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Characteristics, Management, and Clinical 
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Background: Hospital-acquired pneumonia (HAP) and ventilator-associated pneumonia (VAP) are significant public 
health issues in the world, but the epidemiological data pertaining to HAP/VAP is limited in Korea. The objective of this 
study was to investigate the characteristics, management, and clinical outcomes of HAP/VAP in Korea.
Methods: This study is a multicenter retrospective cohort study. In total, 206,372 adult patients, who were hospitalized 
at one of the 13 participating tertiary hospitals in Korea, were screened for eligibility during the six-month study period. 
Among them, we included patients who were diagnosed with HAP/VAP based on the Infectious Diseases Society of 
America (IDSA)/American Thoracic Society (ATS) definition for HAP/VAP.
Results: Using the IDSA/ATS diagnostic criteria, 526 patients were identified as HAP/VAP patients. Among them, 27.9% 
were diagnosed at the intensive care unit (ICU). The cohort of patients had a median age of 71.0 (range from 62.0 to 79.0) 
years. Most of the patients had a high risk of aspiration (63.3%). The pathogen involved was identified in 211 patients 
(40.1%). Furthermore, multidrug resistant (MDR) pathogens were isolated in 138 patients; the most common MDR 
pathogen was Acinetobacter baumannii . During hospitalization, 107 patients with HAP (28.2%) had to be admitted to 
the ICU for additional care. The hospital mortality rate was 28.1% in the cohort of this study. Among the 378 patients who 
survived, 54.2% were discharged and sent back home, while 45.8% were transferred to other hospitals or facilities.
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Introduction
Hospital-acquired pneumonia (HAP) is defined as the 

development of parenchymal lung infection in hospitalized 
patients after at least 48-hour post-admission. However, if pa-
tients who experience intubation to receive mechanical ven-
tilation (MV) in an intensive care unit (ICU) and then these 
patients develop parenchymal lung infection within 48 hours 
of admission, the condition is known as ventilator-associated 
pneumonia (VAP)1. Furthermore, HAP/VAP is the most com-
mon nosocomial infection that causes significant clinical and 
economic burden, including prolonged hospitalization, higher 
overall health care costs, and increased morbidity and mortal-
ity2-7. Previous epidemiological studies have been carried out 
at a worldwide level. These studies have reported the preva-
lence of HAP as 5–20 cases per 1,000 hospital admissions and 
2.4–6.1 cases per 1,000 non-ICU patients6-11. However, the 
epidemiological data of HAP remains limited in Korea.

Several international organizations have provided guide-
lines for the appropriate management of HAP/VAP in pa-
tients2,3. According to these guidelines, physicians should pro-
vide an empirical treatment only after considering the local 
epidemiological findings, etiology, and resistance patterns.

Epidemiological and microbiological information is very 
important in the management of HAP/VAP, but hospitals in 
Korea have published very little data about HAP/VAP patients. 
Therefore, in this study, we investigated the prevalence and 
underlying characteristics of HAP/VAP in Korean hospitals, 
which included microbiological information, epidemiology, 
and the outcomes of HAP/VAP in Korea.

Materials and Methods
1. Study design and population

A nationwide, multicenter retrospective cohort study was 
conducted by the Korean HAP/VAP Study Group. In this 
study, 13 tertiary or university-affiliated hospitals of Korea 
participated. The study protocol was developed by the steer-
ing committee, which periodically reviewed the progress of 
the study and provided an overall supervision of the research 
study. The study was approved by the institutional review 

boards of each participating hospital and Samsung Medical 
Center (No. 2020-03-150). They waived the compulsion of 
getting an informed consent letter as it was an observational 
study. In addition, patient information was anonymized and 
eliminated from records or files prior to analysis.

