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Background/Aims: Most studies on hospital-acquired pneumonia (HAP) have been conducted in intensive care unit (ICU)
settings. This study aimed to investigate the microbiological and clinical characteristics of non-ICU-acquired pneumonia (NIAP)
and to identify the factors affecting clinical outcomes in Korea.

Methods: This multicenter retrospective cohort study was conducted in patients admitted to 13 tertiary hospitals between
July 1, 2019 and December 31, 2019. Patients diagnosed with NIAP were included in this study. To assess the prognostic fac-
tors of NIAP, the study population was classified into treatment success and failure groups.

Results: Of 526 patients with HAP, 379 were diagnosed with NIAP. Overall, the identified causative pathogen rate was
34.6% in the study population. Among the isolated organisms (n = 113), gram-negative bacilli were common pathogens (n
=91), such as Pseudomonas aeruginosa (n = 25), Acinetobacter baumannii (n = 23), and Klebsiella pneumoniae (n = 21). The
multidrug resistance rates of A. baumannii, P. aeruginosa, and K. pneumoniae were 91.3%, 76.0%, and 57.1%, respectively.
Treatment failure was significantly associated with K. pneumoniae (odds ratio [OR], 3.50; 95% confidence interval [Cl], 1.35
to 9.05; p = 0.010), respiratory viruses (OR, 3.81; 95% Cl, 1.34 to 10.82; p = 0.012), hematological malignancies (OR, 3.54;
95% (I, 1.57 to 8.00; p = 0.002), and adjunctive corticosteroid treatment (OR, 2.40; 95% Cl, 1.27 to 4.52; p = 0.007).
Conclusions: The causative pathogens of NIAP in Korea are predominantly gram-negative bacilli with a high rate of multi-

drug resistance. These were not different from the common pathogens of ICU-acquired pneumonia.
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INTRODUCTION

Hospital-acquired pneumonia (HAP) is the second most
common nosocomial infection [1]. Despite improvements
in supportive and preventive care, it remains an important
cause of morbidity and mortality worldwide [2]. Microbio-
logical diagnosis and an adequate choice of antibiotics are
critical for the successful treatment of HAP. Nevertheless,
good-quality respiratory samples are often unattainable due
to technical invasiveness, and diagnostic accuracy is incom-
plete from the perspective of the methodology. In this con-
text, the initial choice of empiric antibiotics is the first step
in the successful treatment of HAP. An empiric antibiotic
strategy has been developed based on the microbiological
epidemiology of past studies. However, these data came
mostly from previous HAP studies including the intensive
care unit (ICU) population [3,4]. Obtaining a respiratory
sample is more feasible in ICU settings than in the general
ward; therefore, current guidelines for empiric antibiotics in
HAP focus on ICU-acquired pneumonia or ventilator-associ-
ated pneumonia (VAP) [5]. In this context, evidence regard-
ing non-ICU-acquired pneumonia (NIAP) is limited in terms
of clinical characteristics, microbiology, and prognosis [3].
NIAP can be defined as nosocomial pneumonia acquired
in the general ward outside the ICU. Currently, the micro-
biology and epidemiology of NIAP are not fully understood;
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however, its pathophysiology and etiology might differ
from those of VAP, although it is categorized into the same
spectrum under the current guidelines [6]. Epidemiolog-
ic and microbiological evidence is required to establish an
optimal treatment strategy. Therefore, in this context, this
study aimed to investigate the microbiological and clinical
characteristics of NIAP and determine the factors affecting
clinical outcomes in a multicenter retrospective cohort study
in Korea.

METHODS

Study design and population

A multicenter retrospective cohort study was conducted in
13 tertiary or university-affiliated hospitals in Korea from July
1, 2019 to December 31, 2019. This study was conducted
in the Korean HAP/VAP study group. Eligible patients includ-
ed those aged 19 years or older, those with a hospitaliza-
tion period of 3 days or more, and those given a pneumo-
nia-related International Classification of Diseases-10 code
(J13-18, 185) at discharge. HAP was defined according to
the 2016 American Thoracic Society (ATS)/Infectious Diseas-
es Society of America (IDA) guidelines [6]. Patients who de-
veloped pneumonia within 48 hours of referral from other
hospitals or those who had been administered antibiotics
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for more than 72 hours from other hospitals were excluded
from this study. The exclusion criterion was pneumonia ac-
quisition in the ICU.

