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Background: Nosocomial pneumonia (NP), hospital-acquired pneumonia (HAP) and ventilator-associated pneumonia
(VAP), is an important cause of morbidity and mortality in hospitalized patients. One of the factors contributing to a high
mortality rate of HAP and VAP could be antibiotic resistance among the causative agents.

Objective: To determine prevalence of bacterial pathogens clinical features, risk factors of HAP and VAP, antimicrobial
resistance among major respiratory pathogens, clinical implication of antimicrobial resistance, antimicrobial regimens used,
and treatment outcomes of adult patients with HAP and VAP at Siriraj Hospital.

Material and Method: This was a prospective, hospital-based, active surveillance study on HAP and VAP in hospitalized
adults at Siriraj Hospital from December 2007 to March 2009. The patients with HAP and VAP were followed prospectively
until they expired or were discharged from the hospital.

Results: One hundred and forty-six adult patients were included. Seventy percent of the patients were males with the mean age
of 70.8 years. HAP was accounted for 24.7% and VAP 75.3%. Most of the patients (82.9%) had late-onset HAP or VAP with
the median day of onset of pneumonia of 11 days. Two third of the patients were hospitalized in general medical wards.
Bronchopneumonia was observed in 53.4% and multilobar pneumonia in 24.7%. A. baumanni was the most common
isolated pathogen and 92.3% of them were multidrug-resistant (MDR) or pandrug-resistant (PDR). The other common
isolated pathogens were K. pneumoniae, P. aeruginosa and methicillin-resistant S. aureus (MRSA). Carbapenem was the
most commonly used initial antibiotic (45.9%) followed by colistin (21.9%) and cephalosporins (21.1%). The concordance
of initial antibiotics was 58.9%. Antibiotics were modified 43.8% of the patients. Colistin was the most commonly used
modified antibiotic followed by carbapenem. The modified antibiotics were concordant with isolated bacteria in 98.4%. The
patients received mechanical ventilators in 81.5% with the median ventilator day of 10 days. At the initial response (72 hours
after antibiotic therapy), an improvement was 56.8% and a mortality rate due to pneumonia was 14.4%. Death due to
pneumonia at the end of treatment was 42.5%. The 30-day mortality from pneumonia was 45.9%. There were no significant
differences in the outcomes of pneumonia between HAP and VAP. The factors associated with PDR-organisms were late-onset
hospital-acquired pneumonia and previous carbapenem usage within 72 hours. Septic shock and bilateral lung involvement
were significantly associated with unfavorable outcomes at 72 hours. Septic shock, severe sepsis, and previous carbapenem
usage within 72 hours were significantly associated with mortality at the end of treatment and at 30 days after developing
pneumonia.

Conclusion: HAP and VAP remain to be very important hospital-acquired infections at Siriraj Hospital. The isolated
pathogens are usually multidrug-resistant and the mortality rate remains high. The local data on prevalence of the isolated
pathogens and their antibiotic susceptibility may help clinicians choose more appropriate initial antibiotics in order to
improve the outcome and to decrease the emergence of resistant organisms.
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Nosocomial pneumonia (NP), hospital-
acquired pneumonia (HAP) and ventilator-associated
pneumonia (VAP), is an important cause of morbidity
and mortality in hospitalized patients despite advances
in antimicrobial therapy and better supportive care
modalities®?. The common pathogens causing NP
include aerobic gram-negative bacilli, such as
Pseudomonas aeruginosa, Klebsiella pneumoniae,
and Acinetobacter species®®. NP due to Staphylo-
coccus aureus, particularly methicillin-resistant
S. aureus (MRSA), has been rapidly emerging. Inappro-
priate antimicrobial therapy of NP, particularly in the
ICU setting, is increasingly being recognized as a
potential cause of morbidity and mortality. Treatment
of NP is usually supportive, along with the adminis-
tration of antibiotics. Various antimicrobial options used
for treatment of NP included not only classical regimens
such as cephalosporins, aminoglycosides, or fluoro-
quinolones but also some newer broad-spectrum
antibiotics such as piperacillin/tazobactam, carba-
penems, linezolid or ceftobiprole®®*9, The selection of
antimicrobial agents active against the microorganisms
associated with NP seemed to be an important
determinant of hospital mortality”®. Appropriate
antimicrobial therapy, when initiated early, was
shown to reduce mortality among critically-ill
patients with NP8 The common pathogens
associated with administration of inappropriate
antimicrobial treatment to patients with NP were
P. aeruginosa, S. aureus, and Acinetobacter species”®.
Most episodes of inappropriate antimicrobial treatment
were attributed to potentially antibiotic-resistant
gram-negative bacteria, including P. aeruginosa,
Acinetobacter species, Klebsiella pneumoniae, and
Enterobacter species as well as MRSA812),

The recent document, prepared by a joint com-
mittee of the American Thoracic Society (ATS) and
Infectious Diseases Society of America (IDSA), focused
on the epidemiology and pathogenesis of bacterial
pneumonia in adults and emphasized modifiable risk
factors for infection®. In addition, the microbiology of
HAP/VAP was reviewed, with an emphasis on
multidrug-resistant (MDR) bacterial pathogens, such
as P. aeruginosa, Acinetobacter species, and MRSA.
While many clinicians follow the general recommenda-
tions of the ATS/IDSA guidelines, others follow insti-
tutional recommendations, or national guidelines, where
available. The frequency of specific pathogens caus-
ing HAP/VVAP may vary by hospital, region, patient
population, exposure to antibiotics, and changes over
time, emphasizing the need for timely, local surveillance
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data. Therefore, a local data study of etiology and out-
comes of HAP/VAP are required for setting more ap-
propriate guidelines for management of NP in the fu-
ture. To clarify the therapeutic efficacy of these older
and newer therapeutic options, etiologic distribution,
antimicrobial resistance of major pathogens and clini-
cal outcomes of HAP and VAP should be investigated.
The objectives of the study were to determine preva-
lence of bacterial pathogens of HAP and VAP, clinical
features, risk factors of HAP and VAP, antimicrobial
resistance among major respiratory pathogens, clinical
implication of antimicrobial resistance, antimicrobial
regimens used, and treatment outcomes of adult pa-
tients with HAP and VAP at Siriraj Hospital.