In this study, the inclusion criteria of patients was follows: 
(1) they were admitted to the participating hospital for more 
than three days (from June 1 to December 31, 2019), (2) they 
were labeled as pneumonia-related International Classifi-
cation of Diseases-10 code (J13–J18, J85) at discharge, and 
(3) they were at least 19 years of age. All these patients were 
screened for eligibility. After performing a comprehensive re-
view of medical records, patients were diagnosed with HAP/
VAP based on the definition1 provided by the following orga-
nizations: the American Thoracic Society and the Infectious 
Diseases Society of America (HAP/VAP is a condition that 
includes new or progressive parenchymal lung infiltrate and 
clinical findings that suggest infection, e.g., the new onset of 
fever, purulent sputum, leukocytosis, and a decline in oxygen-
ation). Such patients were included in the study and followed 
up until their date of death or hospital discharge. In this study, 
the exclusion criteria of patients was as follows: patients who 
had received antibiotics for more than 72 hours at other hos-
pitals or who had developed pneumonia within 48 h of their 
transfer to another hospital.

2. Data collection

In each participating hospital, the trained study coordina-
tors reviewed the electronic medical records of each patient, 
and they collected the data by using a standardized case 
report form. The information collected was as follows: (1) 
the demographic data, including age, sex, comorbidities, and 
clinical frailty score; (2) the data on HAP/VAP, including risk 
factors, disease severity, Sequential Organ Failure Assessment 
(SOFA) scores, laboratory variables, infectious pathogens, and 
multidrug resistant (MDR) pathogens; (3) the treatment data, 
including the adequacy of an empirical antibiotic therapy, the 
adjunctive use of steroids, ICU admissions, and limitations 
of care decision; and (4) clinical outcomes, including clinical 
and microbiological responses, in-hospital mortality, and the 
discharge destination of patients who survived and were dis-
charged. In case of patients admitted to the ICU for HAP/VAP, 

Conclusion: This study found that the prevalence of HAP/VAP in adult hospitalized patients in Korea was 2.54/1,000 
patients. In tertiary hospitals in Korea, patients with HAP/VAP were elderly and had a risk of aspiration, so they were 
often referred to step-down centers.
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the study coordinators also collected data pertaining to the 
use of resources and the occurrence of medical events during 
their stay in the ICU. All the participating hospitals were asked 
to complete data entries and email the data to the coordina-
tion center, where the quality of the data was assessed for 
completeness and for logical errors.

3. Definitions

An infection can be classified into three categories: (1) 
microbiologically documented infections, (2) clinically 
documented infections, and (3) possible infections. Cultured 
pathogens are defined as the microorganisms collected within 
2 days of antibiotic treatment by the managing physicians; 
however, these microorganisms should not be colonizers or 
contaminants. Furthermore, MDR pathogens are defined as 
the microorganisms that are resistant to agents of three or 
more antimicrobial categories12. An initial antimicrobial ther-
apy was provided in the absence of microbiological isolates, 
and was considered to be an empirical therapy. Based on the 
results of drug susceptibility testing, we gauged the adequacy 
of this empirical therapy. The baseline SOFA score was as-
sumed to be zero in patients who did not have a pre-existing 
organ dysfunction13,14. The risks of aspiration were classified 
as follows: (1) an impaired swallowing (esophageal disease, 
neurological disease, or recent extubation), (2) an impaired 
consciousness, (3) an increased chance of gastric contents 
reaching the lung (reflux or tube feeding), and (4) an impaired 
cough reflex (medications, stroke, or dementia)15. Sepsis and 
septic shock were defined by the clinical criteria presented in 
the 3rd International Consensus Definitions for Sepsis and 
Septic Shock (Sepsis-3)16. 

Clinical responses were classified according to the follow-
ing three categories: (1) clinical cure (an improvement in all 
the signs and symptoms of pneumonia), (2) clinical failure 
(the persistence or worsening of signs, symptoms, or both of 
pneumonia; the symptoms or signs of pneumonia, or both, 
occurred within 3 days after the termination of medical treat-
ment), and (3) the recurrence of pneumonia (the occurrence 
of a new event of pneumonia 72 hours after the discontinu-
ation of antibiotics). In addition, microbiological responses 
were classified as follows: (1) microbiological eradication: an 
absence of the baseline pathogen in the final culture of speci-
mens during hospitalization, (2) colonization: persistence of 
the baseline pathogen but clinically cured, (3) microbiologi-
cal failure: persistence of the baseline pathogen with clinical 
failure, and (4) microbiological recurrence: regrowth of the 
baseline pathogen irrespective of the clinical outcome.

