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Bacterial etiology and mortality
rate in community-acquired
pneumonia, healthcare-associated
pneumonia and hospital-acquired
pneumonia in Thai university
hospital
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Pneumonia is caused by infection at the pulmonary parenchyma which constitutes a crucial risk
factor for morbidity and mortality. We aimed to determine the mortality rate and its risk factors as
well as etiology among inpatients with community-acquired pneumonia (CAP), hospital-acquired
pneumonia (HAP) and healthcare-associated pneumonia (HCAP). A hospital-based retrospective
cohort study was conducted in a university hospital located in Bangkok, Thailand. A total of 250
inpatients with pneumonia was included in the present study. The inhospital mortality rate was 1.25
(95% Cl1 0.99-1.56) per 100 person-days. The present study reported that overall pneumonia caused
by gram-negative pathogens accounted for 60.5%. P. aeruginosa was a frequent gram-negative
pathogen among these participants, especially among patients with HCAP and HAP. Adjusted hazard
ratio (AHR) of inhospital mortality among patients with HAP was 1.75 (95% CI 1.01-3.03) times that of
those among patients with CAP, while AHR for 28-day mortality among patients with HAP compared
with those with CAP was 2.81 (95% Cl 1.38-5.75). Individual risks factors including cardiomyopathy,
active-smoker and insulin use were potential risk factors for mortality. Initial qSSOFA and acid-based
disturbance should be assessed to improve proper management and outcomes.

Abbreviations

CAP Community Acquired Pneumonia
HCAP Healthcare Associated Pneumonia
HAP Hospital Acquired Pneumonia
HAI Healthcare Associated Infections

CURB-65  New onset Confusion, blood urea nitrogen > 7 mmol/L (19 mg/dL), respiratory rate > 30/
minute, systolic blood pressure < 90 mmHg or diastolic blood pressure <60 mmHg and age >

65 years
AHR Adjusted Hazard Ratio
95% CI 95% Confidence Interval
SIRS Systemic Inflammatory Response Syndrome
qSOFA Quick Sequential Organ Failure Assessment
PD Parkinson’s Disease

COVID-19 Coronavirus Disease 2019

Pneumonia is usually caused by bacterial or viral infection at the pulmonary parenchyma which constitutes a
crucial risk for morbidity and mortality worldwide!?. Community-Acquired Pneumonia (CAP) is one of the
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most common acute infections diagnosed and treated in clinical practice**. In the US, the incidence of CAP
in populations was 16 to 23 per 1000 person-years, and the major of those involved elderly people; moreover,
patients with CAP required hospital admission approximately 5-7 per 1000 person-years>~. In 2019, the Bureau
of Epidemiology, Department of Disease Control in Thailand reported that the incidence of pneumonia was 388
per 100,000 populations while the mortality rate was 0.26 per 100,000 populations. However, as the incidence of
pneumonia increased, the mortality rate tended to decrease when compared with that reported in the last decade®.

At present, pneumonia is categorized by the condition that the disease occurred to appropriate manage-
ment initially. CAP is pneumonia caused by an infection outside the hospital while nosocomial pneumonia
is caused by an infection after hospital admission at least 48 h and is divided in two groups, i.e., (1) hospital-
acquired pneumonia (HAP) and (2) ventilator-associated pneumonia (VAP) caused by infection after at least
48 h of intubation?. In addition, a specific pneumonia category occurs among patients receiving care services
like healthcare-associated pneumonia (HCAP), including patients hospitalized in an acute care hospital for two
or more days within 90 days of the infection, residing in a long-term care facility, receiving recent intravenous
antibiotic therapy, chemotherapy within the past 30 days or in the hemodialysis clinic®. Patients with HCAP,
separated from the other pneumonia categories, may gain an advantage in the case of different causative patho-
gens and antimicrobial resistance profiles. However, the initial management for HCAP is currently comparable
with those for CAP or HAP.

In 2019, the guidelines of the American Thoracic Society (ATS) and Infectious Diseases Society of America
(IDSA) recommended that no severe CAP among adults who may have risk factors of Methicillin-resistant Staph-
ylococcus aureus (MRSA) or P, aeruginosa, but without prior isolation, should be treated with CAP regimens and
the HCAP entity remains unmentioned. Providing extended-spectrum antibiotic therapy instead of standard
CAP regimens and obtaining the culture data will be contributed in severe-CAP’. However, when the epidemi-
ology of hospital-acquired infection indicated that it had been caused by antimicrobial resistant pathogens or
P. aeruginosa, the extended-spectrum antibiotic therapy will be administrated for patients without severe-CAP.

In Thailand, the epidemiology of pathogens differs from that in the US in that no significant evidence exists
of community MRSA, but rather, the high incidence of antimicrobial-resistant gram-negative infections'’. There-
fore, the present clinical practice guidelines of the ATS and IDSA may not be fully competent regarding clinical
practices in Thailand. We hypothesized that, in CAP, HCAP and HAP, those gram-negative bacteria may dif-
fer regarding species as well as antimicrobial resistance patterns. To date, Thai clinical practice guidelines are
unavailable to manage pneumonia. The investigators aimed to determine the mortality rate and epidemiology
of pathogens among inpatients with CAP, HCAP and HAP in a tertiary medical center to be advantageous for
appropriate treatment. Furthermore, we aimed to identify the risk factors for inhospital and 28-day mortality to
improve quality of care and rational drug use.

Methods

Study design and subjects. A hospital-based retrospective cohort study was conducted at Phramong-
kutklao Hospital, a university hospital located in Bangkok, Thailand. The eligible criteria of participants com-
prised patients aged > 18 years receiving a diagnosis of pneumonia and admitted at Phramongkutklao Hospital
between January 1, 2015 and December 31, 2019. Pneumonia was determined according to the International
Classification of Diseases, Tenth Revision codes (ICD-10) in J12-J18 presented in medical records'!. Pneumonia
was categorized in three groups including (1) CAP, (2) HCAP and (3) HAP. According to guidelines for the
management of adults with pneumonia documented by the American Thoracic Society?, CAP was defined as
pneumonia acquired outside of health care settings>* while HCAP included any patient hospitalized in an acute
care hospital for two or more days within 90 days of the infection, residing in a long term care facility or a nurs-
ing home, receiving recent intravenous antibiotic therapy, chemotherapy, or wound care within the past 30 days
of the current infection or attending a hospital or hemodialysis clinic'?"'* HAP was defined as pneumonia occur-
ring 48 h or more after admission, which was not intubated at the time of admission'*'°. Patients receiving
immunosuppressive drugs, including cytotoxic agents or a corticosteroid that was equivalent to more than 1 mg/
kg/day of prednisolone for more than one month were excluded. The other exclusion criteria consisted of (1)
having a history of a bone marrow or organ transplant, (2) having a history of cancer, (3) living with HIV or (4)
pregnancy during admission.

Data collection. In all, 250 inpatients with pneumonia were included in this study. Patient information was
reviewed and retrieved by the internist. A standardized case report form was used to collect data of individu-
als from medical records, including demographic data, history of hospital admission, comorbidities, clinical
signs, laboratory and radiologic findings, the process of care, microbiological etiology, and mortality outcome.
The microbiological etiology data was collected based on the results of bacterial culture and polymerase chain
reaction testing (if available, for respiratory virus) of respiratory specimens (sputum, tracheal aspirates, naso-
pharyngeal swab). According to the validation study of a practical severity assessment model for stratifying
adults hospitalized with CAP and the CURB-65 score, we categorized age variables in four categories, i.e., (1)
age <65 years, (2) 65 to 74 years, (3) 75 to 84 years and (4) > 85 years'®. Systemic Inflammatory Response Syn-
drome (SIRS) was defined by the satisfaction of any two of the following criteria: (1) body temperature > 38
or <36 degrees Celsius, (2) respiratory rate>20 breaths per minute or partial pressure of CO, <32 mmHg, (3)
pulse rate>90 beats per minute and (4) leucocyte count> 12,000 or <4000 /microliters or over 10% immature
forms or bands.