Material and Method

This was a prospective, hospital-based, ac-
tive surveillance study on NP in hospitalized adults at
Siriraj Hospital from December 2007 to March 2009.
The study protocol was approved by Siriraj Ethics
Committee on Human Research.

The subject was included if he/she had all of
the following criteria; 1) age > 18 years, 2) had infection
that was developed at > 48 hours after admission and
was not incubating at the time of admission, 3) two or
more serial chest radiographs with at least one of the
following features-new or progressive and persistent
infiltrate, consolidation, cavitation, 4) at least one of
the following features: temperature > 38°C with no other
recognized cause, leukocytosis (> 12,000 WBC mm?®) or
leukopenia (< 4,000 WBC/mm?®), altered mental status
with no other recognized cause for adults aged > 70
years, 5) at least two of the following features: new
onset of purulent sputum, or change in character of
sputum, or increased respiratory secretions, or increased
suctioning requirements, new onset or worsening
cough, or dyspnea, or tachypnea, rales or bronchial
breath sounds, worsening gas exchange (e.g. oxygen
desaturation [PaO,/FiO, < 240], increased oxygen
requirements, or increased ventilation demand).

A patient with any one of the following crite-
ria was excluded: 1) immunocompromised patient (ab-
solute neutrophil < 500/mm?3, leukemia, lymphoma,
known HIV infection with CD4 count < 200, splenec-
tomy, one who is in his/her transplant hospital stay,
cytotoxic chemotherapy, high dose steroids daily for >
2 weeks, daily use of immunosuppressive agent for > 2
weeks); 2) patient on clinical trial which does not allow
the relevant data to be used, 3) infection caused by
confirmed non-bacterial pathogens such as fungus and
virus.
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The eligible patients were followed until they
were discharged from the hospital or they expired. The
data collected included age, gender, underlying ill-
nesses, clinical features, severity of illness, type of
isolated bacteria, antibiotic susceptibility profiles of
the isolated bacteria, antimicrobial regimen, clinical
courses and outcomes of therapy. Assessment of clini-
cal response was performed at 72 hours after initial
antibiotic treatment, at the end of treatment (EOT), and
at 7-14 days (test-of-cure, TOC) after the end of treat-
ment. Microbiological outcome was assessed at the
end of treatment. Overall 30-day mortality and infec-
tion (pneumonia)-related mortality were also determined.
The data were collected and enter into the case report
forms and they were analyzed by descriptive statistics,
Chi-square statistics, Fisher-Exact test, student t test,
Mann-Whitney U test and logistic regression analysis
where appropriate. A p-value of < 0.05 was considered
statistically significant difference.

Definitions

Hospital-acquired pneumonia (HAP) is de-
fined as pneumonia that occurs > 48 hours after admis-
sion to the hospital in non-ventilated patients. Ventila-
tor-associated pneumonia (\VVAP) is defined as pneu-
monia that arises > 48 hours after mechanical ventila-
tion. Early onset of HAP/VAP is defined as HAP/VVAP
that occurs within 4 days of hospitalization or tracheal
intubation. The severity of primary diseases of the pa-
tients was classified as rapidly fatal (fulminant, irre-
versible disease with death expected within the next
several weeks despite optimum therapy), ultimately fa-
tal (irreversible disease with death expected within the
next 4 years despite optimum therapy), and non-fatal
(chronic or acute reversible disease with death not ex-
pected within the next 4 years). Septic shock is
defined as sepsis associated with evidence of organ
hypoperfusion and a systolic blood pressure < 90 or
> 30 mm Hg less than the baseline or a requirement for
the use of vasopressor to maintain the blood pressure.
Etiologic bacteria of HAP/VAP were determined accord-
ing to the results of microbiological evaluation per-
formed before initiation of antibiotic therapy. The patho-
gens were classified as follows: 1) definite pathogen-
presence of bacteria isolated from blood culture match-
ing with that from culture of the lower respiratory tract
specimens or presence of bacteria isolated from pleural
fluid culture, 2) probable pathogen-presence of bacte-
ria isolated from the culture of blind bronchial/tracheal
aspirates with > 10° CFU/ml in a quantitative culture or
presence of bacteria isolated from the culture of
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bronchoscopic BAL with > 10* CFU/ml in a quantita-
tive culture or presence of bacteria isolated from blood
that mismatched with that of respiratory tract speci-
mens, 3) possible pathogen-presence of bacteria iso-
lated from the lower respiratory tract specimens meet-
ing the criteria for adequate sputum specimeni.e. WBC
> 25/LPF and epithelial cell < 10/LPF. The resistance to
antibiotics is classified as multi-drug resistance (MDR)
and pan-drug resistance (PDR). MDR is defined as re-
sistance to at least 3 classes of anti-pseudomonas an-
tibiotics and PDR is defined as resistance to all classes
of anti-pseudomonas antibiotics except polymyxins.
The antimicrobial therapies are classified into empirical
and definitive, the former being defined as the initial
therapy before the culture results are available, and the
latter as therapy after the result of antibiotic suscepti-
bility tests are available. The antimicrobial therapy is
considered ‘concordant’ if no isolated bacteria are re-
sistant to the empirical antibiotics used in the case.

