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ABSTRACT

Introduction: Nosocomial pneumonia is a
common infection associated with high mor-
tality in hospitalized patients. Nosocomial
pneumonia, caused by gram-negative bacteria,
often occurs in the elderly and patients with co-
morbid diseases.
Methods: Original research using a prospective
cross-sectional design was conducted on 281
patients in an intensive care unit setting with
nosocomial pneumonia between July 2015 and
July 2019. For each nosocomial pneumonia
case, data regarding comorbidities, risk factors,

patient characteristics, Charlson comorbidity
index (CCI), Systemic Inflammatory Response
Syndrome (SIRS), and quick Sepsis-Related
Organ Failure Assessment (qSOFA) points and
treatment outcomes were collected. Data were
analyzed by SPSS 22.0.
Results: Nosocomial pneumonia due to gram-
negative bacteria occurred in patients with
neurological disorders (34.87%), heart diseases
(16.37%), chronic renal failure (7.12%), and
post-surgery (10.68%). Worse outcomes attrib-
uted to nosocomial pneumonia were high at
75.8%. Mechanical ventilation, change of
antibiotics, and CCI C 3 and qSOFA C 2 were
significantly negative prognostic factors
(p\ 0.05) on outcomes of nosocomial pneu-
monia. There was no difference in treatment
effects between gender, age, time of onset
pneumonia, SIRS score (p[ 0.05). The
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pathogens were significant factors that influ-
ence treatment effects, but they weren’t inde-
pendent risk factors for poor outcomes
(p = 0.823).
Conclusions: Patients with nosocomial pneu-
monia hospitalized in intensive care units are
usually associated with many underlying dis-
eases, including neurological diseases.
Mechanical ventilation, a change in antibiotics,
CCI C 3, and qSOFA C 2 are also associated
with a worse prognosis of nosocomial pneu-
monia. CCI and qSOFA might be used in pre-
dicting the outcome of nosocomial pneumonia.

Keywords: Nosocomial pneumonia; Risk
factors; qSOFA; CCI; Treatment outcomes

Key Summary Points

Why carry out this study?

Nosocomial pneumonia (NP) due to gram-
negative bacteria was the most acquired
infection in hospitals. Finding risk factors
was an important role that helps to improve
mortality and poor outcomes of NP.

This study found associations of risk
factors and functions of quick Sepsis-
Related Organ Failure Assessment
(qSOFA), Systemic Inflammatory
Response Syndrome (SIRS), and Charlson
comorbidity index (CCI) scores in
predicting worse clinical outcomes among
patients with NP due to gram-negative
bacteria.

What was learned from the study?

Neurological diseases increased to develop
nosocomial pneumonia in intensive care
unit patients.

Risk factors, including mechanical
ventilation and a change in antibiotics,
were associated with a worse prognosis of
nosocomial pneumonia.

qSOFA and CCI scores were simple and
valuable scores in predicting treatment
outcomes to assist clinical decision-
making.

INTRODUCTION

Nosocomial pneumonia (NP) is the most com-
monly acquired infection in hospitals. In 2008,
research on the incidence of NP in ten Asian
countries, including China, Hong Kong,
Malaysia, Pakistan, Philippines, Singapore,
Korea, Taiwan, India, and Thailand, showed
that infection rates ranged from 6.1 to 15% in
an intensive care unit (ICU). In this study,
China had 1.0 per 1000 admissions due to NP,
but in 2016, the incidence of NP increased
rapidly, comprising 30.1% of ICU patients in 25
hospitals [10, 18]. In Vietnam, the results of a
nationwide investigation of 19 hospitals
showed that NP accounted for 55.45% of hos-
pital-acquired infections and lasted from 6 to
13 days, increasing the cost of hospitalization
by 15–23 million VND [5].