Data collection

Data were collected and analyzed retrospectively by the co-
ordinator of each hospital. This study was approved by the
Institutional Review Board of each participating hospital, in-
cluding the Pusan National University Yangsan Hospital Re-
view Board (05-2020-067). The clinical information collect-
ed in the case report form was as follows: (1) demographic
data, (2) microbiological pattern of NIAP, (3) treatment data,
and (4) clinical outcomes.

Statistical analysis

Al statistical analyses were performed using SPSS version
26 (IBM Corp., Armonk, NY, USA). Categorical variables are
presented as numbers with percentages, and continuous
variables are presented as means with standard deviations.
To compare continuous variables, the Student'’s t test or the
Mann-Whitney U test was used, as appropriate. Categorical
variables were compared using the chi-square test or Fish-
er's exact test, as appropriate. Univariate logistic regression
analysis was used to examine the association between each
variable and treatment failure in the NIAP. Additionally, mul-
tivariate logistic regression analysis was performed to con-
trol for confounding factors. All tests were two-tailed, and
significance was assessed at p < 0.05.

Definitions
Sepsis and septic shock were defined by clinical criteria ac-
cording to the Third International Consensus Definitions for
Sepsis and Septic Shock (Sepsis-3) [7]. Multidrug-resistant
(MDR) pathogens are microorganisms that are resistant
to agents from three or more antimicrobial categories [8].
The adequacy of the initial empiric antibiotics was deter-
mined by antimicrobial susceptibility tests in patients with
identified pathogens. Immunocompromised patients were
defined as those with CD4 counts below 200 cells/mm?3 in
human immunodeficiency virus infection, those with neu-
trophils < 1,000/mm?3, or those receiving treatment with im-
munosuppressants after organ transplantation. The history
of taking high-dose or long-term steroids was over 20 mg/
day of prednisone or equivocal for at least 2 weeks of use.
The clinical response to NIAP is classified into three main
categories: cure, failure, and recurrence. Clinical cure refers
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206,372 Enrolled patients

526 HAP/VAP

147 ICU acquired
pneumonia

379 NIAP

l l

119 Treatment failure

260 Treatment success

Figure 1. Flow chart of patient’s enrollment. In total, 379 patients
were included in the study. HAP, hospital-acquired pneumonia;
VAP, ventilator-associated pneumonia; ICU, intensive care unit;
NIAP, non-ICU-acquired pneumonia.

to the improvement of all signs and symptoms associated
with pneumonia. Clinical failure is the persistence or wors-
ening of signs, symptoms, or both associated with pneumo-
nia, occurring again within 3 days after the termination of
treatment. Clinical recurrence is defined as the occurrence
of pneumonia at 72 hours after antibiotic discontinuation.
Moreover, microbiological responses can be classified into
four categories: eradication (absence of the baseline patho-
gen in the final culture of specimens), colonization (per-
sistence of the baseline pathogen but clinically cured), fail-
ure (persistence of the baseline pathogen and not clinically
cured), and recurrence (regrowth of the baseline pathogen
irrespective of the clinical outcome) [9].

To assess the prognostic factors of NIAP, the study pop-
ulation was classified into treatment success and failure
groups. Patients with clinical cure were classified into the
treatment success group, and those with clinical failure or
recurrence were classified into the treatment failure group
(Fig. 1).

RESULTS
Baseline characteristics of NIAP and compari-

son of treatment failure and success groups
During the study period, a total of 206,372 patients were
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hospitalized and 526 of them were screened for HAP/VAP
(2.54/1,000 patients). Of these, 147 were diagnosed with
HAP/VAP in the ICU ('ICU-acquired pneumonia’) and 379
in the general ward (NIAP). The baseline characteristics of
the NIAP are presented in Table 1. Among the patients with
NIAP, 267 (70.4%) were men, with a median age of 71.0 £
12.6 years. The median sequential organ failure assessment
(SOFA) score and Charlson comorbidity index (CCl) were 4.0
+ 3.3 and 5.0 £ 2.6, respectively. Solid malignant tumors
(42.0%), diabetes (29.6%), and chronic neurological dis-
ease (25.6%) were the most common comorbidities. Over-
all, 52.5% of patients with NIAP had aspiration risk factors.
Sepsis and septic shock were identified in 57.8% and 6.6%
of patients, respectively. The proportion of prior intravenous
antibiotic use within 90 days was 68.6%.