Results
Characteristics of patients

There were 146 patients included in the study.
The characteristics of the patients are shown in Table
1. Seventy percent of the patients were males with a
mean age of all patients of 70.8 years. One hundred and
ten patients (75.3%) had VAP and thirty six (24.7%) had
HAP. Most of the patients (82.9%) had late-onset pneu-
monia with a median day of onset after admission of 11
days. The median day of VAP onset after mechanical
ventilation was 9 days. The major diagnoses of the
patients on admission included neurological disorders
(26%), respiratory disorders (24.7%), cardiovascular
diseases (13.7%), and sepsis (11.6%). Most of the pa-
tients were hospitalized at general medical wards
(67.1%) and intensive care units, ICUs (17.2%). The
common co-morbid conditions included proton-pump
inhibitor usage (61%), diabetes mellitus (16.4%),
hemiplegia or quadriplegia (33.6%), and cerebrovascu-
lar diseases (30.8%). The severity of primary diagnoses
of the patients was ultimately fatal in 45.9%, rapidly
fatal in 42.5% and non-fatal in 11.6%. Many patients
received endotracheal intubation or tracheostomy
(75.3%), nasogastric intubation (69.9%) and urinary
catheterization (69.2%). The significant differences in
the characteristics of the patients between the HAP
group and VAP group were that the VAP patients had
more severe underlying diseases and received endot-
racheal intubation or tracheostomy, nasogastric intu-
bation and urinary catheterization more often than the
HAP patients, and were less likely to be hospitalized in
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Table 1. Characteristics of patients with HAP and VAP

Total HAP VAP p-value
(n = 146) (n=36) (n=110)
Gender Male 103 (70.5%) 24 (66.7%) 79 (71.8%) 0.71
Female 43 (29.5%) 12 (33.3%) 31(28.2%)
Mean age, years (SD) 70.8 (15.6) 72.5(13.1) 70.3 (16.3) 0.45
Onset of pneumonia
Early-onset 25 (17.1%) 6 (16.7%) 19 (17.3%) 1.00
Late-onset 121 (82.9%) 30 (83.3%) 91 (82.7%)
Median day of pneumonia 11 (2-176) 13.5(2-131) 10 (2-176) 0.61
onset after admission (range)
Median day of VAP onset after - 9 (2-171)
mechanical ventilation (range)
Diagnosis on admission
Neurological disorders 38 (26.0%) 8 (22.2%) 30(27.3%) 0.7
Respiratory disorders 36 (24.7%) 7 (19.4%) 29 (26.4%) 0.54
Cardiovascular diseases 20 (13.7%) 9 (25%) 11 (10%) 0.05
Sepsis 17 (11.6%) 3(8.3%) 14 (12.7%) 0.57
Gastrointestinal disorders 12 (8.2%) 4 (11.1%) 8 (7.3%) 0.49
Trauma 10 (6.8%) 1(2.8%) 9 (8.2%) 0.45
Solid tumor 7 (4.8%) 2 (5.6%) 5 (4.5%) 1
Malignancy 4 (2.7%) 0 4 (3.6%)
Other conditions 2 (1.4%) 2 (5.6%) 0
Location of the patient at diagnosis of pneumonia
General medical ward 98 (67.1%) 23 (63.9%) 75 (68.2%) 0.79
Surgical ICU 16 (11.0%) 2 (5.6%) 14 (12.7%) 0.36
General surgical ward 14 (9.6%) 7 (19.4%) 7 (6.4%) 0.04
Medical ICU 9 (6.2%) 0 9 (8.2%)
Emergency room 5 (3.4%) 2 (5.6%) 3 (2.7%)
Others 4 (2.7%) 2 (5.6%) 2 (1.8%)
Co-morbid condition
Use of proton-pump inhibitor 89 (61.0%) 24 (66.7%) 65 (59.1%) 0.54
Chronic renal failure 50 (34.2%) 10 (27.8%) 40 (36.4%) 0.46
Hemiplegia/quadriplegia 49 (33.6%) 10 (27.8%) 39 (35.5%) 0.52
Cerebrovascular disease 45(30.8%) 8 (22.2%) 37 (33.6%) 0.28
Diabetes mellitus 24 (16.4%) 7 (19.4%) 17 (15.5%) 0.76
Enteral feeding 24 (16.4%) 3 (8.3%) 21 (19.1%) 0.21
Chronic lung disease 17 (11.6%) 2 (5.6%) 15 (13.6%) 0.24
Non-abdominal postoperative surgery 16 (10.9%) 4 (11.1%) 12 (10.9%) 1.00
Solid tumors other than lung 15 (10.3%) 5 (13.9%) 10 (9.1%) 0.53
Congestive heart failure 10 (6.8%) 3 (8.3%) 7 (6.4%) 0.98
Liver cirrhosis 7 (4.8%) 2 (5.6%) 5 (4.5%) 1.00
Dementia 5 (3.4%) 0 5 (4.5%) 0.33
Acute renal failure 5 (3.4%) 0 5 (4.5%) 0.33
Hemodialysis 4 (2.7%) 0 4 (3.6%) 0.57
Metastatic tumor with lung involvement 4 (2.7%) 1 (2.8%) 3 (2.7%) 1.00
Post-abdominal surgery 4 (2.7%) 0 4 (3.6%) 0.57
Heavy alcohol drinking 3(2.1%) 3 (8.3%) 0 0.01
Peritoneal dialysis 2 (1.4%) 1 (2.8%) 1 (0.9%) 0.43
Lung cancer 2 (1.4%) 1(2.8%) 1 (0.9%) 0.43
Acute myocardial infarction 1(0.7%) 0 1 (0.9%) 1.00
Heavy Smoking 1 (0.7%) 0 1 (0.9%) 1.00
Adrenal insufficiency 1(0.7%) 0 1 (0.9%) 1.00
Severity of primary diagnosis
Ultimately fatal 67 (45.9%) 21 (58.3%) 46 (41.8%) <0.01
Rapidly fatal 62 (42.5%) 7 (19.4%) 55 (50%)
Non-fatal 17 (11.6%) 8 (22.2%) 9 (8.2%)
Presence of indwelling devices
Nasogastric tube 102 (69.7%) 15 (41.7%) 87 (79.1%) <0.01
Urinary catheter 101 (69.2%) 13 (36.1%) 88 (80%) <0.01
Endotracheal tube 78 (53.4%) 0 78 (70.9%) <0.01
Tracheostomy 32 (21.9%) 1 (2.8%) 31(28.2%) <0.01
Central venous catheter 10 (6.8%) 1 (2.8%) 9 (8.2%) 0.45
Others 6 (4.1%) 1(2.8%) 5 (4.5%) 1.00
Prior admission within last 90 days 24 8 (22.2%) 16 (14.5%) 0.41
Previous mechanical ventilation within 90 days 10 2 (5.6%) 8 (7.3%) 1.00
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the general surgical wards than the HAP patients.