Furthermore, there is evidence that gram-
negative bacteria infection is a major factor that
leads to increased mortality and morbidity of
NP [17, 19]. In addition, some studies from
different countries have shown that there are
six factors, including late-onset NP, multilobar
pneumonia, mechanical ventilation, inappro-
priate antibiotic therapy, severe sepsis, and
septic shock, which might be significantly
associated with high mortality and poor out-
comes of NP [12, 22, 29]. Therefore, under-
standing risk factors that impact clinical effects
is essential to predict and prevent adverse
outcomes.

Several studies have investigated the utility
of risk scores in predicting treatment outcomes
to assist clinical decision-making in recent
years. Charlson comorbidity index (CCI), quick
Sepsis-Related Organ Failure Assessment
(SOFA), and Systemic Inflammatory Response
Syndrome (SIRS) scores are convenient and
straightforward measures that have utility as
clinical predictors. Research shows that qSOFA
and CCI scores are useful for prognostication in
patients with community-acquired pneumonia
[2, 3, 16]. However, there is relatively little
research regarding the roles of qSOFA and CCI
scores in NP. In this study, we found associa-
tions of risk factors and functions of qSOFA,
SIRS, and CCI scores in predicting worse clinical
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outcomes among patients with NP due to gram-
negative bacteria at a public hospital in south-
ern Vietnam.

METHODS

Design and Patients

This prospective cross-sectional study was
undertaken in an ICU at Can Tho General
Central Hospital Vietnam with 281 patients
from July 2015 until July 2019. Adult patients
(aged 18 years old and over) diagnosed with
first-ever NP with any underlying diseases or
conditions and treated in an ICU were consid-
ered for possible inclusion in the study. NP was
defined as pneumonia that occurred 48 h or
more after admission within an ICU or other
wards. NP participants were followed up on the
seventh day after commencing treatment with
antibiotics for NP or death. Exclusion criteria
were acute pulmonary edema, other active
pulmonary diseases, or lack of diagnostic tests
to confirm pneumonia, or gram-positive bacte-
ria or AFB positive test.

The study was conducted at Can Tho Central
General hospital with 500 beds, including 30
beds in the ICU. We chose to routinely evaluate
patients on the seventh day, as the average
length of stay at an ICU ranged between 7 and
10 days.

Researchers responsible for data collection
obtained consent from the participants who
were given information regarding the purpose
of the study and understood that they could
withdraw at any point in the survey without it
affecting their care. The Institutional Review
Board approved this observational study of Can
Tho University of Medicine and Pharmacy,
Vietnam with 1530/QD—DHYDCT in June
2015. This study was performed in accordance
with the Helsinki Declaration of 1964 and its
later amendments. Antibiotic treatment was
administered according to hospital guidelines.

Definition of Nosocomial Pneumonia

NP was defined as pneumonia 48 h or more
after admission with: the presence of new or
worsened pulmonary infiltrates on chest X-ray
and at least one of the following criteria:
leukocyte count above 12,000/mm3 or below

Patients with Nosocomial pneumonia  

in intensive care unit (n = 298) 

Patients with Nosocomial pneumonia due to  

Gram negative bacteria (n = 281) 

Excluded: Nosocomial pneumonia due to 

Gram positive bacteria (n=17) 

- Staphylococcus aureus (n = 12)

- Streptococcus pneumoniae (n=2)

- Streptococcus mitis (n=1)

- Streptococcus agalactiae (n=1) 

- Kocuria rosea (n=1)

Fig. 1 Flow diagram of the study population
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4000/mm3 or temperature above 38.3 �C, and at
least two clinical criteria: purulent sputum;
cough, or dyspnea; declining oxygenation or
increased oxygen-requirement or need for res-
piratory assistance. NP included hospital-ac-
quired pneumonia (HAP) and ventilator-
associated pneumonia (VAP) [20]. HAP was an
episode of NP that was not associated with
mechanical ventilation for at least 48 h. VAP is
defined as a condition developed more than
48 h after intubation and ventilation [13, 23].

Definition of Variables

Charlson comorbidity index (CCI) is a com-
bined risk score used to quantify an individual’s
disease burden and corresponding 1-year mor-
tality risk. We calculated the CCI score based on
the methodology applied in previous studies
[9, 24]. As a CCI score C 3 was found to be
associated with a high risk of death or failure
treatment, we used this cut-off point for our
analyses [7].