The Quick Sequential (sepsis-related) Organ Failure Assessment (QSOFA) criteria, according to the Third
International Consensus Definitions for Sepsis and Septic Shock included (1) respiratory rate > 22 breaths/
min, (2) altered mental status and (3) systolic blood pressure (BP) < 100 mmHg'®. Mean arterial pressure was
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calculated using diastolic BP + 1/3(systolic BP-diastolic BP), and pulse pressure was calculated using systolic BP
minus diastolic BP*.

Ethics considerations. The study was reviewed and approved by the Institutional Review Board, Royal
Thai Army Medical Department in compliance with international guidelines such as the Declaration of Hel-
sinki, the Belmont Report, CIOMS Guidelines and the International Conference on Harmonization of Techni-
cal Requirements for Registration of Pharmaceuticals for Human Use—Good Clinical Practice (ICH-GCP),
approval number R062h/63_Exp. Due to the retrospective cohort study design, a waiver of documentation of
informed consent was used, and the waiver for informed consent was granted by the Institutional Review Board,
Royal Thai Army Medical Department.

Statistical analysis. All analyses were conducted using StataCorp, 2021, Stata Statistical Software: Release
17, College Station, TX, USA: StataCorp LLC, and IBM Corp. Released 2020. IBM SPSS Software for Windows,
Version 27.0. Armonk, NY: IBM Corp. Baseline characteristics were analyzed using descriptive statistics. Cat-
egorical data were presented as percentages while mean and standard deviation (SD) were used for continuous
data. The Chi-square test was used to compare the difference of categorical variables by pneumonia categories
while continuous data were compared using ANOVA. For inhospital mortality, the person-times of observations
of the participants were calculated as the duration between the date of pneumonia diagnosis and death date or
date of discharge from hospital, whichever occurred first. In terms of 28-day mortality, the participants would be
followed to the death date within 28 days, those patients who remained alive were right-censored on the 28™ day
after the date of pneumonia diagnosis. The mortality rates per 100 person-days and 95% confidence interval (CI)
for inhospital mortality and 28-day mortality were presented. The Kaplan-Meier estimator was used to compute
survival patterns, and the log rank test was used to compare survival between pneumonia categories. Univari-
able and multivariable cox regression analysis were used to determine risk factors for inhospital mortality and
28-day mortality. Crude hazard ratio and adjusted hazard ratios (AHR) were presented with a 95% CI. A p-value
less than 0.05 was considered statistically significant.

Results

Baseline characteristics of participants. A total of 250 inpatients with pneumonia was included in
the present study. In all, 146 (58.4%) participants were males. The proportion of inpatients with CAP, HAP and
HCAP was 46.4, 27.6 and 26.0%, respectively. The average age of participants with CAP, HCAP and HAP were
70.7 £20.0 years, 79.6+ 11.7 years and 79.0 £ 13.6 years, respectively (p-value <0.001). Of 250, 174 (69.6%) par-
ticipants were married. In terms of health schemes, most participants were under the universal health coverage
scheme accounting for 70.4%. The patients who needed invasive mechanical ventilation totaled 48.3, 52.2 and
66.2% among patients with CAP, HCAP and HAP, respectively (p-value=0.064). Comorbidities, clinical signs
and laboratory and radiologic findings of participants at baseline are presented in Table 1.

Bacterial etiology in CAP, HCAP and HAP. The microbiologic etiology of pneumonia is presented in
Table 2. In all, 177 (70.8%) participants submitted sputum cultures, and 118 (66.7%) of those tested positive.
The present study reported that overall pneumonia caused by gram-negative pathogens accounted for 60.5%. P.
aeruginosa was a frequent gram-negative pathogen among these participants, especially for patients with HCAP
and HAP. P. aeruginosa was the causative agent in 10.9% in CAP, 26.3% in HCAP and 26.8% in HAP (p-value
CAP vs. HCAP and CAP vs. HAP <0.05). Additionally, we found that 49.2% of patients with pneumonia submit-
ting sputum cultures were caused by drug-resistant pathogens. Methicillin-resistant Staphylococcus aureus was
found in CAP, HCAP and HAP accounting for 1.6, 3.5 and 12.5%, respectively (p-value CAP vs. HAP <0.05).
Klebsiella pneumoniae ESBL/MDR was the causative agent in CAP, HAP and HCAP comprising 0, 7.0 and 10.7%,
respectively (p-value CAP vs. HCAP and CAP vs. HAP <0.05). No difference was found in the proportion of
Escherichia coli ESBL/MDR found in CAP, HAP and HCAP. Acinetobacter baumannii MDR was found at 0, 10.5
and 17.9% in CAP, HCAP and HAP, respectively (p-value CAP vs. HCAP and CAP vs HAP <0.05).

Mortality rate amonginpatients with pneumonia. Interms of inhospital mortality, the overall median
survival time was 44.0 days (95% CI 34.7-53.3). The median survival time of patients with CAP, HCAP and HAP
was 39.0 days (95% CI 28.0-50.0), 63.0 days (95% CI 40.2-85.8) and 33.0 days (95% CI 20.7-45.3), respectively.
Figure 1 illustrates the Kaplan-Meier graph of inhospital mortality by pneumonia category (p-value=0.051). A
total of 78 (31.2%) inpatients died in hospital, representing an inhospital mortality rate of 1.25 (95% CI 0.99-
1.56) per 100 person-days. Among patients with CAP, the inhospital mortality rate was 1.29 (95% CI 0.84-1.89)
per 100 person-days and 0.88 (95% CI 0.50-1.43) per 100 person-days among those with HCAP. The inhospital
mortality rate among patients with HAP was 1.48 (95% CI 1.04-2.05) per 100 person-days.

Figure 2 illustrates the Kaplan-Meier graph of 28-day mortality by pneumonia category (p-value=0.0008). A
total of 48 (19.2%) inpatients died within 28 days, indicating a 28-day mortality rate of 1.33 (95% CI 0.98-1.77)
per 100 person-days. Among patients with CAP, the 28-day mortality rate was 1.04 (95% CI 0.57-1.74) per 100
person-days and 0.62 (95% CI 0.25-1.28) per 100 person-days among those with HCAP. The 28-day mortality
rate among patients with HAP was 2.40 (95% CI 1.58-3.49) per 100 person-days.