Comorbidities such asimmunocompromised state (10.1%
vs. 3.1%, p = 0.005), hematological malignancies (18.5%
vs. 5.4%, p < 0.001), and risk of aspiration (60.5% vs.
48.8%, p = 0.035) were more common in the treatment
failure group than in the treatment success group. Sepsis
(72.3% vs. 51.2%, p < 0.001) and septic shock (12.6% vs.
3.8%, p =0.001) were also more common in the treatment
failure group. The proportion of prior intravenous antibiotic
use within 90 days (77.3% vs. 65.6%, p = 0.022) was sig-
nificantly higher in the treatment failure group than in the
treatment success group. The most common reasons for ad-
mission were medical disease treatment (58.8%), followed
by elective surgery (22.7%).

Identified microbiologic pattern in NIAP

The microbial patterns identified are listed in Table 2. Over-
all, the most common pathogens were Pseudomonas aeru-
ginosa (n = 25), followed by Acinetobacter baumannii (n =
23), Klebsiella pneumoniae (n = 21), and Staphylococcus au-
reus (n = 14). The identified rates of K. pneumoniae (9.2%
vs. 3.8%, p = 0.033) and A. baumannii (10.9% vs. 3.8%,
p = 0.007) were significantly higher in the treatment failure
group than in the treatment success group. Among patients
with NIAP, causative bacteria were identified in 113 patients,
and MDR pathogens were identified in 69. The MDR patho-
gens were identified in the order of Acinetobacter species
(n=21), P. aeruginosa (n = 19), Enterobacteriaceae species
(n=18), S. aureus (n = 11), and Enterococcus species (n =
3). A total of 22 cases of seven viruses were detected in 20
patients with NIAP. The detection rate of respiratory virus-
es using polymerase chain reaction (PCR) was significantly
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higher in the treatment failure group than in the treatment
success group (10.1% vs. 3.1%, p = 0.005).

Treatment of NIAP

The initial empirical antibiotics used for the treatment of
NIAP are shown in Table 3. Overall, the initial antibiotic
strategy varied with monotherapy (n = 192, 50.7%), dual
combination therapy (n = 161, 42.5%), and triple combina-
tion therapy (n = 21, 5.5%). The proportion of monothera-
py was not significantly different between the two groups
(44.5% vs. 53.5%, p = 0.107), and beta-lactams were the
most preferred agents (92.2%). The use of dual combina-
tion therapy was also not significantly different between the
two groups (43.7% vs. 41.9%, p = 0.746). Among the dual
combination therapies, a combination of beta-lactams and
fluoroquinolones was most often used (70.8%). Triple com-
bination therapy was used significantly more often in the
treatment failure group than in the treatment success group
(9.2% vs. 3.8%, p = 0.033). Whether initial empiric anti-
biotics were appropriate could be determined only in 102
patients with NIAP. The use of initial empiric antibiotics was
appropriate in 57 of 102 patients (55.9%). There was no
correlation between the appropriateness of initial antibiotics
and clinical outcomes. The antibiotic change rate accord-
ing to the antimicrobial susceptibility test was significantly
higher in the treatment failure group than in the treatment
success group (42.9% vs. 31.2%, p = 0.026). Although not
statistically significant, the treatment failure group had a
higher rate of antibiotic escalation than the treatment suc-
cess group (63.5% vs. 51.9%, p = 0.188). The number of
patients who used adjunctive steroids for the treatment of
NIAP in both groups was 63 (16.6%). The use of adjunctive
corticosteroids was significantly higher in the treatment fail-
ure group than in the treatment success group (24.4% vs.
13.1%, p = 0.006).