Systemic inflammatory response syndrome
(SIRS) and Quick Sequential Organ Failure
Assessment (qSOFA) are system scores for pre-
dicting mortality in sepsis patients [6, 27]. A

Table 1 Baseline characteristics of study patients

Variables N = 281 %

Sex

Male 161 57.30

Female 120 42.70

Agea 70.49 ± 15.04

Ventilator-associated pneumonia

Yes 163 58.01

No 118 41.99

Comorbidities

Central neurological disease 82 29.18

Peripheral neurological disease 16 5.69

Pancreatitis 4 1.42

Chronic obstructive pulmonary

disease

23 8.19

Asthma 3 1.07

Post-surgery 30 10.68

Hyperglycemia 8 2.85

Cancer 3 1.07

Coronary artery disease 22 7.83

Heart failure 21 7.47

Kidney failure 20 7.12

Gastrointestinal bleeding 4 1.42

Liver disease 4 1.42

Blood disorders 1 0.36

Heart rhythm disorders 3 1.07

Others 37 13.17

Time onset of NP

Early (B 4 days) 91 32.38

Late ([ 4 days) 190 67.62

Change of antibiotics

No 48 17.08

Yes 233 82.92

qSOFA

C 2 131 46.62

Table 1 continued

Variables N = 281 %

\ 2 150 53.38

SIRS

C 2 270 96.09

\ 2 11 3.91

CCI

C 3 194 69.04

\ 3 87 30.96

NP nosocomial pneumonia, CCI Charlson comorbidity
index, SIRS systemic inflammatory response syndrome,
qSOFA quick Sequential Organ Failure Assessment,
COPD chronic obstructive pulmonary disease
a Variable was shown as mean ± SD
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Table 2 Characteristic differences between HAP and VAP

Variables VAP HAP p value

No
(N = 70)

N (%) No
(N = 70)

N (%)

Age

C 65 114 69.94 82 69.49 0.936

\ 65 49 30.06 36 30.51

Pathogensa

Acinetobacter baumannii 102 62.58 75 63.56 0.008

Pseudomonas aeruginosa 29 17.79 12 10.17

Klebsiella pneumoniae 13 7.98 23 19.49

Proteus 7 4.29 0 0.00

Escherichia coli 4 2.45 5 4.24

Serratia marcescens 5 3.07 2 1.69

Burkholderia cepacia 1 0.61 0 0.00

Other gram-negative bacteria 2 1.23 1 0.85

Time onset of NP

Early 47 28.83 44 37.29 0.156

Lately 116 71.17 74 62.71

qSOFA

C 2 80 49.08 51 43.22 0.331

\ 2 83 50.92 67 56.78

SIRSa

C 2 156 95.71 114 96.61 0.766

\ 2 7 4.29 4 3.39

CCI

C 3 120 73.62 74 62.71 0.051

\ 3 43 26.38 44 37.29

Length of stay in hospitalb 30.15 ± 17.37 27.69 ± 19.86 2.231

Using Chi-square test
NP nosocomial pneumonia, CCI Charlson comorbidity index, SIRS systemic inflammatory response syndrome, qSOFA
quick Sequential Organ Failure Assessment, COPD chronic obstructive pulmonary disease
a Using Fisher’s test
b Using independent samples t test
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high risk for sepsis is defined as SIRS C 2 or
qSOFA C 2 [15].

Early onset NP and late-onset NP are defined
as occurring within 4 days of admission,
respectively [14].

A change of antibiotics was defined as adding
or switching to another antibiotic with a
broader antibacterial spectrum after having
results of antimicrobial susceptibility testing
[22].