Risk factors for mortality among inpatients with pneumonia. Univariable cox regression analysis
for risk factors of inhospital mortality and 28-day mortality was performed and is presented in Tables 3 and 4,
respectively. Table 5 presents independent risk factors for mortality among patients with pneumonia.
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Total CAP HCAP HAP
Characteristics n (%) n (%) n (%) n (%) p-value
Overall 250 116 69 65
Male 146 (58.4) 55 (47.4) 47 (68.1) 44 (67.7) 0.005
Age (years) 0.053
<65 50 (20.0) 31(26.7) 10 (14.5) 9(13.8)
65-74 40 (16.0) 19 (16.4) 12 (17.4) 9(13.8)
75-84 84 (33.6) 42 (36.2) 21(30.4) 21(32.3)
=85 76 (30.4) 24 (20.7) 26 (37.7) 26 (40.0)
Mean +SD 75.3+17.0 70.7+20.0 79.6+11.7 79.0+£13.6 <0.001
Median (min-max) 79.5 (20.0-100.0) 77.0 (20.0-98.0) 82 (41.0-99.0) 82 (29.0-100.0)
Marital status 0.159
Married 174 (69.6) 80 (69.0) 50 (72.5) 44 (67.7)
Single 31 (12.4) 20 (17.2) 5(7.2) 6(9.2)
Widowed/divorced 45 (18.0) 16 (13.8) 14 (20.3) 15(23.1)
Health scheme 0.594
Civil Servant Medical Benefit 52 (20.8) 27 (23.3) 16 (23.2) 9(13.8)
Universal coverage 176 (70.4) 80 (69.0) 47 (68.1) 49 (75.4)
Others 22(8.8) 9(7.8) 6(8.7) 7 (10.8)
Active smoking 13 (5.2) 10 (8.6) 0(0.0) 3 (4.6) 0.037
Comorbidities
Cerebrovascular accident 88 (35.2) 25 (21.6) 37 (53.6) 26 (40) <0.001
Alzheimer’s disease 32(12.8) 13 (11.2) 14 (20.3) 5(7.7) 0.072
Parkinson’s disease 23(9.2) 9(7.8) 12 (17.4) 2(3.1) 0.013
Epilepsy 21(8.4) 3(2.6) 15(21.7) 3 (4.6) <0.001
Ischemic heart disease 47 (18.8) 23 (19.8) 12 (17.4) 12 (18.5) 0.916
Congestive heart failure 33(13.2) 9(7.8) 10 (14.5) 14 (21.5) 0.030
Cardiomyopathy 19 (7.6) 5(4.3) 8(11.6) 6(9.2) 0.165
Hypertension 184 (73.6) 78 (67.2) 56 (81.2) 50 (76.9) 0.090
Asthma 18 (7.2) 9(7.8) 6(8.7) 3(4.6) 0.627
Chronic lung disease 45 (18.0) 16 (13.8) 18 (26.1) 11 (16.9) 0.105
Cirrhosis 5(2.0) 1(0.9) 1(1.4) 3 (4.6) 0.208
Type 2 diabetes 83(33.2) 30 (25.9) 29 (42.0) 24 (36.9) 0.059
Chronic kidney disease 72 (28.8) 27 (23.3) 26 (37.7) 19 (29.2) 0.112
Dyslipidemia 144 (57.6) 59 (50.9) 50 (72.5) 35 (53.8) 0.012
Autoimmune disease 6(2.4) 2(1.7) 3(4.3) 1(1.5) 0.461
History of inhaled corticosteroid use 27 (10.8) 8(6.9) 12 (17.4) 7 (10.8) 0.084
History of insulin use 20 (8.0) 7 (6.0) 9(13.0) 4(6.2) 0.193
Clinical signs and laboratory findings
Systolic blood pressure (<90 mmHg) 27 (10.8) 7 (6.0) 8 (11.6) 12 (18.5) 0.034
Mean +SD 127.3+27.1 130.9+25.3 124.4+25.7 123.9+£30.8 0.144
Median (min-max) 128.0 (56.0-193.0) | 130.0 (82.0-193.0) | 128.0 (56.0-181.0) | 127.0 (66.0-183.0)
Diastolic blood pressure (<60 mmHg) 63 (25.2) 19 (16.4) 21(30.4) 23 (35.4) 0.009
Mean +SD 72.6+16.2 74.6+15.2 70.5+£16.2 70.7+17.5 0.150
Median (min-max) 71.0 (33.0-114.0) 73.5 (40.0-114.0) 68.0 (33.0-110.0) 70 (39.0-110.0)
Mean arterial pressure (<65 mmHg) 20 (8.0) 113 (97.4) 63 (91.3) 54 (83.1) 0.003
Mean +SD 90.7+17.8 93.3+16.1 88.4+17.3 88.4+20.6 0.094
Median (min-max) 92.2 (41.0-140.0) | 93.2(56.0-140.3) | 86.3 (40.7-123.3) | 92.0 (51.7-131.7)
Pulse pressure (mmHg)
Mean +SD 549+21.3 56.3+22.2 53.9+20.8 53.2+20.5 0.586
Median (min-max) 50.0 (10.0-127.0) | 51.5 (10.0-127.0) | 53.0 (15.0-109.0) | 50.0 (10.0-106.0)
Pulse rate (=120 bpm) 44 (17.6) 23(19.8) 18 (26.1) 14 (21.5)
Mean +SD 103.4£22.2 101.8£23.5 105.7+£20.9 103.9+21.1 0.518
Median (min-max) 100.0 (60.0-200.0) | 98.0 (61.0-200.0) 104 (60.0-160.0) 102.0 (60.0-150.0)
Respiratory rate (>30/min) 44 (17.6) 17 (14.7) 12 (17.4) 15 (23.1) 0.361
Body temperature (°C) 0.035
<36.0 5(2.0) 2(1.7) 2(2.9) 1(1.5)
Continued
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Total CAP HCAP HAP
Characteristics n (%) n (%) n (%) n (%) p-value
36.0-37.7 106 (42.4) 51 (44.0) 37 (53.6) 18 (27.7)
>37.8 139 (55.6) 63 (54.3) 30 (43.5) 46 (70.8)
Alteration of consciousness 100 (40.0) 34 (29.3) 38 (55.1) 28 (43.1) 0.002
Hemoglobin (=10 g/dL) 174 (69.6) 94 (81.0) 41 (59.4) 39 (60.0) 0.001
Sodium (= 130 mEq/L) 230 (92.0) 109 (94.0) 63 (91.3) 58 (89.2) 0.514
Bicarbonate (<15 mEq/L) 9(3.6) 3(2.6) 4(5.8) 2(3.1) 0.508
Blood urea nitrogen (>20 mg/dL) 137 (54.8) 49 (42.2) 46 (66.7) 42 (64.6) 0.001
Systemic inflammatory response 199 (79.6) 83 (71.5) 57 (82.6) 59 (90.8) 0.007
syndrome
qSOFA <0.001
0 56 (22.4) 41 (35.3) 9 (13.0) 6(9.2)
1 99 (39.6) 44 (37.9) 28 (40.6) 27 (41.5)
2 76 (30.4) 27 (23.3) 25 (36.2) 24 (36.9)
3 19 (7.6) 4(3.4) 7 (10.1) 8(12.3)
Radiological findings <0.001
Alveolar infiltration 150 (60.0) 51 (44.0) 46 (66.7) 53 (81.5)
Interstitial infiltration 80 (32.0) 58 (50.0) 15(21.7) 7 (10.8)
Lobar pneumonia 4(1.6) 2(1.7) 2(2.9) 0(0.0)
Multilobar pneumonia 9 (3.6) 5(4.3) 3(4.3) 1(1.5)
Pleural effusion 5(2.0) 0(0.0) 3(4.3) 2(3.1)
Acute respiratory distress syndrome 2(0.8) 0(0.0) 0(0.0) 2(3.1)
Process of care
Using invasive mechanical ventilation 135 (54.0) 56 (48.3) 36 (52.2) 43 (66.2) 0.064
Vasopressor medication use 57 (22.8) 20(17.2) 15 (21.7) 22(33.8) 0.037
Time to empirical antibiotics (hours) <0.001
mean+SD 6.2+9.8 5.1+8.4 58+7.7 8.4+13.2 0.088
median (min-max) 3.0 (0.3-96.0) 2.0 (0.3-52.0) 4.0 (0.5-40.0) 5.0 (0.3-96.0)
<1 62 (24.8) 43 (37.1) 13 (18.8) 6(9.2)
1-3 75 (30.0) 40 (34.5) 19 (27.5) 16 (24.6)
>3 113 (45.2) 33 (28.4) 37 (53.6) 43 (66.2)
Intensive care unit admission 69 (27.6) 34(29.3) 8(11.6) 27 (41.5) <0.001

Table 1. Baseline characteristics of participants (N =250). CAP; community-acquired pneumonia, HCAP;
healthcare-associated pneumonia, HAP; hospital-acquired pneumonia, gSOFA; quick sequential organ failure
assessment, SD; standard deviation.