Clinical manifestations and Laboratory Findings
The clinical manifestations and laboratory
findings of the patients are shown in Table 2. Most of
the patients had fever, tachypnea, tachycardia, leuko-
cytosis, anemia, elevated BUN and liver enzymes and
hypoalbuminemia. Hypoxemia was observed in 20% of
the patients at diagnosis of pneumonia. All patients
had sepsis syndrome from pneumonia with septic shock
in 7.5% of them. The radiological findings on chest X-
rays were unilateral lesions (76.7%), bronchopneumo-
nia (53.4%) and pleural effusion (15.1%). The signifi-

cant difference in the clinical manifestations of the pa-
tients between the HAP group and VAP group was
that the HAP patients had hypoxemia more often than
the VAP patients.

Microbiological Results

The microbiological results are shown in Table
3. The microbiological cultures at diagnosis of pneu-
monia were positive for bacteria in 96% of the patients.
Only 6 patients (3 in HAP and 3 in VAP groups) had
definite pathogens whereas the rest were possible
pathogens. The bacterial isolates were found in endot-
racheal aspirates (81.5%), expectorated sputum samples

Table 2. Clinical manifestations and laboratory findings at diagnosis of HAP and VAP

Total HAP VAP p

(n = 146) (n=36) (n=110)
Vital sign
Mean temperature °C (SD) 38.96 (0.86) 38.88 (0.73) 38.99 (0.90) 0.33
Mean respiratory rate/min. (SD) 28.5(5.2) 27.1(5.2) 28.9 (5.1) 0.19
Mean systolic BP, mmHg (SD) 119.9 (24.7) 115.9 (23.8) 121.3 (25.0) 0.24
Mean diastolic BP, mmHg (SD) 68.5 (13.2) 64.9 (13.6) 69.6 (12.8) 0.46
Mean pulse rate/min. (SD) 117.6 (17.0) 115.8 (16.2) 118.2 (17.3) 0.17
CBC
Mean WBC cells/fmm3 (SD) 15,346 (5,986) 16,307 (5,501) 15,031 (6,127) 0.27
Mean Hct, % (SD ) 315 (4.9 31.7 (5.49) 314 (4.9 0.77
Mean Platelets x 1000/mm3 (SD) 254 (142) 295 (153) 240 (136) 0.04
Serum Electrolytes
Mean sodium, mmol/L (SD) 138.9 (6.4) 136.9 (7.7) 139.6 (5.9) 0.03
Mean potassium, mmol/L (SD) 3.9(0.7) 3.9(0.7) 3.9(0.7) 0.98
Mean bicarbonate, mmol/L (SD) 22.6 (5.6) 22.6 (4.4) 22.7 (5.9) 0.93
Mean BUN, mg/dL (SD) 38.1(25.9) 37.3(28.8) 38.3(25.0) 0.85
Mean Creatinine, mg/dL (SD) 15(1.2) 14(1.2) 15(.2) 0.93
Median AST, IU/L (min-max) 39 (10-920) 34 (15-310) 42 (10-920) 0.25
Median AST, IU/L (min-max) 28 (3-1,351) 28 (4-341) 27 (3-1,351) 0.96
Mean albumin, g/L (SD) 2.74 (0.6) 2.88 (0.6) 2.70 (0.6) 0.17
Hypoxia by arterial blood gas or pulse oxymeter 29 (19.9%) 15 (41.7%) 14 (12.7%) <0.01
Category of sepsis
Sepsis 111 (76.0%) 25 (69.4%) 86 (78.2%) 0.53
Severe Sepsis 24 (16.5%) 8 (22.2%) 16 (14.5%)
Septic Shock 11 (7.5%) 3(8.3%) 8 (7.3%)
Sepsis Related with pneumonia 146 (100%) 36 (100%) 110 (100%)
Radiologic finding
Extent of pneumonia
Bronchopneumonia 78 (53.4%) 19 (52.8%) 59 (53.6%) 0.85
Multilobar 36 (24.7%) 8 (22.2%) 28 (25.5%)
Lobar 32 (21.9%) 9 (25%) 23 (20.9%)
Lung involvement
Unilateral 112 (76.7%) 29 (80.6%) 83 (75.5%) 0.69
Bilateral 34 (23.3%) 7 (19.4%) 27 (24.5%)
Presence of Pleural effusion 22 (15.0%) 5 (13.9%) 17 (15.5%) 0.97
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Table 3. Microbiological results