Data Collection

Datasets of patients in the ICU department were
obtained from medical records as soon as
patients were diagnosed with NP. The following
data were recorded for all patients on baseline
characteristics: age, sex, risk factors, underlying
disease, calculated Charlson comorbidity index
(CCI), systemic inflammatory response syn-
drome (SIRS), and quick Sequential Organ Fail-
ure Assessment (qSOFA) scores. The time of
onset of pneumonia and antibiotic use process
was recorded as well.

Changing the initial antibiotic was consid-
ered a bad factor for treatment progress.
Antibiotic is the most important option for
treating infectious diseases. Nevertheless, there
are various reasons leading to difficulty in
selecting the initial antibiotic therapy. Chang-
ing initial antibiotics often occurs when an
antibiogram shows the resistance of bacteria to
prescribed antibiotics or the worse clinical sta-
tus after conducting initial antibiotic therapy.
All participants were monitored for use and
change of antibiotics and mortality/morbidity
on day 7. We also evaluated clinical outcomes
on day 7.

Outcomes

The primary outcome measure was any negative
outcome at 7 days after NP. Worse outcome (or
adverse prognosis) was defined as mortality for
any causes after diagnosing NP, or a worsening
of clinical status (C-reactive protein ratio of[
0.4 and no improvement in pulse, temperature,

blood pressure, and oxygen saturation) at 7 days
[8].

Statistical Analysis

Risk factors were calculated as frequency and
estimated with 95% confidence intervals (CIs).
Data were analyzed using SPSS version 22.0.
Statistically significant differences in values
(age, sex, ventilate invasion, antibiotic essen-
tials, Charlson comorbidity index, SIRS, and
qSOFA score) between cases were analyzed
using conditional logistic regression modeling,
with variables with a p value\0.1 on the uni-
variate analysis included in the models. Statis-
tical significance was established at p\ 0.05.
Odds ratio (OR), 95% CIs, and p values were
performed for all univariate and multivariate
models. OR[ 1 may increase the odds of an
outcome.

RESULTS

Characteristic of Patients

During the 4 years, 281 patients were identified
as having NP due to gram-negative bacteria,
including 161 men (57.3%) and 120 (42.7%)
women (Fig. 1). The mean ((± SD) value of the
age of patients was 70.49 ± 15.04 years, with
two-thirds aged 65 years old and over. Of the
patients, 67.62% had late-onset pneumonia,
and 58.01% had VAP. Neurological disorders
were the most common comorbidity associated
with NP. Almost all patients were treated with
antibiotics, but 82.92% had antibiotics added or
changed (Table 1). Microbial etiology was the
significant difference between HAP and VAP
(Table 2). The pathogens were also associated
with the department before being admitted to
the ICU (Table 3).

Outcome of Treatment

The rate of worse outcomes was high at 75.8%.
Many factors were associated with negative
effects such as age, sex, time onset of pneumo-
nia, underlying disease, ventilator, and scores.
Pathogens, mechanical ventilation (MV),
change of antibiotics, and qSOFA C 2 were sig-
nificantly associated with an unfavorable
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Table 4 Risk factors for predicting treatment effect of NP due to harmful gram bacteria

Variables Worse outcomes p value

No Yes

(N = 68) N% (N = 213) N%

Sex

Male 38 55.88 123 57.75 0.787

Female 30 44.12 90 42.25

Age

C 65 45 66.18 151 70.89 0.461

\ 65 23 33.82 62 29.11

Ventilator-associated pneumonia

Yes 46 67.65 117 54.93 0.064

No 22 32.35 96 45.07

Change antibiotics

No 21 30.88 27 12.68 0.001

Yes 47 69.12 186 87.32

Time onset of NP

Early 22 32.35 69 32.39 0.995

Lately 46 67.65 144 67.61

qSOFA

C 2 11 16.18 120 56.34 0.000

\ 2 57 83.82 93 43.66

SIRS

C 2 64 94.12 206 96.71 0.471

\ 2 4 5.88 7 3.29

CCI

C 3 53 77.94 141 66.20 0.068

\ 3 15 22.06 72 33.80

Pathogens
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prognosis (p\ 0.01). In contrast, SIRS was not
significant in predicting outcomes (Table 4),
and the association of MV and CCI C 3 with
worse results was stronger after accounting for
covariates in a fully adjusted model (Fig. 2).

