen cultures for any organisms (data
not shown) and 16 of them (94%) had concordant blood and respiratory specimens which were culture positive for the
same organism (4. baumannii [10/16], K. pneumoniae [5/16], and P. aeruginosa [3/16]). Interestingly, 13 of 16 patients
had polymicrobial infections indicating that blood and/ or respiratory specimens had culture positive for more than one
causative organism (Supplementary Table 1). Of all patients, two patients had only blood cultures that were tested

positive for bacteria. Both patients tested positive for E. coli, and additionally, one patient had 4. baumannii and the other
had K. pneumoniae.

Antimicrobial-Susceptible Organisms
The majority of P. aeruginosa, K. pneumoniae, and E. coli isolates (>90%) were susceptible to amikacin, while only
about 20% of A. baumannii isolates were (Supplementary Table 2). Less than half of A. baumannii isolates were

susceptible to the tested antibiotics, with 47.2% being susceptible to colistin. Susceptibility to colistin in A. baumannii
was lower in HAP patients (25%) compared to VAP patients (52.3%). Over 80% of P. aeruginosa isolates were
susceptible to key antibiotics like gentamicin, ciprofloxacin, ceftazidime, piperacillin/tazobactam, and meropenem. For
K. pneumoniae, 41.2-77.9% were susceptible to these antibiotics. Overall, the proportion of P aeruginosa and
K. pneumoniae which were susceptible to these four antibiotics were similar between HAP and VAP patients.

Carbapenem Resistance (CR)

A high rate of CR (92.5%) was observed among 4. baumannii isolates (HAP: 85.0%; VAP: 94.2%). A lower CR rate was
observed in K. pneumoniae (20.6% [HAP: 29.2%; VAP: 15.9%]) and P. aeruginosa isolates (16.9% [HAP: 12.9%; VAP:
19.6%]) (Table 4). Across the four study sites, CR was observed predominantly in A. baumannii (50.0-100%), followed
by K. pneumoniae (5.6-36.0%) and P. aeruginosa (6.3-33.3%) (Table 5).

30-Day Rehospitalization Due to NP

Due to operational challenges, the NP-related 30-day rehospitalization rates were determined among patients admitted to
three out of four study sites. Less than 2% of the patients (3/181 [1.7%]) were rehospitalized with NP within 30 days
after discharge. Two patients had VAP and one patient had HAP. The median time of readmission after discharge was 4
days (IQR 3-20 days; range 3-20 days). The causative pathogens isolated for all three patients at readmission were
A. baumannii (3), P. aeruginosa (1), and S. maltophilia (1), and these were isolated from endotracheal aspirates (2),
bloodstream, bronchoalveolar lavage (BAL), and sputum (one each). Two out of three patients who were readmitted had
the same causative organisms as those identified during their initial admission, specifically 4. baumannii and
P. aeruginosa. The one other patient suffered from NP caused by a different organism compared to what was observed
during their first admission.

Table 4 Carbapenem Resistance Rates of the Top Three Organisms Causing Nosocomial Pneumonia

Causative Organisms

All Patients (N = 240)

HAP Patients (n = 88)

VAP Patients (n = 151)

vHAP Patients (n = 1)

A. baumannii
P. aeruginosa

K. pneumoniae

98/106 (92.5%)
14/83 (16.9%)
14/68 (20.6%)

17/20 (85%)
431 (12.9%)
7124 (29.2%)

81/86 (94.2%)
10/51 (19.6%)
7/44 (15.9%)

/1 (0%)

https:
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Table 5 Distribution of the Three Major Organisms and Their Carbapenem Resistant Rates Stratified by Study Hospitals

Antibiotics Tested by Pathogen at Index

Study hospitals

Carbapenems resistant (IMI/ MEM):

12/12 (100%)

56/59 (94.9%)

Admission

Site 01 Site 02 Site 03 Site 04

(n=59) (n=98) (n=58) (n=25)
Acinetobacter baumannii (n=106) 12 59 31 4
Imipenem 12 (100%) 56 (94.9%) 28 (90.3%) 2 (50%)
Meropenem 12 (100%) 56 (94.9%) 28 (90.3%) 2 (50%)
Ertapenem® 12 (100%) 59 (100%) 31 (100%) 4 (100%)
Doripenem® 12 (100%) 59 (100%) 28 (90.3%) 2 (50%)