Clinical outcome of NIAP

The microbiological response to NIAP treatment was ob-
served in 93 patients (Table 4). Among these, microbiolog-
ical eradication, colonization, failure, and recurrence were
observed in 56 (60.2%), seven (7.5%), 29 (31.2%), and one
(1.1%) patients, respectively. Of all patients with NIAP, 276
(72.8%) were discharged from the hospital. Among them,
only 170 (61.6%) were discharged to return home, and
106 (38.4%) were transferred to other hospitals or facilities.
During hospitalization, 107 (28.2%) patients required addi
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Table 1. Baseline characteristics of patients with treatment failure and success groups in NIAP

Variable Overall Treatment failure Treatment success
(n =379) (n=119) (n = 260)
Age, yr 71.0+12.6 72.0 £ 131 705+ 12.3
Male sex 267 (70.4) 84 (70.6) 183 (70.4)
BMI, kg/m2 219+38 219+37 219+39
Initial SOFA score 40+33 5.7 £ 3.5¢ 32+28
Charlson comorbidity index 50£26 5.6 +2.3° 4.7 £2.6
Comorbidities
Cardiovascular disease 65 (17.2) 19 (16.0) 46 (17.7)
Chronic lung disease 63 (16.6) 19 (16.0) (16 9)
Chronic neurological disease 97 (25.6) 33(27.7) 4 (24.6)
Chronic kidney disease 47 (12.4) 18 (15.1) 9(11.2)
Chronic liver disease 21 (5.5) 6 (5.0) ( 8)
Diabetes mellitus 112 (29.6) 32 (26.9) 80 (30.8)
Connective tissue disease 6(1.6) 201.7) 4 (1.5)
Immunocompromisedd 20 (5.3) 12 (10.1) 8 (3.1)P
Hematological malignancies 36 (9.5) 22 (18.5) 4 (5.4)°
Solid malignant tumors 159 (42.0) 55 (46.2) 104 (40.0)
High-dose or long-term corticosteroid use® 22 (5.8) 19.2) 14.2)
Presence of artificial airway' 41 (10.8) 8(6.7) 3(12.7)
Risk of aspiration? 199 (52.5) 72 (60.5) 127 (48 8)?
Sepsis 219 (57.8) 86 (72.3) 133 (51.2)¢
Septic shock 25 (6.6) 5(12.6) 0(3.8)P
Prior IV antibiotics use within 90 days 260 (68.6) 92 (77.3) 168 (65.6)°
Reason for admission®
Medical for diagnostic work up 42 (11.1) 11 (9.2) 31 (11.9)
Medical disease treatment 223 (58.8) 86 (72.3) 137 (52.7)
Surgical for elective operation 86 (22.7) 13 (10.9) 73 (28.1)
Surgical for emergency operation 18 (4.7) 5(4.2) 13 (5.0)
Surgical for other reasons than operation 10 (2.6) 4 (3.4) 6 (2.3)

Values are presented as meanzxstandard deviation or number (%).

BMI, body mass index; SOFA, sequential organ failure assessment; IV, intravenous.

p value was less than 0.05.

bo value was less than 0.01.

p value was less than 0.001.

dHuman immunodeficiency virus-infected patients with CD4 counts less than 200 cells/mm?, neutrophils less than 1,000/mm?3, or
patients taking immunosuppressive drugs after organ transplantation.

€Prednisone, or equivalent 20 mg/day taken at least 2 weeks.

fTracheostomy tube, tracheal tube, and others.

9Impaired swallowing (esophageal disease, neurologic disease, recent extubation), impaired consciousness, increased chance of
gastric contents reaching the lung (reflux, tubal feeding) and impaired cough reflex (medications, stroke, dementia).
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Table 2. Identified microbiologic pattern in non-1CU-acquired pneumonia