Total HAP VAP p-value
(n = 146) (n=36) (n=110)
Presence of bacteria from culture 140 (95.9%) 33 (91.7%) 107 (97.3%) 0.16
Source of microbiological culture
Endotracheal aspirate 119 (85.0%) 18 (50.0%) 101 (91.8%) <0.01
Expectorated sputum 15 (10.7%) 12 (33.3%) 3 (2.7%)
Blood 6 (4.3%) 3(8.3%) 3(2.7%)
Bacterial Isolation
Monomicrobial 87 (62.1%) 19 (52.8%) 68 (61.8%) 0.28
Polymicrobial 53 (37.9%) 14 (38.9%) 39 (35.5%)
A. baumannii 65 (46.4%) 9 (25.0%) 56 (50.9%) 0.01
MDR 8 (5.7%) 3(8.3%) 5 (4.5%) 0.41
PDR 52 (37.1%) 5 (13.9%) 47 (42.7%) <0.01
P. aeruginosa 42 (30.0%) 4 (11.1%) 38 (34.5%) 0.01
MDR 16 (11.4%) 3(8.3%) 13 (11.8%) 0.76
PDR 3(2.1%) 0 3(2.7%) 1.0
S. aureus 22 (15.7%) 8 (22.2%) 14 (12.7%) 0.27
MRSA 11 (7.9%) 5 (13.9%) 6 (5.5%) 0.14
K. pneumoniae 44 (31.4%) 17 (47.2%) 27 (24.5%) 0.02
ESBL-producing 29 (20.7%) 8 (22.2%) 21 (19.1%) 0.87
E. coli 12 (8.6% ) 5 (13.9%) 7 (6.4%) 0.17
ESBL-producing 7 (5.0%) 4 (11.1%) 3 (2.7%) 0.06
S. maltophilia 5 (3.6%) 4 (11.1%) 1 (0.9%) 0.01
C. koseri 1 (0.7%) 0 1 (0.9%) 1.00
E. aerogenes 1 (0.7%) 0 1 (0.9%) 1.00
E. cloacae 1 (0.7%) 0 1 (0.9%) 1.00
H. influenzae 1 (0.7%) 1(2.8%) 0 0.25
S. marcescens 1 (0.7%) 1(2.8%) 0 0.25
S. pneumoniae 1 (0.7%) 0 1 (0.9%) 1.00

ESBL = Extended-Spectrum-Beta-Lactamase
MRSA = Methicillin-Resistant Staphylococcus aureus

(10.3%) and blood samples (4.1%). A single type of
bacteria was found in 59.6% of the patients. The major
bacteria isolated from the patients were A. baumannii
(46.4%), P. aeruginosa (30.0%), K. pneumoniae (31.4%)
and S. aureus (15.7%). Antibiotic resistance was
observed in > 50% of the aforementioned isolated
bacteria. A. baumannii and P. aeruginosa were
significantly more common in the VAP patients whereas
K. pneumoniae was significantly more common in the
HAP patients. Antibiotic resistant A. baumannii and
P. aeruginosa were also significantly more common in
the VAP patients.

Antibiotic Therapy for Pneumonia

Antibiotics were given to all patients as
shown in Table 4. Sixty-five percent of the patients
received monotherapy. The commonly used initial an-
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tibiotics were carbapenems (45.9%), colistin (21.9%),
cephalosporins (21.2%), penicillins and derivatives
(19.2%) and vancomycin (11.6%). The initial antibiot-
ics were concordant with the isolated bacteria in 58.9%
of the patients. Modification of initial antibiotics was
made in 43.8% of the patients. The commonly modified
antibiotics were colistin (50%), carbapenems (32.8%),
cephalosporins (17.2%) and fluoroquinolones (17.2%).
The concordance of modified antibiotics was 98.4%.
The patterns of antibiotic therapy of the patients with
HAP and VAP were not significantly different.

Supportive Treatments and Treatment Outcomes
The supportive treatments and treatment out-
comes of the patients with pneumonia are shown in
Table 5. Mechanical ventilation was required in 81.5%
of the patients. Corticosteroids and vasoactive agents
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Table 4. Antibiotic therapy of HAP and VAP

Total HAP VAP p-value

(n = 146) (n=36) (n=110)
Initial Antibiotics
Monotherapy 95 (65.1%) 21 (58.3%) 74 (62.3%) 0.44
Combination 51 (34.9%) 15 (41.7%) 36 (32.7%)
Initial Antibiotics
Carbapenems 67 (45.9%) 18 (50%) 49 (44.5%) 0.71
Colistin 32 (21.9%) 5 (13.9%) 27 (24.5%) 0.97
Cephalosporins 31 (21.2%) 7 (19.4%) 24 (21.8%) 0.95
Penicillin and derivatives 28 (19.2%) 6 (16.7%) 22 (20%) 0.84
Vancomycin 17 (11.6%) 7 (19.4%) 10 (9.1%) 0.13
Aminoglycosides 10 (6.8%) 5 (13.9%) 5 (4.5%) 0.07
Quinolones 7 (4.8%) 0 7 (6.4%) 0.19
Clindamycin 3(2.1%) 1 (2.8%) 2 (1.8%) 1.00
Fosfomycin 2 (1.4%) 2 (5.6%) 0 0.06
Tigecycline 2 (1.4%) 1 (2.8%) 1 (0.9%) 0.43
Trimethoprim-Sulfamethoxazole 1 (0.7%) 1 (2.8%) 0 0.25
Concordance initial antibiotics 86 (58.9%) 22 (61.1%) 64 (58.2%) 0.91
Modification of initial antibiotics 64 (43.8%) 16 (44.4%) 48 (43.6%) 0.91
Modified Antibiotics
Colistin 32 (50.0%) 5 (31.3%) 27 (56.3%) 0.27
Carbapenems 21 (32.8%) 3 (18.8%) 18 (37.5%) 0.36
Cephalosporins 11 (17.2%) 2 (12.5%) 9 (18.8%) 1.00
Quinolones 11 (17.2%) 5 (31.3%) 6 (12.5%) 0.14
Penicillin and derivatives 5 (7.8%) 4 (25.0%) 1(2.1%) 0.01
Vancomycin 4 (6.3%) 2 (12.5%) 2 (4.2%) 0.25
Clindamycin 2(3.1%) 1 (6.25%) 1(2.1%) 0.43
Trimethoprim-Sulfamethoxazole 2 (3.1%) 1 (6.25%) 1(2.1%) 0.43
Concordance of modified antibiotics 63 (98.4%) 16 (100%) 47 (97.9%) 0.99