Results
1. Study population

The study was conducted for a period of 6 months, which 
extended from June 1 to December 31, 2019. During this pe-
riod, 206,372 adult patients were admitted into the participat-
ing hospitals; however, only 526 patients were diagnosed with 
HAP/VAP (2.54/1,000 patients). Table 1 enlists the baseline 
characteristics of these patients: there were 360 male patients 
(68.4%), and 166 female patients (31.6%) with HAP/VAP; the 
median age of these patients was 71.0 years (range, 62.0–79.0 
years). The most common comorbidities were as follows: solid 
malignant tumors (35.9%), diabetes (31.7%), and chronic neu-
rological disease (27.9%). The median Charlson Comorbidity 
Index was 5.0 (3.0–6.0) and the Clinical Frailty Scale was 5.0 

Table 1. Baseline characteristics of patients with hospital-
acquired and ventilator-associated pneumonia

Variable Value (n=526)

Age, yr 71.0 (62.0–79.0)

Male sex 360 (68.4)

Body mass index, kg/m2 21.9 (19.4–24.5)

Comorbidity

   Diabetes 167 (31.7)

   Cardiovascular disease 107 (20.3)

   Chronic lung disease 77 (14.6)

   Chronic neurological disease 147 (27.9)

   Chronic kidney disease 77 (14.6)

   Chronic liver disease 40 (7.6)

   Connective tissue disease 16 (3.0)

   Immunocompromised 29 (5.5)

   Hematological malignancy 41 (7.8)

Solid malignant tumor 189 (35.9)

   High dose or long-term steroid use 36 (6.8)

   Charlson Comorbidity Index 5.0 (3.0–6.0)

   Clinical Frailty Scale 5.0 (3.0–7.0)

Reason for admission

   Medical

   Medical disease treatment 303 (57.6)

   Diagnostic work-up 52 (9.9)

Surgical

   Elective operation 106 (20.2)

   Emergency operation 52 (9.9)

   Other reasons than operation 13 (2.5)

Values are presented as median (interquartile range) or number (%).
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(3.0–7.0). The most common reasons for hospitalization were 
treatment of medical diseases (n=303, 57.6%), followed by 
elective operation (n=106, 20.2%).

2. Clinical characteristics on the day of HAP/VAP 
diagnosis

In this study, HAP was diagnosed in 419 patients (79.7%) 
(379 patients in general ward and 40 patients in the ICU), 
whereas VAP was diagnosed in 107 (20.3%) patients (Table 
2). Among the 526 patients, 381 patients (71.4%) were admin-
istered intravenous antibiotics for 90 days, and 149 patients 
(28.3%) were provided with artificial airways. A vast majority 
of patients (n=333, 63.3%) had at least one aspiration risk: the 
most common risk was impaired swallowing (n=223, 42.4%), 
followed by cases having an increased likelihood of retrograde 
gastric content flow to the lung (n=202, 38.4%). The median 
SOFA score was 4.0 (2.0–7.0). Sepsis was observed in 336 
(63.9%) of the total patients, and septic shock was observed in 
56 patients (10.6%).

3. Diagnostic materials and microbiology

During the evaluation of pathogens, we found the highest 
number of analyzed specimens in blood cultures (79.3%), 
sputum (54.6%), and transtracheal aspirations (31.9%). More-
over, 99 patients (18.8%) had colonized pathogens before be-
ing diagnosed with HAP/VAP. The median value of C-reactive 
protein was 10.4 mg/dL (range, 6.1–17.9 mg/dL), and the 
median value of procalcitonin was 0.4 mmol/L (range, 0.4–0.4 
mmol/L), respectively.