Gl paitiezeEs Overall Treatment failure Treatment success
(n =379) (n=119) (n = 260)
Unknown 248 (65.4) 61 (51.3) 187 (71.9)
Bacteria 113 (29.8) 49 (41.2) 64 (24.6)°
Enterobacteriaceae® 44 (11.6) 20 (16.8) 24 (9.2)
Escherichia coli 6 (1.6) 3(2.5) 3(1.2)
Klebsiella pneumoniae 21 (5.5) 11(9.2) 10 (3.8)°
MDR Enterobacteriaceae 18 (4.7) 7 (5.9) 11 4.2)
Acinetobacter baumannii 23(6.1) 13(10.9) 10 (3.8)°
MDR Acinetobacter spp. 21 (5.5) 11 (9.2) 10 (3.8)°
Pseudomonas aeruginosa 25 (6.6) 7 (5.9) 18 (6.9)
MDR P. aeruginosa 19 (5.0) 6 (5.0) 13 (5.0)
Staphylococcus aureus 14 (3.7) 5(4.2) 9(3.5)
MRSA 11 (2.9) 4(3.4) 72.7)
Enterococcus spp. 4(1.1) 2(1.7) 2(0.8)
MDR Enterococcus spp. 3(0.8) 1(0.8) 2(0.8)
Other bacteria® 27 (7.1) 8(6.7) 19(7.3)
Polymicrobial infection 19 (5.0) 4 (3.4) 15 (5.8)
Detection of RV by PCR 20 (5.3) 12 (10.1) 8(3.1)P°
Parainfluenza virus 8 (2.1) 5(4.2) 3(1.2)
Human coronavirus OC43 2 (0.5) 1(0.8) 1(0.4)
Influenza A virus 3(0.8) 1(0.8) 2(0.8)
Adenovirus 3(0.8) 2(1.7) 1(0.4)
Respiratory syncytial virus 2 (0.5) 1(0.8) 1(0.4)
Rhinovirus 3(0.8) 3(2.5) 0?
Human bocavirus 1(0.3) 0 (0.4)
Serologic tests for atypical pathogens 7(1.8) 5(4.2) 2(0.8)
Cytomegalovirus 1(0.3) 1(0.8)
Aspergillus spp. 2(0.5) 1(0.8) 1(0.4)
Mycoplasma pneumoniae 1(0.3) 1(0.8) 0
Pneumocystis jirovecii 3(0.8) 2(1.7) 1(0.4)

Values are presented as number (%). MDR pathogens are defined as microorganisms that are resistant to agents from three or
more antimicrobial categories.

ICU, intensive care unit; MDR, multi-drug resistant; MRSA, methicillin-resistant Staphylococcus aureus; RV, respiratory virus; PCR,
polymerase chain reaction.

ap value was less than 0.05.

bp value was less than 0.01.

“p value was less than 0.001.

dSuch as Escherichia coli, Yersinia pestis, Klebsiella spp., Shigella spp., Proteus spp., Enterobacter spp., Serratia spp., and Citrobacter
spp.

€Such as Moraxella catarrhalis, Burkholderia cepacia, Listeria monocytogenes, Streptococcus pneumoniae, Streptococcus pyogenes,
Streptococcus agalactiae, Streptococcus anginosus, Streptococcus mitis, coagulase-negative Staphylococcus, Stenotrophomonas
maltophilia, Rothia mucilaginosa.
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Table 3. Comparison of treatment between two groups in NIAP