with bacterial isolate

were given to 3.4% and 16.4% of the patients respec-
tively. The patients were transferred to ICU in 13.7%
with the median length of ICU stay of 19.0 days. An
improvement of pneumonia at 72 hours after treatment
was observed in 56.8% whereas mortality due to pneu-
monia was observed in 14.4% of the patients. The cure
and improvement rate was 53.4% at the end of treat-
ment, whereas the mortality due to pneumonia increased
to 42.5%. The mortality due to pneumonia at 30 days
was similar to that at the end of treatment. The median
length of hospital stay was 16 days. The isolated bac-
teria were eradicated, presumably eradicated and per-
sistent in 28.7%, 23.3% and 9.6% of cases respectively.
Superinfections were observed in 9.6% of the patients.
The VAP patients were more likely to be transferred to
ICUs and received mechanical ventilation, and had
persistence of the isolated bacteria than the HAP pa-
tients.
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Factors associated with antibiotic resistant A.
baumannii or P. aeroginosa pneumonia

The factors that were significantly associated
with pneumonia from PDR A. baumannii or P.
aeroginosa were late onset pneumonia (OR 4.2, 95%
Cl1.1-13.6, p<0.01) and previous use of carbapenems
within 72 hours prior to developing pneumonia (OR
3.5,95%ClI1.4-9.2,p<0.01).

Factors associated with outcomes of pneumonia
The factors significantly associated with un-
favorable outcomes of pneumonia (failure and death)
at 72 hours after treatment (analyzed by univariate analy-
sis) were late onset of pneumonia, septic shock, severe
sepsis, multilobar pneumonia, bilateral lung involve-
ment, previous use of carbapenems within 72 hours
prior to having pneumonia, pneumonia caused by PDR
A. baumannii, and pneumonia caused by PDR A.
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Table 5. Supportive treatments and treatment outcomes of the patients with HAP and VAP

Total HAP VAP p-value

(n = 146) (n=36) (n=110)
Use of mechanical ventilator 119 (81.5%) 21 (58.3%) 98 (89.1%) <0.01
Median ventilator day (range) 10 (1-136) 10 (1-136) 10.5 (1-112) 0.78
Use of steroid during treatment of pneumonia 5 (3.4%) 2 (5.6%) 3 (2.7%) 0.60
Use of vasoactive agents during treatment of 24 (16.4%) 7 (19.4%) 17 (15.5%) 0.76
pneumonia
Transfer to ICU 20 (13.7%) 2 (5.6%) 18 (17.3%) <0.01
Median length of ICU stay, days (range) 19.0 (1-91) 47.5 (25-70) 14.0 (1-91) 0.13
Initial response at 72 hours
Improvement 83 (56.8%) 25 (69.4%) 58 (52.7%) 0.33
Failure 41 (28.1%) 8 (22.2%) 33 (30%)
Death due to pneumonia 21 (14.4%) 3 (8.3%) 18 (17.3%)
Death due to others 1 (0.7%) 0 1 (0.9%)
End-of-treatment response
Cure and Improvement 78 (53.4%) 21 (58.3%) 57 (51.8%) 0.69
Failure 3(2.1%) 1 (2.8%) 2 (1.8%)
Death due to pneumonia 62 (42.5%) 14 (38.9%) 48 (43.6%)
Death due to others 3 (2.1%) 0 3 (2.7%)
30-day mortality
Survive 55 (37.7%) 12 (33.3%) 43 (39.1%) 0.25
Death due to pneumonia 67 (45.9%) 16 (44.4%) 51 (46.4%)
Death due to others 4 (2.7%) 0 4 (3.6%)
Unknown 20 (13.7%) 8 (22.2%) 12 (10.9%)
Median length of hospital stay, days (range) 16 (1-136) 16 (1-136) 15 (1-123) 0.64
Microbiological outcome at the end of treatment
Eradication 41 (28.1%) 6 (16.7%) 35 (31.8%) 0.12
Presumed eradication 41 (28.1%) 13 (36.1%) 28 (25.5%) 0.31
Persistence 14 (9.6%) 0 14 (12.7%) 0.02
Presumed persistence 34 (23.3%) 11 (30.6%) 23 (20.9%) 0.34
Super-infection 14 (9.6%) 4 (11.1%) 10 (9.1%) 0.75
Unable to evaluate 2 (1.4%) 2 (5.6%) 0

baumannii or P. aeruginosa, as shown in Table 6. How-
ever, the factors significantly associated with unfavor-
able outcomes at 72 hours analyzed by multivariate
analysis were septic shock (OR 3.7,95% Cl1 1.1-6.9, p <
0.01) and bilateral lung involvement (OR 8.6, 95% CI
2.1-68.4,p=0.02).

The factors significantly associated with mor-
tality at the end of treatment analyzed by univariate
analysis were septic shock, severe sepsis, multilobar
involvement, bilateral lung involvement, previous
carbapenem usage within 72 hours, BUN > 20 mg/dL,
pneumonia caused by PDR A. baumannii, and pneu-
monia caused by PDR A. baumannii or P. aeruginosa
as shown in Table 7. However the factors significantly
associated with mortality at the end of treatment ana-
lyzed by multivariate analysis were only septic shock,
severe sepsis, and previous carbapenem usage within
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72 hours, as shown in Table 8.