The pathogen involved was identified in 211 patients 
(40.1%) (Table 3). The most common specimens in which 

Table 2. Clinical characteristics on the day of diagnosis of 
hospital-acquired and ventilator-associated pneumonia

Variable Value (n=526)

Classification of pneumonia

   Hospital-acquired pneumonia 419 (79.7)

   Ventilator-associated pneumonia 107 (20.3)

Location of diagnosis

   General ward 379 (72.1)

   Intensive care unit 147 (27.9)

Prior IV antibiotic use within 90 days

   Used 381 (72.4)

   Not used 141 (26.8)

   No data 4 (0.8)

Artificial airway

   None 377 (71.7)

   Endotracheal tube 104 (19.8)

   Tracheostomy 42 (8.0)

   Other 3 (0.6)

Risk of aspiration 333 (63.3)

   Impaired swallowing 223 

   Impaired consciousness 171

   Increased chance of gastric contents 
      reaching the lung

202

   Impaired cough reflex 156

SOFA score 4.0 (2.0–7.0)

Sepsis 336 (63.9)

Septic shock 56 (10.6)

Specimen for bacterial cultures

   Respiratory samples 434 (82.5)

         Sputum 287 (54.6)

         Transtracheal aspirates 168 (31.9)

         Bronchial washing fluid 34 (6.5)

         Bronchoalveolar lavage 9 (1.7)

   Blood 417 (79.3)

   Pleural fluid 32 (6.1)

Serological test for atypical pathogen 92 (17.5)

Respiratory virus test 130 (24.7)

AFB stain and culture 163 (31.0)

Laboratory test

   White blood cell, ×103/L 10.2 (7.1–14.5)

   Hemoglobin, g/dL 10.0 (8.8–11.5)

   Platelet count, ×103/L 175.0 (95.0–252.0)

   Sodium, mmol/L 137.0 (133.0–140.0)

   Chloride, mmol/L 101.0 (98.0–105.0)

Table 2. Continued

Variable Value (n=526)

   Creatinine, mg/dL 0.8 (0.6–1.3)

   AST, U/L 29.0 (20.0–47.0)

   ALT, U/L 21.0 (13.0–37.0)

   Albumin, g/dL 2.9 (2.6–3.2)

   INR 1.2 (1.1–1.2)

   C-reactive protein, mg/dL 10.4 (6.1–17.9)

   Procalcitonin, mmol/L 0.4 (0.4–0.4)

   Lactate, mmol/L 1.4 (1.3–1.7)

   Glucose, mg/dL 133.5 (111.0–161.0)

Values are presented as number (%) or median (interquartile 
range).
IV: intravenous; SOFA: Sequential Organ Failure Assessment; AFB: 
acid-fast bacilli; AST: aspartate aminotransferase; ALT: alanine ami-
notransferase; INR: international normalized ratio.
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the pathogens were identified to be involved were respiratory 
specimens (n=189, 89.5%); bacteremia was detected in 22 cas-
es (10.4%). The most common pathogens were Acinetobacter 
baumannii  (n=68), followed by Pseudomonas aeruginosa 
(n=36), Klebsiella pneumonia (n=35), and Staphylococcus 
aureus (n=24). Moreover, MDR pathogens caused infection in 
138 patients (70.4%), which had microbiologically diagnosed 
HAP/VAP. Furthermore, Acinetobacter species accounted for 
approximately half of the MDR pathogens, followed by Pseu-

Table 3. Bacterial pathogen identified in patients with 
hospital-acquired and ventilator-associated pneumonia

Variable
No.

(n=211)

Gram-positive pathogens

   Staphylococcus aureus 24

   Streptococcus pneumonia 7

   Enterococcus faecium 5

   Nonstaphylococcus aureus 
     Staphylococcus species

4

   Others* 5

Gram-negative pathogens

   Acinetobacter baumannii 68

   Pseudomonas aeruginosa 36

   Klebsiella pneumoniae 35

   Escherichia coli 11

   Sternotrophomonas maltophilia 11

   Enterobacter cloacae 10

   Serratia marcescens 5

   Proteus species 4

   Klebsiella aerogenes 3

   Moraxella catarrhalis 2

   Burkholderia cephacia 2

   Citrobacter species 2

   Others† 2

MDR pathogen identified‡, n (%) 138 (70.4)

   Acinetobacter species 67

   Pseudomonas aeruginosa 30

   Enterobacteriaceae 27

   Staphylococcus aureus 19

   Enterococcus species 4

*Others included one Streptococcus pyogenes, one Streptococcus 
mitis , one Streptococcus agalactiae , one Streptococcus angiosus , 
and one Listeria monocytogenes . †Others included one Klebsiella 
oxytoca and one Raoultella planticola. ‡Data were available for 196 
patients.
MDR: multidrug resistance.