28/31 (90.3%)

2/4 (50%)

Carbapenems resistant (IMI/ MEM):

2120 (10%)

2/32 (6.3%)

Pseudomonas aeruginosa (n=83) 20 32 25 6

Imipenem 3 (15%) 5 (15.6%) 8 (32%) 2 (33.3%)
Meropenem 2 (10%) 2 (6.2%) 8 (32%) 2 (33.3%)
Ertapenem® 20 (100%) 31 (96.9%) 25 (100%) 6 (100%)
Doripenem?® 20 (100%) 28 (87.5%) 7 (28%) 2 (33.3%)

8125 (32%)

2/6 (33.3%)

Klebsiella pneumoniae (n=68) 21 25 18 4

Imipenem 3 (14.3%) 9 (36%) I (5.6%) I (25%)
Meropenem 3 (14.3%) 10 (40%) I (5.6%) I (25%)
Ertapenem? 4 (19.1%) 12 (48%) 1 (5.6%) I (25%)
Doripenem?® 21 (100%) 24 (96%) 1 (5.6%) I (25%)

Carbapenems resistant (IMI/ MEM): 3121 (14.3%) | 9/25 (36%) 1118 (5.6%) 1/4 (25%)

Notes: *Ertapenem and Doripenem were not consistently tested against all isolates during routine antimicrobial susceptibility testing for A. baumannii,
P. aeruginosa, and K. pneumoniae at certain study locations. Consequently, any interpretation of the proportion of susceptible isolates should be approached
with caution. The bold values indicate the total number of positive cultures for each organism and emphasize the carbapenem-resistant rates according to
the study definition.

Abbreviations: IMI, imipenem; MEM, meropenem.

Healthcare Resource Ultilization

After the diagnosis of NP, 19 patients were transferred to ICUs with the median length of stay (LOS) of 11 days (IQR
3-24 days, range 1-53 days). LOS was longer for HAP patients compared to VAP patients (12.5 vs 7 days).
Approximately half of HAP patients (45/88 [51%]) received mechanical ventilation support following the diagnosis of
NP, and the median length of mechanical ventilation use was 12 days (IQR 6-22 days, range 2—103 days). Among the
three patients who had 30-day readmission, their median LOS during rehospitalization was 33 days (IQR and range
19-79 days).

Discussion

A. baumannii, P. aeruginosa, and K. pneumoniae were significant causes of both HAP and VAP in the public and private
hospitals in this study. These organisms are also widely recognized as major nosocomial pathogens in Thailand and in
Asia."*!® Our research aligns with studies from Northeastern and Central Thailand, which found that three pathogens are
frequently responsible for HAP and VAP.'"'%!31¢ Similar reports of these three causative organisms have been noted in
other Asian regions.”®'"'® Altogether, these suggest the persistent burden of these bacteria causing NP in our region and
continent for the last decades.

1718 e demonstrated that A. baumannii poses a significant threat to hospitalized

Consistent with previous findings,
patients receiving mechanical ventilation, as more than half of the VAP cases in our study were caused by this organism.
This can be attributed to its biological niche and its ability to acquire antibiotic resistance, which includes resistance to
desiccation, and persistence in hospital environment, such as on materials and medical devices.'*° This indicates that

the efforts of infection control program could be dedicated to effective infection control measures, including hand
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hygiene, contact isolation, oral and environmental decontamination, aspiration prevention, and assessment for weaning
from the ventilator and avoiding reintubation, in preventing VAP caused by A. baumannii and other organisms.*'*?

P. aeruginosa is an important cause of opportunistic infections in individuals with significant underlying diseases and
in mechanically ventilated patients.?**** Similar to previous findings, patients in our study with P. aeruginosa NP often
have comorbidities such as renal or liver diseases, diabetes, and solid tumors.**** They also frequently have risk factors
including prolonged hospitalization, use of invasive devices, and recent antibiotic treatment.”**> However, our data show
P. aeruginosa infection is slightly more prevalent in patients with HAP than in those with VAP.

The resistance to carbapenems (imipenem and meropenem) varies among three pathogens across different study
hospitals. While the factors contributing to the differences in CR rates among tertiary-care hospitals remain unclear,
several potential factors could be taken into consideration. These include patient-related factors, the hospital ward
environment, the use of broad-spectrum antimicrobials, and infection control programs.”®?’