The factors significantly associated with 30-
day mortality from pneumonia were absence of tracheo-
stomy at diagnosis of pneumonia, severe sepsis,
multilobar pneumonia, and previous carbapenem us-
age within 72 hours as shown in Table 9. The multivari-
ate analysis revealed that severe sepsis, septic shock,
and previous carbapenem usage within 72 hours were
associated with 30-day mortality from pneumonia, as
shown in Table 10.

Discussion

Our prospective active surveillance on HAP
and VAP in hospitalized adults at Siriraj Hospital was
conducted in order to accomplish the locally relevant
information to be used for proper management, control
and prevention of NP in Siriraj Hospital. Many patients
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Table 6. Univariate analysis of the factors associated with unfavorable outcomes at 72 hours

Odds Ratio 95% ClI p-value

Late onset of HAP/VAP 3.62 1.18-11.85 0.02
Diabetes mellitus 1.57 0.79-3.13 0.27
COPD 1.59 0.59-4.39 0.52
No Tracheostomy at diagnosis of pneumonia 0.89 0.40-1.99 0.94
Category of sepsis : Septic shock 8.53 1.59-60.43 <0.01

Severe sepsis 3.16 1.16-8.71 <0.01
Extent of pneumonia : multilobar 4.16 1.66-10.57 <0.01
Bilateral lung involvement 3.86 1.59-9.50 <0.01
Previous carbapenem usage within 72 hours 5.17 1.87-14.79 <0.01
Previous colistin usage within 72 hours 417 0.37-106.72 0.31
Hypotension, Systolic BP < 90 mmHg 2.06 0.27-18.27 0.65
Tachycardia, Pulse Rate > 90 BPM 3.91 0.44-34.35 0.24
Tachypnea, Respiratory Rate > 24/ min. 1.34 0.33-4.78 0.76
BUN > 20 mg/dL 2.17 0.99-4.81 0.05
Non-concordance of initial antibiotics 1.57 0.74-3.32 0.27
Positive blood culture of pathogen 2.63 0.40-21.47 0.41
Pneumonia caused by PDR A. baumannii 2.43 1.13-5.27 0.02
Pneumonia caused by PDR P. aeruginosa 2.73 0.19-78.04 0.58
Pneumonia caused by MRSA 0.32 0.0.1-3.20 0.39
Pneumonia caused by ESBL-producing pathogens 1.22 0.40-3.73 0.90
Pneumonia caused by PDR 2.34 1.09-5.06 <0.01

A. baumannii or P. aeruginosa

developed NP and were treated for NP in the general
medical wards because the capacity of ICUs was lim-
ited and the ICUs were unable to accommodate all pa-
tients who needed intensive care. Most of the patients
were elderly males with chronic and serious co-mor-
bidities. The factors associated with HAP and VAP at
Siriraj Hospital were similar to those reported in the
literature such as receiving proton-pump inhibitor, hav-
ing nasogastric intubation®¢31" Almost all NP pa-
tients in our series had bacteria isolated from respira-
tory secretions but the bacteria could be isolated from
their blood samples in only 4.2% of them. Therefore,
blood culture had very low sensitivity in determining
the causative bacteria of NP, as previously re-
ported®®®, Since 37.9% of the cases had more than
one bacteria isolated from their respiratory secretions,
the definite causative bacteria of NP could not be made
with certainty. Our series also observed that aerobic
gram negative bacteria were the most common patho-
gens for NP, similar to other centers®. The most com-
mon gram negative bacteria of NP at Siriraj Hospital
was A. baumannii (46.4%) and such prevalence was
comparable to the retrospective data of NP at Siriraj
Hospital in 2007 and in other series*2*2Y, The most
worrisome observation on the isolated bacteria from
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the patients was that the prevalence of antibiotic-re-
sistant A. baumannii was dramatically increased to
92.3% in our series. The second and the third most
common pathogens were K. pneumoniae and P.
aeruginosa in which most of K. pneumoniae isolates
were ESBL-producing strains. The factors associated
with NP caused by PDR bacteria were late-onset hos-
pital-acquired pneumonia and previous carbapenem
usage within 72 hours. This observation was logical
since these two factors were the predisposing factors
for acquiring MDR or PDR bacterial infections. The
study from Maharaj Nakorn Chiang Mai Hospital also
found that one of the risk factors for PDR-A. bamannii
infection was previous use of imipenem®?,

A delay in the administration of appropriate
antibiotic or inappropriate empirical initial antibiotic
treatment among the patients with sepsis and micro-
biologically documented infections was associated
with excess hospital mortality®1°212%, Therefore, the
appropriate initial antibiotics and early administration
of appropriate antibiotics are crucial for therapy of se-
rious infections including NP. The empirical initial anti-
biotics given to our patients with NP were concordant
with the isolated bacteria in only 58.9%. We observed
only a trend toward a significant difference in mortality
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Table 7. Univariate analysis of the factors associated with mortality at the end of treatment