After adjusting for potential confounders, the risk factors of inhospital mortality were HAP (AHR 1.75;
95% CI 1.01-3.03) compared with CAP, higher age, cardiomyopathy, history of insulin, active smoking,
qSOFA >2 and serum HCO,; <15 mEq/L. The independent risk factors for 28-day mortality were HAP (AHR
2.81; 95% CI 1.38-5.75) compared with CAP, being female, higher age, history of insulin use, active smoking,
qSOFA 22 and serum HCO; <15 mEq/L.

Discussion

To our knowledge, this constitutes a primal report demonstrating a comparison of bacterial etiology and mortal-
ity rate among inpatients with CAP, HCAP and HAP in Thailand. We successfully included 250 inpatients with
pneumonia in the present study. At baseline, we observed that most study participants were elderly patients with
various comorbidities. Our study found that the prevalence of cerebrovascular events, Parkinson’s disease (PD),
and epilepsy among patients with HCAP were relatively high compared with those among patients with CAP or
HAP. Similarly, a related study reported a high incidence of pneumonia among patients with PD. These patients
are well-known to experience dysphagia, leading to either micro-aspiration or aspiration®*-*. Therefore, early
recognition and prompt management of these health conditions among older people may attenuate the risk of
hospitalization with pneumonia, and thus, the burden of the disease?.

We reported that the most common pathogen of pneumonia in this study was gram-negative P. aeruginosa,
especially in HCAP and HAP while Klebsiella pneumonia was the most common pathogen in CAP. This finding
was comparable with that of a related study in a tertiary referral hospital, northern Thailand in 2019 indicat-
ing that P. aeruginosa was a frequent causative agent in HAP approximating 13.8%%. However, another study
in Bangkok in 2010 reported that A. baumannii was the most common pathogen among inpatients with HAP
while P. aeruginosa was the second most common cause®. In addition, a systematic review of the burden of
healthcare-associated infections (HAI) in Southeast Asia illustrated that the most common cause of overall HAI
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CAP HAP
Pathogen n (%) (n=64) HCAP (n=57) (n=56)
Sputum culture (n=177)
Not performed 73 (29.2) 52 (44.8) 12 (17.4) 9(13.8)
Negative 59 (23.6) 33 (28,4) 18 (26.1) 8 (12.3)
Positive 118 (47.2) 31(26.7) 39 (56.5) 48 (73.8)
Staphylococcus auresus (MSSA) 13 (7.3) 5(7.8) 2(3.5) 6(10.7)
Staphylococcus auresus (MRSA) 10 (5.6) 1(1.6) 2(3.5) 7 (12.5)
Streptococcus pneumoniae § 8(4.5) 4(6.3) 4(7.0) 0(0.0)
Escherichia coli § 7 (4.0) 3(4.7) 4(7.0) 0(0.0)
Escherichia coli ESBL/MDR 13 (7.3) 2(3.1) 6 (10.5) 5(8.9)
Klebsiella pneumoniae 25 (14.1) 10 (15.6) 6 (10.5) 9(16.1)
Klebsiella pneumoniae ESBL/MDR *, 10 (5.6) 0(0.0) 4(7.0) 6(10.7)
Klebsiella pneumoniae CRE 2(1.1) 0(0.0) 0(0.0) 2(3.6)
Pseudomonas spp. 16 (9.0) 2(3.1) 6 (10.5) 8(14.3)
Pseudomonas aeruginosa *, 37 (20.9) 7 (10.9) 15 (26.3) 15 (26.8)
Acinetobacter baumannii 6(3.4) 2(3.1) 2(3.5) 2(3.6)
Acinetobacter baumannii MDR *, 16 (9.0) 0(0.0) 6 (10.5) 10 (17.9)
Proteus mirabilis 5(2.8) 0(0.0) 3(5.3) 2(3.6)
Haemophilus influenzae 5(2.8) 4(6.1) 0(0.0) 1(1.8)
Stenotrophomonas maltophilia 8 (4.5) 1(1.6) 2(3.5) 5(8.9)
Mycoplasma pneumoniae (n=6) 3 (50.0) 3 (60.0) 0(0.0) 0(0.0)
Gram positive pathogens 29 (16.4) 10 (15.6) 6(10.5) 13(23.2)
Gram negative pathogens *, 1,9 107 (60.5) 24 (37.5) 37 (64.9) 46 (82.1)
Drug resistant pathogens *, 1,9 87 (49.2) 15 (23.4) 31 (54.4) 41(73.2)
Influenza virus (n=139) *
Influenza A virus 51 (36.7) 43 (42.2) 6 (20.0) 2(28.6)
Influenza B virus 14 (10.1) 13 (12.7) 1(3.3) 0(0.0)
Other respiratory viruses (n=29) 8(27.6) 6(28.6) 1(16.7) 1 (50.0)

Table 2. Microbiological etiology. CAP; community acquired pneumonia, HCAP; healthcare-associated
pneumonia, HAP; hospital-acquired pneumonia, gSOFA; quick sequential organ failure assessment, SD;
standard deviation. Gram positive pathogens included MSSA, MRSA, Streptococcus spp. Gram negative
pathogens included Escherichia spp., Klebsiella spp., Pseudomonas spp. Acinetobacter spp., Proteus mirabilis,
Haemophilus influenzae and Stenotrophomonas maltophilia. Atypical pathogens included Mycoplasma spp.
Drug resistance pathogens included MRSA, Escherichia coli ESBL/MDR, Klebsiella pneumoniae ESBL/MDR,
Klebsiella pneumoniae CRE, Pseudomonas aeruginosa, Acinetobacter baumannii, Acinetobacter baumannii
MDR, Proteus mirabilis. Other respiratory viruses included Adenovirus, Rhinovirus, Metapneumovirus,
Parainfluenza virus, Respiratory syncytial virus. *p <0.05 (CAP vs HCAP), p <0.05 (CAP vs HAP), ¥p<0.05

(HCAP vs HAP).
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Figure 1. Kaplan-Meier graph of inhospital mortality by pneumonia category.
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Figure 2. Kaplan-Meier graph of 28-day mortality by pneumonia category.

Risk factors Total N | No. of death | Person-day of observation | Mortality rate per 100 person-days | Crude Hazard Ratio (95% CI) | p-value
Total 250 78 6249 1.25

Pneumonia

CAP 116 26 2011 1.29 1

HCAP 69 16 1811 0.88 0.68 (0.36-1.27) 0.228
HAP 65 36 2427 1.48 1.38 (0.83-2.31) 0.213
Female 104 31 2069 1.50 1.21 (0.76-1.90) 0.425
Age (years) 250 83 6249 1.25 1.03 (1.01-1.06) 0.006
<65 50 3 958 0.30 1

65-74 40 7 836 0.80 2.38 (0.62-9.24) 0.209
>75 160 68 4455 1.50 3.87 (1.21-12.33) 0.022
Marital status

Married 174 53 4428 1.20 1

Single 31 4 427 0.94 0.67 (0.24-1.87) 0.449
Widowed/divorced 45 21 1394 1.51 1.16 (0.70-1.92) 0.574
Active smoking 13 3 102 2.94 2.30 (0.71-7.46) 0.165
Bed ridden 87 29 2989 0.97 0.63 (0.40-1.01) 0.056
Comorbidities