Table 4. Treatment for hospital-acquired and ventilator-
associated pneumonia

Variable Value (n=526)

Initial empirical antibiotics

      Extended-spectrum penicillin/
         beta-lactamase inhibitor

312 (59.3)

Respiratory fluoroquinolone 169 (32.1)

      Third cephalosporin 53 (10.1)

      Cefepime 35 (6.7)

Aminoglycoside 13 (2.5)

Glycopeptide 79 (15.0)

Carbapenem 107 (20.3)

Colistin 8 (1.5)

Marcrolide 5 (1.0)

Others 44 (8.4)

Combination therapy of empirical antibiotics 249 (47.3)

Duration of antibiotics, day 13.0 (7.0–24.0)

Adjunctive steroid use 91 (17.3)

Dose (prednisone equivalent), mg 50.0 (25.0–75.0)

Duration, day 9.0 (3.0–22.5)

Appropriateness of initial empiric antibiotics*

      Appropriate 102 (48.3)

      Inappropriate 92 (43.6)

      Not applicable 17 (8.1)

Changed antibiotics according to 
   microbiologic results*

135 (64.0)

Additional ICU admission associated with 
   HAP/VAP†

107 (28.2)

      ICU length of stay, day 8.0 (3.0–16.0)

Organ support during ICU stay

HFNC 42 (39.3)

      Duration, day 2.0 (1.0–5.0)

Invasive mechanical ventilation 79 (73.8)

      Duration, day 9.0 (4.0–15.8)

Renal replacement therapy 26 (24.3)

ECMO 2 (1.9)

Limitation of life-sustaining treatments 157 (29.8)

Values are presented as number (%) or median (interquartile 
range).
*Data were available for 211 patients with microbiologic diagnosis. 
†Data were calculated for 379 patients who were diagnosed with 
HAP/VAP in general wards.
ICU: intensive care unit; HAP: hospital-acquired pneumonia; VAP: 
ventilator-associated pneumonia; HFNC: high-flow nasal cannula; 
ECMO: extracorporeal membrane oxygenation.
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domonas aeruginosa species (21.7%).

4. Treatment

An extended-spectrum penicillin/beta-lactamase inhibitor 
(59.3%) and respiratory fluoroquinolone (32.1%) are frequent-
ly used as initial empirical antibiotics (Table 4). Combina-
tion antibiotic therapy was provided to 249 patients (47.3%). 
Thereafter, adjunctive steroids were prescribed to 91 patients 
(17.3%). The median prednisone-equivalent dose was 50.0 
mg (range, 25.0–75.0 mg), and the median treatment duration 
was 9.0 days (range, 3.0–22.5 days).

We diagnosed microbiological, clinical, and other possible 
infections in 211 (40.1%), 303 (57.6%), and 12 (2.3%) patients, 
respectively. Among the 211 patients with microbiological 
infections, an appropriate empirical antibiotic regimen was 
provided in 48.3% of the cases. Based on the susceptibility test, 
the antibiotics were changed in 135 patients (64.0%).

Among the 379 patients who were diagnosed with HAP in 
general wards, 107 patients (28.2%) were admitted to the ICU. 
The median length of stay in the ICU was 8.0 days (range, 3.0–
16.0 days). During the ICU stay, 42 patients (39.3%) received 
high-flow nasal cannula therapy, while 79 patients (73.8%) 
received invasive MV. Extracorporeal membrane oxygenation 

was performed on two patients (1.9%).