Odds Ratio 95% ClI p value
Late onset of HAP/VAP 2.37 0.92-6.08 0.11
DM 1.40 0.70-2.78 0.43
COPD 1.92 0.69-5.37 0.32
Having tracheostomy at diagnosis of pneumonia 1.72 0.71-4.22 0.27
Septic shock 7.68 1.44-54.33 <0.01
Severe sepsis 2.85 1.05-7.82 <0.01
Multilobar involvement 3.78 1.52-9.52 <0.01
Bilateral lung involvement 2.94 1.32-6.55 <0.01
Previous carbapenem usage within 72 hours 4.06 1.65-9.98 <0.01
Previous Colistin usage within 72 hours 3.87 0.39-38.12 0.32
Hypotension (Systolic BP < 90 mmHg) 5.25 0.53-126.46 0.17
Tachycardia (Pulse Rate > 90 BPM) 1.64 0.29-9.22 0.69
Tachypnea (Respiratory Rate > 24/min) 1.44 0.43-5.16 0.76
BUN > 20 mg/dL 2.50 1.19-5.24 0.02
Non-concordance of initial antibiotics 1.63 0.76-3.50 0.23
Positive blood culture of pathogen 0.56 0.07-3.72 0.81
PDR A. baumanni pneumonia 3.39 1.57-7.40 <0.01
PDR P. aeruginosa pneumonia 0.62 0.02-8.95 1.00
MRSA pneumonia 0.44 0.09-1.94 0.35
ESBL-producing bacterial pneumonia 1.00 0.44-2.27 0.86
PDR A. baumannii or PDR P. aeruginosa 2.719 1.38-5.63 <0.01
Table 8. Multivariate analysis of the factors associated with mortality at the end of treatment

Odds Ratio 95% ClI p value
Category of sepsis: Septic Shock 12.82 2.26-72.72 <0.01

Severe sepsis 2.83 1.04-7.69 0.04

Previous carbapenem usage within 72 hours 3.54 1.33-9.45 0.01
Table 9. Univariate analysis of the factors associated with 30-day mortality

Odds Ratio 95% ClI p-value
Absence of tracheostomy at diagnosis of pneumonia 2.77 1.07-7.32 0.04
Category of sepsis : Severe sepsis 3.25 1.07-10.27 0.04

Septic Shock 5.16 1.53-2.15 <0.01

Multilobar involvement 2.9 1.08-7.78 0.03
Previous carbapenem usage within 72 hours 3.23 1.09-9.98 0.03
PDR A. baumannii or P. aeruginosa 2.46 1.46-2.01 0.03
Table 10. Multivariate analysis of the factors associated with 30-day mortality

Odds Ratio 95% ClI p-value
Severe sepsis 2.976 1.05-8.41 0.04
Septic shock 5.172 1.04-25.75 0.05
Previous Carbapenem usage within 72 hours 3.668 1.21-9.29 0.02
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between the patients who received concordant initial
antibiotics and those who did not receive concordant
initial antibiotics (OR 1.57, 95%CI 0.74-3.32) in a
univariate analysis. This could be due to a sample size
and/or most of our patients had serious and severe
pneumoniai.e. septic shock (OR 3.7,95% C1 1.1-6.9, p <
0.01) and bilateral lung involvement (OR 8.6, 95% CI
2.1-68.4, p = 0.02) that were found to be associated with
mortality from pneumonia. Nearly half of initial antibi-
otics given to the patients were modified and half of
modifications were switching to colistin according to
the susceptibility profiles of the isolated bacteria. The
decision analysis of including polymyxin in the initial
empirical antibiotic regimen for treating serious infec-
tions revealed that polymyxin was justified in a
healthcare setting where the prevalence of gram nega-
tive pathogens were susceptible only to polymyxins
was found to be approximately 50%?%. The prevalence
of PDR A. baumanni and P. aeruginosa in our patients
was 31.8%. Therefore, colistin may not be necessary to
be included in empiric antibiotic regimen for all patients
with NP at Siriraj Hospital. However, if the patient was
likely to have NP due to A. baumanni such as the pa-
tient who had recently received carbapenem or the pa-
tient who had A. baumanni colonization in the respira-
tory tract prior to developing NP, or if gram stain of the
respiratory secretion revealed gram negative bacteria
suggestive of being A. baumanni, colistin should be
included in empiric antibiotic therapy regimen.
Clinical improvement of NP usually becomes
apparent after 48 to 72 hours of therapy and is associ-
ated with the outcomes of treatment®2). Clinical im-
provement at 72 hours after treatment was observed in
56.8% of the patients in our series. The concordance of
initial antibiotic was not significantly associated with
the initial improvement at 72 hours as mentioned ear-
lier. The mortality from NP observed in the patients at
the end of treatment and at 30 days after treatment was
approximately 40% that was comparable to the retro-
spective data of NP at Siriraj Hospital in 2007 and other
large series*111520.2127-29) The factors associated with
unfavorable outcomes at 72 hours, at the end of treat-
ment, and at 30 days after treatment were septic shock,
sever sepsis, multilobar pneumonia, and bilateral lung
involvement. Pneumonia caused by PDR-pathogens
was associated with unfavorable outcomes in
univariate analysis but not present in the multivariate
analysis. This might be explained by the fact that NP
caused by PDR pathogens usually led to septic shock,
severe sepsis, multilobar pneumonia, and bilateral pneu-
monia. Carbapenem usage within 72 hours was signifi-
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cantly associated with mortality at end of treatment
and at 30 days. Therefore the clinician should avoid
inappropriate use of carbapenem in order to minimize
the risk of acquiring severe infections caused by PDR
bacteria.

Conclusion

Nosocomial pneumonia remains the important
problem in hospitalized patients at Siriraj Hospital be-
cause of its” high morbidity and high mortality rate.
This infection mainly affected elderly with co-morbid-
ity who had prolonged hospitalization, particularly in
medical wards and ICUs. The common isolated patho-
gens were MDR or PDR-organisms, especially A.
baumannii, P. aeruginosa, K. pneumoniae and MRSA.
Most episodes of inadequate antimicrobial treatment
were attributed to potentially antibiotic-resistant gram-
negative bacteria. The responsible healthcare person-
nel should be aware of drug-resistant pathogens in
causing nosocomial pneumonia and they should pro-
vide antimicrobial agents that are active against such
common drug-resistant bacteria.
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