Cardiomyopathy 19 8 233 343 2.72 (1.28-5.77) 0.009
Chronic kidney disease 72 29 1591 1.82 1.68 (1.06-2.67) 0.028
History of insulin use 20 10 450 2.22 1.69 (0.87-3.29) 0.125
Clinical signs and laboratory findings

Mean arterial pressure (<65 mmHg) | 20 65 5740 1.13 1.92 (1.06-3.49) 0.032
Respiratory rate (>30/min) 44 21 973 2.16 1.82 (1.10-3.02) 0.020
Body temperature (°C) 250 78 6249 1.25 0.95 (0.78-1.15) 0.594
<36.0 106 28 2705 1.04 4.52 (1.35-15.14) 0.015
36.0-37.8 5 3 56 5.36 1

>37.8 139 47 3488 1.35 1.24 (0.78-1.99) 0.366
Bicarbonate (<15 mEq/L) 9 6 97 6.19 5.13 (2.16-12.19) <0.001
Blood urea nitrogen (>20 mg/dL) 137 66 3579 1.84 3.58 (1.93-6.63) <0.001
Systemic inflammatory response 199 70 5134 136 1.86 (0.89-3.87) 0.097
syndrome

qSOFA >2 95 48 2534 1.89 2.22 (1.41-3.51) <0.001
Process of care

g(s’i:g invasive mechanical ventila- |, 35 71 4566 155 3.77 (1.71-8.31) <0.001
Intensive care unit admission 69 43 2059 2.09 2.41 (1.54-3.77) <0.001

Table 3. Univariable cox regression analysis for risk factors of inhospital mortality. CAP; community-acquired
pneumonia, HCAP; healthcare-associated pneumonia, HAP; hospital-acquired pneumonia, qSOFA; quick
sequential organ failure assessment.
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Risk factors Total N | No. of death | Person-day of observation | Mortality rate per 100 person-days | Crude Hazard Ratio (95% CI) | p-value

Total 250 48 3598 1.33

Pneumonia

CAP 116 14 1348 1.04 1

HCAP 69 7 1124 0.62 0.62 (0.25-1.53) 0.297
HAP 65 27 1126 2.40 2.31(1.20-4.43) 0.012
Female 104 22 1347 1.63 1.42 (0.80-2.51) 0.232
Age (years) 250 48 3598 1.33 1.02 (1.00-1.05) 0.075
<65 50 3 486 0.62 1

65-74 40 6 516 1.16 1.97 (0.49-7.88) 0.339
=275 160 39 2596 1.50 2.53 (0.78-8.20) 0.123
Marital status

Married 174 53 4428 1.20 1

Single 31 4 427 0.94 0.67 (0.24-1.87) 0.449
Widowed/divorced 45 21 1394 1.51 1.16 (0.70-1.92) 0.574
Active smoking 13 3 98 3.06 2.45(0.75-7.98) 0.136
Bed ridden 87 11 1518 0.72 0.42 (0.21-0.83) 0.012
Comorbidities

Cardiomyopathy 19 6 222 2.70 2.15(0.91-5.08) 0.080
Chronic kidney disease 72 17 1054 1.61 1.35(0.74-2.43) 0.327
History of insulin use 20 8 282 2.84 2.35(1.10-5.01) 0.028
Clinical signs and laboratory findings

Mean arterial pressure (<65 mmHg) | 20 8 328 2.44 2.03 (0.95-4.33) 0.068
Respiratory rate (>30/min) 44 19 663 2.87 2.74 (1.16-6.47) <0.001
Body temperature (°C) 250 48 3598 1.33 0.89 (0.69-1.14) 0.346
<36.0 106 3 3 5.36 5.10 (1.47-17.70) 0.010
36.0-37.8 5 15 1524 0.98 1

>37.8 139 30 2018 1.49 1.50 (0.81-2.79) 0.200
Bicarbonate (<15 mEq/L) 9 6 97 6.19 5.13 (2.16-12.19) <0.001
?:‘;gt:‘g‘f&‘)‘i""ge“ 137 40 2154 1.86 3.39 (1.58-7.24) 0.002
S;’;t;x::ei“ﬂamm“"ry response | jgq 45 2953 1.52 3.31 (1.03-10.64) 0.045
qSOFA >2 95 31 1522 2.03 2.52 (1.39-4.55) 0.002
Process of care

gzi:g invasive mechanical ventila- |, 35 41 2393 171 3.06 (1.36-6.87) 0.007
Intensive care unit admission 69 29 1099 2.64 3.46 (1.94-6.17) <0.001

Table 4. Univariable cox regression analysis for risk factors of 28-day mortality. CAP: community-acquired
pneumonia, HCAP; healthcare-associated pneumonia, HAP; hospital-acquired pneumonia, qSOFA; quick
sequential organ failure assessment.

was P. aeruginosa®. Our finding reported that CAP was frequently caused by Klebsiella pneumonia which was
compatible with the finding of a related study conducted at the Bamrasnaradura Infectious Diseases Institute
in central Thailand®®. However, a recent study in northeast Thailand reported that S. pneumoniae was the most
common pathogen, identified in 11.4% of inpatients with CAP?. Furthermore, reports in the US, Spain and Asia
indicated that S. pneumoniae was the most common bacterial etiology of adult CAP**-32, Our study presented that
a half of inpatients with pneumonia was caused by drug-resistant pathogens, i.e., P. aeruginosa and A. baumannii,
respectively. This finding was consistent with a related study in northern Thailand®*; however, another study con-
ducted in 12 tertiary care hospitals in Thailand reported that A. baumannii was the most common drug-resistant
pathogen among inpatients with HAP?>¥". Additionally, the data from nationwide surveillance in Thailand also
demonstrated that A. baumannii complex was the most common drug-resistant, gram-negative organism causing
respiratory infection'®. Our study suggested the potential tailoring of directed empirical antibiotic regimens and
more rapid identification of pathogens and resistance patterns. While implementing antimicrobial stewardship
programs and infection control measures such as hand hygiene, contact precautions were suggested to reduce
the nosocomial infection of resistant bacterial strains®*°.

Our study reported that the overall inhospital mortality rate of inpatients with pneumonia was 31.2% being
higher when compared with that in nationwide hospital admission data in 2010 reporting that the mortality
rate among adults aged > 60 years with pneumonia was approximately 9.2-15.5%%. We found that the inhos-
pital and 28-day mortality rate in CAP and HCAP were comparable while approximately twice higher in HAP.
Our study revealed that the inhospital mortality rate in CAP was 22.4% (1.29 deaths/100 person-days) which
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Inhospital mortality 28-day mortality

Risk factors Adjusted HR (95% CI) | p-value | Adjusted HR (95% CI) | p-value
Pneumonia

HCAP versus CAP 0.60 (0.30-1.20) 0.148 | 0.54 (0.20-1.45) 0.220
HAP versus CAP 1.75 (1.01-3.03) 0.046 | 2.81 (1.38-5.75) 0.005
Female 1.62 (0.93-2.82) 0.089 | 2.14 (1.08-4.24) 0.029
Age (years)

65-74 versus <65 5.39 (1.10-26.3) 0.037 | 7.31 (1.34-39.94) 0.022
=75 versus <65 8.99 (2.11-38.22) 0.003 | 8.97 (1.90-42.38) 0.006
Marital status