55 sl e s for AR Overall Treatment failure Treatment success
(n=379) (n=119) (n = 260)
Monotherapy 192 (50.7) 53 (44.5) 139 (53.5)
B-lactam antibiotics 177 (46.7) 50 (42.0) 127 (48.8)
Fluoroguinolones 6 (1.6) 0 6 (1.6)
Glycopeptides 1(0.3) 0 1(0.4)
Aminoglycosides 2 (0.5) 0 2(0.8)
Miscellaneous 6 (1.6) 3(2.5) 3(1.2)
Dual combination therapy 161 (42.5) 52 (43.7) 109 (41.9)
B-lactam + Fluoroquinolones 114 (30.1) 29 (24.4) 85(32.7)
B-lactam + Glycopeptides 28(7.4) 13 (10.9) 5(5.8)
B-lactam + Aminoglycosides 5(1.3) 3(2.5) 2(0.8)
B-lactam + Nitroimidazoles 5(1.3) 3(2.5) 2(0.8)
B-lactam + Macrolides 7 (1.8) 2(1.7) 5(1.9)
Miscellaneous 4(1.1) 2(1.7) 2(0.8)
Triple combination therapy 1(5.5) 11 (9.2 10 (3.8)
B-lactam + Fluoroquinolones + Glycopeptides 0(2.6) 6 (5.0) 4(1.5)
B-lactam + Fluoroquinolones + Nitroimidazoles 2 (0.5) 1(0.8) 1(0.4)
B-lactam + Aminoglycosides + Glycopeptides 1(0.3) 1(0.8) 0
B-lactam + Aminoglycosides + Nitroimidazoles 1(0.3) 0 1(0.4)
Miscellaneous 7(1.8) 3(2.5) 4(1.5)
Duration of antibiotics, day 2 (7-24) 10 (5-25) 12 (7-22)
Adequacy of initial antibiotics® 7 (55.9) 25 (55.6) 32 (56.1)
Change of antibiotics after pathogen confirm 132 (34.8) 51 (42.9) 81(31.2)
Escalation of antibiotics 75 (56.4) 33 (63.5) 42 (51.9)
De-escalation of antibiotics 24 (18.0) 6 (11.5) 8(22.2)
Adjunctive corticosteroid treatment 63 (16.6) 29 (24.4) 34 (13.1)P

Values are presented as number (%) or median (interquartile range).

NIAP, non-ICU-acquired pneumonia.
p value was less than 0.05.
bp value was less than 0.01.

“Only 102 patients of all NIAP patients (treatment failure 45; treatment success 57) could determine whether initial empiric antibi-

otics were adequate.

tional intensive care for HAP.

Predictors of treatment failure in NIAP

Binary logistic regression analysis was performed to veri-
fy the predictors of treatment failure (Table 5). According
to the multivariate logistic regression analysis, SOFA score
(odds ratio [OR], 1.24; 95% confidence interval [C], 1.14 to
1.34; p < 0.001), CCI(OR, 1.12; 95% Cl, 1.00 to 1.24; p =

806 www.kjim.org

0.036), identification of K. pneumoniae (OR, 3.50; 95% Cl,
1.35 10 9.05; p = 0.010), detection of respiratory viruses by
PCR (OR, 3.81; 95% Cl, 1.34 to 10.82; p = 0.012), hema-
tological malignancies (OR, 3.54; 95% Cl, 1.57 t0 8.00; p =
0.002), and adjunctive corticosteroid treatment (OR, 2.40;
95% Cl, 1.27 to 4.52; p = 0.007) were independently asso-
ciated with treatment failure.
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Table 4. Clinical outcome of non-ICU-acquired pneumonia
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Variable Overall Treatment failure Treatment success
(n=379) (n=119) (n = 260)
Microbiologic response®
Fradication 56 (14.8) 15 (35.7) 41 (80.4)°
Colonization® 7(1.8) 0 7(13.7)
Failure’ 29(7.7) 26 (61.9) 3(5.9P
Recurrence? 1(2.6) 1(2.4) 0
Hospital length of stay, day 29 (17-51) 32 (18-63) 28 (16-47)
Additional ICU admission associated with HAP 107 (28.2) 60 (50.4) 47 (18.1)P
Survival discharge 276 (72.8) 25 (21.0) 251 (96.5)P
Home discharge 170 (44.9) 6 (24.0) 164 (65.3)°
Step down referral 97 (25.6) 16 (64.0) 81 (32.3)
Step up referral 9(2.4) 3(12.0) 6(2.4)

Values are presented as number (%) or median (interquartile range).

ICU, intensive care unit; HAP, hospital-acquired pneumonia.
ap value was less than 0.05.
®p value was less than 0.001.

“Microbiologic response was revealed in only 93 of the study population (treatment failure 15; treatment success 41).
dAbsence of the baseline pathogen in the final culture of specimens during hospitalization.

®Persistence of the baseline pathogen but clinically cured or fnot clinically cured.

9Regrowth of the baseline pathogen irrespective of clinical outcome.