Comparing the CR rates of 4. baumannii, P. aeruginosa, and K. pneumoniae observed in our study with national data
reported by the National Antimicrobial Resistance Surveillance Centre, Thailand (NARST) in 2019 and a recent large
nationwide surveillance study (October 2017-December 2019),>*® we found notable differences. The CR rate of
A. baumannii in this study (92.5%) was substantially higher than both published reports (68.1% and 77%).%*®
Meanwhile, P. aeruginosa in this study had lower CR rate (16.9%) than the two nationwide reports (19.2% and
22.3%).”*® The differences in CR rate of K. pneumoniae (20.6%) in this study compared to those reported (10.8%
and 32%) were not definitive.””® One possible explanation for these differences lies in the composition of isolates
included in the surveillance reports. Both NARST and the nationwide study included isolates from various clinical
sources (such as blood, respiratory samples, and urine) and could represent both community-acquired and hospital-
acquired cases.

In contrast to previous reports, a high proportion of bacteremic NP was observed in our study: 10% vs 68%,
respectively.””** However, understanding the underlying reasons for this discrepancy remains challenging and cannot be
determined from the study data. Several potential factors could be considered, including the local bacteriology of
causative organisms, for example, A. baumannii with biofilm associated with bacteremic VAP,31 alternative
infections,?” and/ or study selection criteria (included only patients with positive culture).

It has been demonstrated that hospitalized patients who experienced NP have an increased risk of rehospitalization
after discharge.>® A recent database study in Europe reported that 12.6% of NP patients experienced a 30-day read-
mission, half of which were due to recurrent pneumonia.*®> In our present study, only two percent of patients were
rehospitalized due to A. baumannii NP within a median of four days after discharge. Several factors may contribute to the
observed low 30-day readmission rate. First, the retrospective design that relied on data available in medical records,
which may not capture all relevant information. For example, patients transferred to other hospitals or those who passed
away during or after their index admission might not be fully accounted for. Some patients may have sought medical
attention at different facilities after discharge, leading to underestimation of readmission rates. To gain a comprehensive
understanding of NP’s impact on healthcare resources, future research should include robust readmission data and
explore additional risk factors.

The findings of this study should be considered in light of several important limitations. First, due to the retrospective
nature of this study, there may be selection bias. Medical records were selected based on the completeness of information
required by the protocol, limited to patients with the diagnostic code of J15/J18 (bacterial pneumonia). Additionally, we
did not consider the time window between HAP/VAP diagnosis and specimen collection to distinguish between HAP/
VAP and HAI as recommended by the Centers for Disease Control’s National Healthcare Safety Network (CDC/
NHSN).** While the top three observed pathogens align with published literature, their burden might still be under-
estimated or overestimated due to the influence of HAI pathogens. Second, the present study involved tertiary-care
hospitals, generalizability to other level of care hospitals is limited. Third, apart from carbapenem resistance, the study
was designed to collect data on isolates that were susceptible to the tested antibiotics, not the classical susceptibility test
results (susceptible, intermediate, and resistant). Therefore, the susceptibility findings should be interpreted with caution.
Fourth, the study results are limited to the causative bacteria of HAP/VAP and do not include other types of pathogens,
such as fungi and viruses. Fifth, the results of this study do not reflect the clinical burden due to the lack of mortality
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outcomes. Acknowledging these limitations, we suggest that future studies on nosocomial pneumonia report compre-
hensive microbiological data (including all identified pathogens and complete antibiotic susceptibility patterns), clinical
data (including reasons for hospitalization), treatment information, and outcomes. Despite these limitations, our study
systematically and retrospectively included HAP and VAP cases in 2019, providing valuable real-world data from four
tertiary-care centers in urban Bangkok and its vicinity, Thailand. To the best of our knowledge, this represents the first
multi-center study to investigate the 30-day rehospitalization rates for HAP and VAP in Thailand.

Conclusion

This real-world study in Thailand highlights the significant burden of A. baumannii, P. aeruginosa, and K. pneumoniae in
HAP and VAP. A. baumannii and its high carbapenem resistance posed the highest health threat to hospitalized patients
and the largest burden on health care resources. Understanding of the causative organisms and their susceptibility profiles
is critical for the success of HAP and VAP antimicrobial management. Therefore, the implementation of regular review
or surveillance for NP may substantially benefit patient outcomes and management of health care resources.
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