Married versus single 0.74 (0.25-2.20) 0.590 | 0.56 (0.16-1.99) 0.373
Widowed/divorced versus single 0.64 (0.33-1.22) 0.172 | 0.60 (0.26-1.40) 0.239
Cardiomyopathy 2.64 (1.09-6.41) 0.032 | 2.02 (0.73-5.62) 0.176
Chronic kidney disease 1.30 (0.76-2.22) 0.344 | 1.00 (0.49-2.02) 0.990
Insulin used 2.34 (1.11-4.95) 0.026 | 2.86 (1.19-6.89) 0.019
Active smoking 13.89 (3.23-59.62) <0.001 | 14.94 (3.12-71.44) 0.001
qSOFA 22 1.94 (1.17-3.21) 0.010 | 2.23 (1.15-4.31) 0.018
Serum bicarbonate <15 mEq/L 5.18 (1.97-13.58) 0.001 | 6.43 (2.31-17.86) <0.001
Using invasive mechanical ventilator 2.09 (0.90-4.83) 0.085 | 1.85 (0.78-4.36) 0.162

Table 5. Multivariable cox regression analysis for risk factors of inhospital mortality and 28-day mortality.
CAP; community-acquired pneumonia, HCAP; healthcare-associated pneumonia, HAP; hospital-acquired
pneumonia, gSOFA; quick sequential organ failure assessment.

was relatively high, compared with that in other studies conducted at the Bamrasnaradura Infectious Diseases
Institute in Thailand reporting 17.9%2. Mortality rates for patients hospitalized with CAP reported by related
studies have ranged from 12 to 30%-%. Twenty-eight-day mortality in CAP during our study was 12.1% and
tended to be higher than that in Korean tertiary teaching hospitals reporting 6.3%; conversely, the 28-day mor-
tality rate in HCAP in our study was relatively low*’. Our finding illustrated that inhospital mortality in HAP
was 55.4% (1.48 death/100 person-days) which was greater than that in related studies both in Thailand and
overseas®®?. However, the 28-day mortality rate in HAP in the present study was comparable with those of
other related studies ranging from 28.7 to 44.4%%2%*2. Therefore, vaccinations for some specific pathogens such
as influenza, S. pneumoniae is a major preventive strategy for pneumonia acquired in a community setting and
plays an essential role in reducing incidence and mortality “***. In addition, minimizing hospital length of stay
is an effective method to lower HAP incidence®.

In our study, mortality rates in HAP were worse than those in CAP and HCAP. Using multivariable cox
regression analysis, HAP was a significant risk factor for inhospital and 28-day mortality. This was possible
because disease severity itself is related to mortality and may result from the high prevalence of drug-resistant
pathogens in HAP3+%,

Several studies in Thailand reported that male patients with pneumonia had higher mortality rates than
females®>*. In this study, female patients with CAP, HCAP and HAP accounted for 52.6, 31.9 and 32.3%, respec-
tively. After adjusting for potential confounders, females were significantly associated with 28-day mortality
(AHR 2.14). However, the related study in Korea indicated that sex was not associated with mortality among
inpatients with pneumonia*'. The present study reported that a dose-response relationship existed between
higher age and mortality rates among inpatients with pneumonia. Similarly, a nationwide hospital data in 2010
and the study conducted at the Bamrasnaradura Infectious Diseases Institute in Thailand reported that inpatients
with pneumonia who were higher aged tended to increase in mortality*>®. This finding could be explained by
the decline of immune function and anatomic and functional changes*->!. Nevertheless, some studies reported
no difference in age between survivors and nonsurvivors'>*%,

We found that cardiomyopathy was an independent risk for inhospital mortality. Correspondingly, nation-
wide hospital admission data in 2010 indicated that the odds of death among inpatients having a history of heart
disease was 2.47 times (95% CI 2.38-2.56) the odds of death among those without heart disease *’. Patients with
cardiomyopathy were prone to have ventricular tachycardia and ventricular fibrillation, which were crucial
causes of death®*?. Among patients with pneumonia, systemic infections rapidly aggravated cytokine-mediated,
ventricular electrical remodeling and worsened their heart condition as cardiogenic shock, consequently increas-
ing mortality>*>>.

Our study demonstrated that inpatients using insulin had higher inhospital and 28-day mortality rates when
compared with those not using insulin. Certainly, insulin is prescribed for patients with type 2 diabetes (T2D)
with poor glycemic control, having a long duration with T2D and being prone to microvascular and macrovas-
cular complications®*-*%. Furthermore, hyperglycemia causes dysfunction of the immune response, diminishing
control of the spread of invading pathogens leading to morbidity and mortality™.

The existing evidence indicated that smoking caused respiratory symptoms, bronchial hyperresponsiveness
and excessive decline in lung function®. The present study reported that inpatients with pneumonia who were
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active smokers had a very high risk for death during admission in hospitals (AHR 13.9; 95% CI 3.2-59.6) and
within 28 days (AHR 14.9; 95% CI 3.1-71.4). This finding was compatible with a related study in Spain demon-
strating that current smoking was an independent risk factor (AOR 5.0; 95% CI 1.8-13.5) for 30-day mortality.
Moreover, current smokers with pneumonia frequently develop severe sepsis and worsening outcomes®'.

We found that inpatients with pneumonia having serum bicarbonate at baseline < 15 mEq/L tended to have
inhospital and 28-day mortality. Similarly, a related report indicated that critically ill patients with metabolic
acidosis had higher mortality, compared with those with no metabolic acidosis®?. Acid-base disturbances will
decrease cardiopulmonary function, especially metabolic acidosis, which interferes with contractility by involv-
ing the binding and release of calcium to the sarcoplasmic reticulum in the cardiocyte™. Therefore, acid-based
disturbance among patients admitted in the hospital should be assessed and appropriately corrected to attenuate
the mortality rate.

According to the Third International Consensus Definitions for Sepsis and Septic Shock, qSOFA criteria
was be used to prompt clinicians to further investigate organ dysfunction and to initiate or escalate therapy
as appropriate’®. The present study reported that the inhospital and 28-day mortality among inpatients with
pneumonia presenting gSOFA scores of 2 or greater were significantly higher, compared with those presenting
a qSOFA scores of less than 2. The qSOFA did not require laboratory tests and could be assessed quickly and
repeatedly’®; therefore, it could help inform appropriate management and improve patient outcomes.

The present study, a retrospective cohort study, included inpatients before the beginning of the coronavirus
disease 2019 (COVID-19) pandemic. At present, COVID-19 may significantly facilitate death among people,
especially adults aged > 60 years and among people with severe underlying health conditions®. Furthermore,
a recent report indicated that secondary bacterial infection among patients with COVID-19 is a stronger pre-
dictor of death than among patients with influenza®. Because the clinical presentations of COVID-19 may be
challenging to distinguish from bacterial pneumonia, careful surveillance and prompt, empirical antimicrobial
treatment for bacterial pneumonia (CAP, HAP), based on local bacterial epidemiology, may also be reasonable
among patients with COVID-19%.

Some limitations were encountered in this study. First, this constituted a hospital-based retrospective cohort
study in a single university hospital in Bangkok, Thailand. Hence, it may represent epidemiologic data and mor-
tality rates of pneumonia in medical centers. In addition, we excluded immunocompromised individuals; thus,
the generalizability of the results should be considered. Second, the sputum culture was not performed among
all patients because sputum samples from patients who did not intubate may exhibit low quality and are easy to
contaminate. Third, multiplex PCR for respiratory pathogens is a high-cost investigation in our resource-limited
country. Therefore, using the empirical therapy strategy to determine atypical pathogens instead of PCR investi-
gation is routinely practiced in Thailand. In consequence, the prevalence of atypical pathogens and respiratory
viruses in CAP were underestimated in the present study because only a few patients received specific investiga-
tions including multiplex PCR for respiratory pathogens and specific antibodies for atypical pathogens. Finally,
the study used a small sample size; therefore, the association between well-known risk factors such as required
mechanical ventilator and chronic kidney disease and outcomes could be not presented.