DISCUSSION

This study focused on the clinical and microbiological char-
acteristics, treatment, and outcomes of patients with NIAP
in Korea. Most of the patients were elderly, over half pre-
sented with sepsis, and approximately half had comorbidi-
ties. Overall, 72.8% of patients were discharged alive, and
only 44.9% were discharged to return home. In microbi-
ology, 34.6% of the study population identified the etio-
logic organisms, and MDR gram-negative bacilli were com-
mon pathogens, such as P. aeruginosa, A. baumannii, and
K. pneumoniae. The treatment success rate of NIAP was
68.6% in the study population, and treatment failure was
significantly associated with the identification of K. pneu-
moniae, respiratory viruses, hematological malignancies,
and adjunctive corticosteroid treatment. The most com-
monly used empiric antibiotics were beta-lactam antibiot-
ics (92.2%) for monotherapy and beta-lactam plus fluoro-
quinolones (70.8%) for combination therapy.

This study presents meaningful data on NIAP, which has
not been fully addressed in Korea or worldwide. First, the
causative pathogens of pneumonia in a non-ICU environ-
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ment in Korea are quite different from those in other coun-
tries, and have a high rate of multidrug resistance [4,5,10].
Sopena et al. [4] reported that among 119 patients with
NIAP in Spain, the causative pathogens were identified in
the order of Streptococcus pneumoniae (13%), Enterobac-
teriaceae species (8%), P. aeruginosa (3%), and methicil-
lin-resistant S. aureus (MRSA) (3%). In a retrospective study
conducted in Korea, 162 neurologic patients were diag-
nosed with NIAP, with S. aureus (35.8%), K. pneumoniae
(26.5%), A. baumannii (13.0%), P. aeruginosa (14.8%), S.
pneumoniae (9.3%), and E. aerogenes (6.8%) [11]. In this
study, the proportion of gram-negative bacteria (80.5%)
was higher than that of gram-positive bacteria (25.7%).
The most frequently identified pathogens were P. aerugino-
sa (22.1%), followed by A. baumannii (20.4%), K. pneumo-
niae (18.6%), and S. aureus (12.4%). Most of the patients
were MDR. The multidrug resistance rates of A. baumanii,
P. aeruginosa, S. aureus, and K. pneumoniae were 91.3%,
76.0%, 78.6%, and 57.1%, respectively. Given the exclu-
sion of ICU-acquired pneumonia or VAP, this is an excep-
tional result. This implies that the causative pathogens of
NIAP in Korea are not different from ICU-acquired pneumo-
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Table 5. Binary logistic regression of predictors for treatment failure in non-ICU-acquired pneumonia

Univariate analysis

Multivariate analysis

Variable
R (95% Cl) p value OR (95% Cl) p value

Initial SOFA score 1.27 (1.18-1.36) < 0.001 1.24 (1.14-1.34) < 0.001
CCl 1.15 (1.05-1.25) 0.002 1.12 (1.00-1.24) 0.036
Immunocompromised? 3.53 (1.40-8.89) 0.007

Hematologic malignancies 3.99 (1.96-8.11) < 0.001 3.54 (1.57-8.00) 0.002
Risk of aspirationb 1.60 (1.03-2.49) 0.036

Prior IV antibiotics use within 90 days 1.79 (1.08-2.94) 0.023

Sepsis 2.49 (1.56-4.00) < 0.001

Septic shock 3.61(1.57-8.29) 0.003

Klebsiella pneumoniae 2.55 (1.05-6.17) 0.039 3.50(1.35-9.05) 0.010
Acinetobacter baumannii 3.07 (1.30-7.21) 0.010

Enterobacteiaceae spp.© 2.00(1.05-3.76) 0.035

Detection of RV by PCR 3.53 (1.40-8.89) 0.007 3.81(1.34-10.82) 0.012
Triple combination therapy 2.55(1.05-6.17) 0.039

Adjunctive corticosteroids treatment 2.14(1.23-3.72) 0.007 2.40 (1.27-4.52) 0.007

ICU, intensive care unit; OR, odds ratio; Cl, confidence interval; SOFA, sequential organ failure assessment; CCl, Charlson comor-
bidity index; IV, intravenous; RV, respiratory virus; PCR, polymerase chain reaction.