5. Response to treatment and clinical outcomes

Among the total 526 patients, clinical cure, clinical failure, 
or the recurrence of pneumonia was observed in 344 (65.4%), 
171 (32.5%), and 11 (2.1%) patients, respectively (Table 5). 
Furthermore, 183 patients were diagnosed with microbiologi-
cal infections and were treated with follow-up cultures, but 
microbiological eradication was observed in only 106 (57.9%) 
patients.

The hospital mortality rate was 28.1%, and the median 
length of hospital stay was 30 days (range, 18–53 days). 
Among the patients who survived and were discharged from 
the hospital, 54.2% patients returned to their homes and 45.8% 
patients were transferred to other hospitals or similar facilities. 
Most of the referral cases were transferred to step-down care.

Discussion
In this study, we evaluated the clinical and microbiological 

characteristics, disease management, and the clinical out-
comes of patients with HAP/VAP in Korea. The incidence of 
HAP/VAP was found to be 2.54/1,000 patients in Korea, and 
most patients (72.1%) were admitted to the general ward of 
the hospital. The pathogen involved was identified in 211 pa-
tients (40.1%), and MDR pathogens were detected in 70.4% 
of the included cases. An appropriate empirical antibiotic 
therapy was provided to 48.3% of the studied cases. Thus, 
clinical cure and microbiological eradication was observed in 
65.4% and 57.9% of the studied cases, respectively. The hospi-
tal mortality rate was estimated to be 28.1%. Among the 378 
patients who survived and were discharged, 54.2% were sent 
back home, while 45.8% were transferred to other hospitals or 
healthcare facilities.

In previous research studies on HAP/VAP, physicians fo-
cused on critically ill patients and patients who received MV. 
The results were used to develop and extensively implement 
evidence-based preventive care17. By implementing prevent-
able care bundles, physicians could reduce the incidence of 
VAP and improve patient outcomes. Thus, the overall health-
care costs were reduced with this strategy18,19. In recent stud-
ies, physicians have diverted their attention to HAP patients 
that have been admitted to the general ward, that is, the non-
ICU patients. Davis20 analyzed the data from the National 
Healthcare Safety Network, which is associated with the 
Centers for Disease Control and Prevention. The data was of 
patients diagnosed with complete nosocomial pneumonia. 
The retrospective study was conducted from January 1, 2013 
through December 31, 2016. In this study, the total inpatient 
population was obtained from Pennsylvania acute-care facili-
ties. Among these HAP patients, 60.9% cases were classified 

Table 5. Clinical outcomes of patients with hospital-
acquired and ventilator-associated pneumonia

Variable Value (n=526)

Clinical responses

   Clinical cure 344 (65.4)

   Clinical failure 171 (32.5)

   Recurrence 11 (2.1)

Microbiological responses*

   Microbiological eradication 106 (57.9)

   Colonization 23 (12.6)

   Microbiological failure 50 (27.3)

   Microbiological recurrence 4 (2.2)

Hospital length of stay, day 30 (18–53)

Hospital survivor 378 (71.9)

Destination

   Home 205 (54.2)

   Transfer 173 (45.8)

      Step-down 158

      Step-up 15

Values are presented as number (%) or median (interquartile 
range).
*In 28 of 211 patients, follow-up cultures were not performed, data 
were available in 183 patients.
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as non-ventilator HAP (NV-HAP) and 39.1% cases were clas-
sified as VAP. In this study, it was found that the mortality rates 
of VAP and NV-HAP cases were similar (22.5% vs. 20.3%) in 
2016. Moreover, the total healthcare costs of VAP and NV-HAP 
cases was also similar in 2016 ($40,118,681 vs. $42,259,340). 
In addition, Giuliano et al.21 analyzed the 2012 United States 
National Inpatient Sample dataset and compared NV-HAP 
patients to patients with community-acquired pneumonia, 
non-pneumonia, or VAP cases. This study also proved that 
the total health care costs of NV-HAP cases was higher than 
that of other patients, with longer lengths of hospital stay and 
a greater likelihood of death as compared to all the groups, 
except for patients with VAP. In the present study, we also 
found that most of the HAP patients were diagnosed in gen-
eral wards (72.1%). This indicates that most patients would be 
NV-HAPs in Korea. Therefore, physicians now emphasize on 
paying more attention to NV-HAP patients in general wards.