Conclusion

In conclusion, our study emphasized that gram-negative pathogens were a common cause of CAP, HCAP and
HAP. Drug-resistant pathogens particularly P. aeruginosa played a major contributing cause among patients
with HCAP and HAP. Hence, empirical therapy to determine gram negative pathogens should be a major con-
sideration. The mortality of pneumonia remains high, especially in higher aged groups and among inpatients
with HAP. Individual risks factors including cardiomyopathy, active-smoker and insulin use posed potential
risks for mortality. Initial gQSOFA and acid-based disturbance should be assessed to provide further appropriate
management and improve clinical outcomes.

Data availability

The datasets generated or analyzed during the current study are not publicly available because they contain pri-
vacy information. Thus, due to ethics restrictions and concerns, the datasets are available from the corresponding
author upon reasonable request.

Received: 17 February 2022; Accepted: 18 May 2022
Published online: 30 May 2022

References
1. Mandell, L. A. et al. Infectious Diseases Society of America/ American Thoracic Society Consensus Guidelines on the management
of community-acquired pneumonia in adults. Clin. Infect. Dis. 44 (2007).
2. Guidelines for the management of adults with hospital-acquired, ventilator-associated, and healthcare-associated pneumonia.
Am. ]. Respirat. Crit. Care Med. 171 (2005).
. Bartlett, J. G. & Mundy, L. M. Community-acquired pneumonia. N. Engl. J. Med. 333, 1618-1624 (1995).
. File, T. M. Jr. Community-acquired pneumonia. Lancet 362, 1991-2001 (2003).
5. Ramirez, J. A. et al. Adults hospitalized with pneumonia in the United States: incidence, epidemiology, and mortality. Clin. Infect.
Dis. 65, 1806-1812 (2017).
6. Niederman, M. S., McCombs, J. S., Unger, A. N, Kumar, A. & Popovian, R. The cost of treating community-acquired pneumonia.
Clin. Ther. 20 (1998).
7. Marrie, T. J. & Huang, J. Q. Epidemiology of community-acquired pneumonia in Edmonton, Alberta: an emergency department-
based study. Can. Respirat. J. 12, (2005).
8. Bureau of Epidemiology, D. of D. C. in T. Epidemiological Surveillance Report 2019. https://apps-doe.moph.go.th/boeeng/downl
oad/MIX_AESR_2562.pdf#pagel53 (2019).

NN

Scientific Reports |

(2022) 12:9004 | https://doi.org/10.1038/s41598-022-12904-z nature portfolio


https://apps-doe.moph.go.th/boeeng/download/MIX_AESR_2562.pdf#page153
https://apps-doe.moph.go.th/boeeng/download/MIX_AESR_2562.pdf#page153

www.nature.com/scientificreports/

10.
11.
12.
13.
14.
15.

16.

23.
24.
25.
26.
27.
28.

29.

30.

31
. Peto, L. et al. The bacterial aetiology of adult community-acquired pneumonia in Asia: A systematic review. Trans. R. Soc. Trop.

33.
34.
35.
36.
37.

38.
39.

40.
41.

42.

43.

44.
45.
46.
47.

48.

. Metlay, J. P. et al. Diagnosis and treatment of adults with community-acquired pneumonia. An official clinical practice guideline

of the American Thoracic Society and Infectious Diseases Society of America. Am J Respir Crit Care Med 200, e45-¢67 (2019).
Yungyuen, T. et al. Nationwide surveillance and molecular characterization of critically drug-resistant gram-negative bacteria:
Results of the research university network Thailand study. Antimicrob. Agents Chemother. 65 (2021).

Organization, W. H. ICD-10: international statistical classification of diseases and related health problems: tenth revision (2004).
Mylotte, J. M. Nursing home-acquired pneumonia. Clin. Infect. Dis. 1205-1211 (2002).

Hutt, E. & Kramer, A. M. Evidence-based guidelines for management of nursing home-acquired pneumonia. J Family Pract. 51
(2002)

Tablan, O. C., Anderson, L. J., Besser, R. E., Bridges, C. B. & Hajjeh, R. A. Guidelines for preventing health-care-associated pneu-
monia, 2003; recommendations of CDC and the Healthcare Infection Control Practices Advisory Committee;[pt. II-III]. (2004).
Niederman, M. S. Guidelines for the management of respiratory infection: Why do we need them, how should they be developed,
and can they be useful? Curr. Opin. Pulmon. Med. 2 (1996)

Lim, W. S. et al. Defining community acquired pneumonia severity on presentation to hospital: An international derivation and
validation study. Thorax 58 (2003).

. Chakraborty, R. K. & Burns, B. Systemic inflammatory response syndrome. (2019).

. Singer, M. et al. The third international consensus definitions for sepsis and septic shock (sepsis-3). JAMA. 315 (2016).

. DeMers, D. & Wachs, D. Physiology, mean arterial pressure. StatPearls [Internet] (2020).

. Mandell, L. A. & Niederman, M. S. Aspiration pneumonia. N. Engl. . Med. 380, 651-663 (2019).

. Marik, P. E. & Kaplan, D. Aspiration pneumonia and dysphagia in the elderly. Chest 124, 328-336 (2003).

. Won, J. H,, Byun, S. J., Oh, B. M., Park, S. J. & Seo, H. G. Risk and mortality of aspiration pneumonia in Parkinson’s disease: A

nationwide database study. Sci. Rep. 11 (2021).

Won, J. H. et al. Pneumonia risk and its associated factors in Parkinson’s disease: A National Database Study. J. Neurol. Sci. 415
(2020).

Chang, Y. P. et al. Risk factors for pneumonia among patients with Parkinson’s disease: A Taiwan nationwide population-based
study. Neuropsychiatr. Dis. Treat. 12 (2016).

Sangmuang, P, Lucksiri, A. & Katip, W. Factors associated with mortality in immunocompetent patients with hospital-acquired
pneumonia. J. Global Infect. Dis. 11 (2019).

Werarak, P, Kiratisin, P. & Thamlikitkul, V. Hospital-acquired pneumonia and ventilator-associated pneumonia in adults at Siriraj
Hospital: Etiology, clinical outcomes, and impact of antimicrobial resistance. J. Med. Assoc. Thai. 93 (2010).

Ling, M. L., Apisarnthanarak, A. & Madriaga, G. The burden of healthcare-associated infections in southeast Asia: A systematic
literature review and meta-analysis. Clin. Infect. Dis. 60 (2015).

Osman, M. et al. Etiology, clinical course, and outcomes of pneumonia in the elderly: A retrospective and prospective cohort study
in thailand. Am. J. Trop. Med. Hygiene 104 (2021).

Reechaipichitkul, W., Lulitanond, V., Tantiwong, P., Saelee, R. & Pisprasert, V. Etiologies and treatment outcomes in patients
hospitalized with community-acquired pneumonia (CAP) at Srinagarind Hospital, Khon Kaen, Thailand. Southeast Asian J. Trop.
Med. Public Health 36 (2005).

Restrepo, M. I, Mortensen, E. M., Velez, J. A., Frei, C. & Anzueto, A. A comparative study of community-acquired pneumonia
patients admitted to the ward and the ICU. Chest 133 (2008).

Cilléniz, C. et al. Microbial aetiology of community-acquired pneumonia and its relation to severity. Thorax 66 (2011).

Med. Hygiene. 108 (2014).

Werarak, P. et al. Acinetobacter baumannii nosocomial pneumonia in tertiary care hospitals in Thailand. J. Med. Assoc. Thai. 95
Suppl 2 (2012).

McNeil, S. A., Foster, C. L., Hedderwick, S. A. & Kauffman, C. A. Effect of hand cleansing with antimicrobial soap or alcohol-based
gel on microbial colonization of artificial fingernails worn by Health Care Workers. Clin0 Infect0 Dis. 32 (2001).