@Human immunodeficiency virus-infected patients with CD4 counts less than 200 cells/mm?, neutrophils less than 1,000/mm?3, or
patients taking immunosuppressive drugs after organ transplantation.

bImpaired swallowing (esophageal disease, neurologic disease, recent extubation), impaired consciousness, increased chance of
gastric contents reaching the lung (reflux, tubal feeding) and impaired cough reflex (medications, stroke, dementia).

“Escherichia coli, Yersinia pestis, Klebsiella spp., Shigella spp., and Proteus spp. Enterobacter spp., Serratia spp., and Citrobacter spp.
dHuman parainfluenza virus, human bocavirus, rhinovirus, influenza A virus, respiratory syncytial virus, adenovirus and human

coronavirus OC43.

nia or VAP [12].

According to the ATS/IDA guidelines revised in 2016, pa-
tients with suspected HAP (non-VAP) were recommended
empiric antibiotic regimens based on the local distribution of
pathogens associated with HAP and their antimicrobial sus-
ceptibilities [6]. Antimicrobial regimens with activity against
S. aureus and P. aeruginosa should always be considered
in patients with clinical suspicion [13]. However, this study
indicated that real-world practice in NIAP might be quite
different from the guidelines. Although a high percentage
of MDR pathogens were identified, monotherapy was pre-
ferred in 50.7% of patients with NIAP rather than anti-pseu-
domonal dual combination therapy (31.4%) or glycopep-
tides (10.6%) as the initial empiric antibiotics. Multivariate
analysis showed that the identification of K. pneumoniae,
detection of respiratory viruses by PCR, and hematological
malignancies were predictors of treatment failure.
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In a retrospective study conducted in Taiwan, the 28-day
mortality rate of HAP caused by K. pneumoniae was 39.6%
[14]. This high mortality rate was elucidated by the high
percentage of MDR pathogens (49.3%) and the high num-
ber of identified hypervirulent strains (41%). In the pres-
ent study, the MDR rate of K. pneumoniae was also high
(57.1%), which is related to treatment failure.

The identification of respiratory viruses was also a predic-
tor of treatment failure. Of the 20 patients from whom the
viruses were identified, six were co-infected with bacteria.
Treatment failure was observed in five of the six co-infect-
ed patients. In other studies of hospitalized patients with
CAP, viral and bacterial co-infections were associated with
prolonged hospital stay and increased mortality [15,16].
Further studies are needed to determine whether the poor
prognosis of viral infection is related to co-infection or viral
virulence alone.
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This current study has several limitations. First, this study
had a retrospective design and may have been biased. Sec-
ond, due to the short study period of 6 months, long-term
results, such as mortality, were not fully evaluated. Third,
semi-quantitative or quantitative culture methods were
not uniformly performed in all patients, so the identified
pathogens were not fully confirmed as the true pathogens.
However, only the results of cultures collected within 2 days
before or after antibiotic treatment were recorded, unless
they were deemed to be colonizers or contaminants by the
managing physicians. So far, little is known about the clin-
ical significance of NIAP and the current status of clinical
practice. In this sense, this study with a relatively large num-
ber of patients collected from multiple centers provides the
basis for a new concept of NIAP, and is important for provid-
ing evidence on whether the current therapeutic approach
is appropriate.

In summary, this is one of the few studies on the micro-
biological patterns and clinical outcomes of NIAP. The caus-
ative pathogens of NIAP in Korea were not different from
those of ICU-acquired pneumonia or VAP, and the MDR
pathogens accounted for 61.1%. The compliance with the
guidelines for the selection of initial antibiotics was inad-
equate. The treatment failure of NIAP was related to the
identification of K. pneumoniae, respiratory viruses, and
comorbid conditions. The definition and epidemiologic and
microbiologic data on NIAP should be clarified through fur-
ther investigation.

KEY MESSAGE

1. The causative pathogens of non-intensive care unit
(ICU)-acquired pneumonia in Korea were not dif-
ferent from those of ICU-acquired pneumonia, and
the proportion of multidrug-resistant was as high
as 61.1%.

2. The treatment failure of non-ICU-acquired pneu-
monia was related to identification of Klebsiella
pheumoniae, respiratory viruses, comorbid condi-
tions and disease severity.
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