In this study, the most common pathogens were Acineto-
bacter baumannii  (n=68) and MDR pathogens, which were 
documented in 70.4% of microbiologically confirmed HAP/
VAP patients. The proportion of MDR pathogens involved 
in our study was higher than those included in recent HAP/
VAP studies, which were conducted in other countries22-24. 
However, this increased proportion of MDR pathogens was 
in complete agreement with recent studies in Korea, includ-
ing an epidemiological study of patients with sepsis25 and a 
single-center study of HAP in neurological patients26. As MDR 
pathogens are associated with an initial inadequate antibiotic 
treatment, the knowledge of local epidemiology is essential for 
assessing clinical outcomes27,28. Therefore, to develop domes-
tic-specific guidance on HAP/VAP treatment, physicians must 
collect local microbiological data, including the prevalence of 
MDR pathogens.

For evaluating pathogens, positive blood culture is not usu-
ally used because it has a low sensitivity towards HAP/VAP29,30. 
Therefore, the guidelines for managing HAP/VAP recom-
mend that respiratory specimens must be extracted with non-
invasive or distal quantitative sampling2,3. In the present study, 
however, respiratory samples were not collected from all the 
patients. Conversely, blood culture tests were performed on 
a relatively large number of studied cases. Since the clinical 
judgment in the diagnosis of HAP/VAP is difficult31, careful 
efforts should be made to detect pneumonia in hospitalized 
patients with new or progressive parenchymal lung infiltrates 
in their chest radiograph. In contrast, when clinical findings 
suggest infection, physicians are compelled to extract respira-
tory specimens for adequate treatments, which are based on 
microbiological results.

In this study, the hospital mortality rate was 28.1%, which 
is lower than the mortality of studies with only VAP cases but 
higher than that of NV-HAP cases22,24,32. This finding may be 
related to the fact that the median age of patients with HAP/
VAP was 71.0 years in this study. The severity of the disease is 

strongly associated with increased age and comorbidities that 
exist in aged patients33. In addition, as disability, frailty, and 
comorbidities are highly prevalent in elderly patients, leading 
to increased mortality rate34. In addition, among the patients 
who survived and were discharged from the hospital, 45.8% 
were transferred to hospitals or other facilities. This indicates 
that patients who suffered from HAP/VAP may encounter dif-
ficulties in returning to their daily lives, even after their surviv-
al. Therefore, frailty and comorbidities were highly prevalent 
in elderly patients, which might have compelled physicians to 
transfer them to other hospitals after acutely managing their 
HAP/VAP condition.

Although our study provided information about the preva-
lence, characteristics, and outcomes of HAP/VAP in Korea, 
there are several limitations that need to be mentioned. Firstly, 
given its observational nature, our findings remain prone to 
various biases. We used a national multicenter design to im-
prove the generalizability of our findings, but there is a poten-
tial risk of selection bias. This is because we included only the 
patients who visited the tertiary or university-affiliated hospi-
tals. Secondly, it is possible that we missed some of the HAP/
VAP cases given that we used the International Classification 
of Diseases-10 code to screen the eligibility of study partici-
pants. Thirdly, this study was designed to evaluate the epide-
miological features, and we did not collect the data pertaining 
to long-term outcomes. Future prospective studies of HAP/
VAP should include a larger number of patients, and they 
must be followed up for a longer period of time. The results of 
these studies are needed to define the public health burden 
and economic impact of HAP.

In summary, the prevalence of HAP/VAP in adult hospital-
ized patients in Korea was 2.56/1,000 patients. In tertiary hos-
pitals of Korea, patients with HAP/VAP were elderly and had 
a risk of aspiration. Therefore, they were often referred to step-
down centers after the management of HAP/VAP. Additional 
epidemiological studies must be conducted and innovative 
health care policies must be designed to increase the aware-
ness of HAP/VAP in citizens of Korea. With these measures, 
we can improve the clinical outcomes of those afflicted with 
HAP/VAP.
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