Dellit, T. H. et al. Infectious Diseases Society of America and the Society for Healthcare Epidemiology of America guidelines for
developing an institutional program to enhance antimicrobial stewardship. Clin0 Infect0 Dis. 44 (2007).

Teerawattanapong, N. et al. Prevention and control of multidrug-resistant Gram-negative bacteria in adult intensive care units: A
systematic review and network meta-analysis. Clin Infect Dis. 64 (2017).

Reechaipichitkul, W., Thavornpitak, Y. & Sutra, S. Burden of adult Pneumonia in Thailand: A nationwide hospital admission data
2010. J. Med. Assoc. Thailand 97 (2014).

Fine, M. J. et al. A prediction rule to identify low-risk patients with community-acquired pneumonia. Pneurmologie 51 (1997).
Brito, V. & Niederman, M. S. Predicting mortality in the elderly with community-acquired pneumonia: Should we design a new
car or set a new “speed limit”? Thorax. 65 (2010).

Janssens, J. P. & Krause, K. H. Pneumonia in the very old. Lancet Infect. Dis. 4 (2004).

Ahn, J. H. et al. Clinical characteristics and prognostic risk factors of healthcare-associated pneumonia in a Korean tertiary teach-
ing hospital. Medicine (United States) 96 (2017).

Leu, H. S., Kaiser, D. L., Mori, M., Woolson, R. F. & Wenzel, R. P. Hospital-acquired pneumonia: attributable mortality and mor-
bidity. Am. J. Epidemiol. 129 (1989).

Hsiao, A. et al. Incidence and estimated vaccine effectiveness against hospitalizations for all-cause pneumonia among older US
adults who were vaccinated and not vaccinated with 13-valent pneumococcal conjugate vaccine. JAMA Netw. Open 5, €221111-
221111 (2022).

Luca, D. L. et al. Impact of pneumococcal vaccination on pneumonia hospitalizations and related costs in Ontario: A population-
based ecological study. Clin. Infect. Dis. 66, 541-547 (2018).

Tenforde, M. W. et al. Influenza vaccine effectiveness against hospitalization in the United States, 2019-2020. J Infect Dis 224,
813-820 (2021).

Bueno, H. et al. Trends in length of stay and short-term outcomes among medicare patients hospitalized for heart failure, 1993-
2006. JAMA 303 (2010)

Gandra, S. et al. The mortality burden of multidrug-resistant pathogens in India: a retrospective, observational study. Clin. Infect.
Dis. 69 (2019).

Magret, M. et al. Bacteremia is an independent risk factor for mortality in nosocomial pneumonia: a prospective and observational
multicenter study. Crit. Care 15 (2011).

. Kline, K. A. & Bowdish, D. M. E. Infection in an aging population. Curr. Opin. Microbiol. 29 (2016).

. Beeson, P. B. Alleged susceptibility of the elderly to infection. Yale ] Biol Med 58, 71 (1985).

. Schneider, E. L. Infectious diseases in the elderly. Ann Intern Med 98, 395-400 (1983).

. Wood, M. J. & Picard, M. H. Utility of echocardiography in the evaluation of individuals with cardiomyopathy. Heart 90 (2004).
. Akhtar, M. & Elliott, P. M. Risk stratification for sudden cardiac death in non-ischaemic dilated cardiomyopathy. Curr. Cardiol.

Rep. 21 (2019).

. Lazzerini, P. E. et al. Cardiac arrest risk during acute infections. Circul. Arrhythmia Electrophysiol. 13 (2020).
. Guerrero-Miranda, C. Y. & Hall, S. A. Cardiogenic shock in patients with advanced chronic heart failure. Methodist DeBakey

Cardiovasc. J. 16 (2020).

Scientific Reports |

(2022) 12:9004 | https://doi.org/10.1038/s41598-022-12904-z nature portfolio



www.nature.com/scientificreports/

56. Euswas, N. et al. National trends in the prevalence of diabetic retinopathy among Thai patients with type 2 diabetes and its associ-
ated factors from 2014 to 2018. PLoS ONE 16, €0245801-¢0245801 (2021).

57. Euswas, N. et al. National trends in the prevalence of diabetic retinopathy among Thai patients with type 2 diabetes and its associ-
ated factors from 2014 to 2018. PLoS ONE 16 (2021).

58. Sakboonyarat, B. & Rangsin, R. Prevalence and associated factors of ischemic heart disease (IHD) among patients with diabetes
mellitus: A nation-wide, cross-sectional survey. BMC Cardiovasc. Disorders 18 (2018).

59. Berbudi, A., Rahmadika, N., Tjahjadi, A. I. & Ruslami, R. Type 2 diabetes and its impact on the immune system. Curr. Diabetes
Rev. 16 (2019).

60. Willemse, B. W. M., Postma, D. S., Timens, W. & ten Hacken, N. H. T. The impact of smoking cessation on respiratory symptoms,
lung function, airway hyperresponsiveness and inflammation. Eur. Respirat. ]. 23 (2004).

61. Bello, S. et al. Tobacco smoking increases the risk for death from pneumococcal pneumonia. Chest 146 (2014).

62. Gunnerson, K. J., Saul, M., He, S. & Kellum, J. A. Lactate versus non-lactate metabolic acidosis: a retrospective outcome evaluation
of critically ill patients. Crit. Care 10 (2006).

63. Mitchell, J. H., Wildenthal, K. & Johnson, R. L. The effects of acid-base disturbances on cardiovascular and pulmonary function.
Kidney Int. 1 (1972).

64. Report, M. W. Severe Outcomes Among Patients with Coronavirus Disease 2019 (COVID-19)—United States, February 12-March
16, 2020. 2020;69:343-346. https://doi.org/10.15585/mmwr.mm6912e2. MMWR Morb Mortal Wkly Rep 69 (2020).

65. Shafran, N. et al. Secondary bacterial infection in COVID-19 patients is a stronger predictor for death compared to influenza
patients. Sci. Rep. 11 (2021).

Acknowledgements

The authors express their grateful thanks to Col. Prof. Dr. Mathirut Mungthin and Col. Prof. Dr. Ram Rangsin for
their support to complete the study. The authors are exceedingly grateful to all those involved in the successful
completion of the study, including staff of the Computer Center, Phramongkutklao Hospital. The authors thank
all the staff members of the Department of Medicine, Phramongkutklao Hospital and College of Medicine, for
their support in completing this study.

Author contributions
The concept for study was developed by JP, BS and WN. JP collected the data. JP and BS analyzed the data, and
BS and JP wrote the first draft. All authors contributed and approved the final version.

Fundin

This stud)gf was supported by the Division of Infectious Diseases, Department of Medicine, Phramongkutklao
Hospital and Office of Research Development, Phramongkutklao Hospital and Phramongkutklao College of
Medicine. The funder supported budget during the patient data collection process and all research equipment
expenses, e.g., office supplies.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to W.N.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

o License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2022

Scientific Reports |

(2022) 12:9004 | https://doi.org/10.1038/s41598-022-12904-z nature portfolio


https://doi.org/10.15585/mmwr.mm6912e2
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Bacterial etiology and mortality rate in community-acquired pneumonia, healthcare-associated pneumonia and hospital-acquired pneumonia in Thai university hospital
	Methods
	Study design and subjects. 
	Data collection. 
	Ethics considerations. 
	Statistical analysis. 

	Results
	Baseline characteristics of participants. 
	Bacterial etiology in CAP, HCAP and HAP. 
	Mortality rate among inpatients with pneumonia. 
	Risk factors for mortality among inpatients with pneumonia. 

	Discussion
	Conclusion
	References
	Acknowledgements