DISCUSSION

In the present study, CCI was a strong predictor
of worse outcomes for NP. This was consistent
with published research. In 2021, a study of 459
pneumonia patients reported that CCI was a
significantly good predictor of mortality with
AUC (0.83) [3]. As indicated by CCI C 3, mul-
timorbidity was a strong predictor of poor out-
comes among patients with NP [7].

Initial qSOFA was found to be useful in pre-
dicting response to treatment in NP patients.
Our study, to our knowledge, is the first to date
to demonstrate the utility of qSOFA among
patients with NP in an ICU setting. In a cohort
study of 6874 patients from two Spanish uni-
versity hospitals, SIRS and qSOFA scores were
calculated to evaluate their clinical utility and
hospital mortality. SIRS had a lower net benefit

than qSOFA, significantly increasing the risk of
over-treatment and underperforming in pre-
dicting mortality [21, 25]. Similarly, in our
research, qSOFA C 2 was associated with an
increased risk for worse outcomes. This suggests
that the qSOFA is straightforward but helpful
for evaluating the severity of community-ac-
quired pneumonia [27, 30] and NP.

MV and change of initial antibiotics were
important predictive factors of poor outcomes
after NP. The findings are consistent with those
from previous studies [1, 4, 11, 22, 23]. Any
change in antibiotic therapy after 72 h can
cause increased antibiotic resistance, which is
considered a factor in increasing the length of
days in hospital and treatment failure [22, 23].
Furthermore, ventilation was required for severe
respiratory failure, and multiple infiltrates in
the lung, which did not respond to initial
antibiotics [4, 11].

The pathogens were major factors of worse
outcomes, but they were not independent risk
factors that influenced treatment outcomes.
The pathogens are different in the department
and types of NP. Acinetobacter baumannii, Pseu-
domonas aeruginosa, and Klebsiella pneumoniae)

Table 4 continued

Variables Worse outcomes p value

No Yes

(N = 68) N% (N = 213) N%

Acinetobacter baumannii 41 60.29 136 63.85 0.041

Pseudomonas aeruginosa 13 19.12 28 13.15

Klebsiella pneumoniae 4 5.88 32 15.02

Proteus 5 7.35 2 0.94

Escherichia coli 2 2.94 7 3.29

Serratia marcescens 2 2.94 5 2.35

Burkholderia cepacia 0 0.00 1 0.47

Other gram-negative bacteria 1 1.470588 2 0.94

Using Chi-square test
NP nosocomial pneumonia, CCI Charlson comorbidity index, SIRS systemic inflammatory response syndrome, qSOFA
quick Sequential Organ Failure Assessment
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were common pathogens for NP in Asian
countries and they were also multidrug-resis-
tant bacteria in Vietnam. Therefore, treatment
for microbial etiology in NP was complex
[10, 11].

Our study showed no differences in age and
time onset of pneumonia between groups,
consistent with other studies. Similarly, there
were no differences in antibiotic treatment,
treatment failure rate, pathogens, and antibiotic
resistance between younger and older patients
(aged 65 and over) or patients with early and
late-onset NP [14, 26].

Obviously, our findings were consistent with
the conventional studies on risk variables such
as MV, first antibiotic change, and infections,
all of which had a substantial influence on the
outcomes of NP therapy [1, 4, 11, 22, 23].
Moreover, based on the studies above on the
role of qSOFA and CCI in community-acquired
pneumonia, we have collected and analyzed
data to determine the helpfulness of qSOFA and
CCI scores to NP [2, 3, 28]. The studies’
strengths should be acknowledged, including
prospective study design with 4 years of data
collection and the use of qSOFA and CCI to
predict outcomes among NP in an ICU setting.

The limitations in our study were: short fol-
low-up time (7 days), lack of etiology of treat-
ment failure of pneumonia, and insufficient
sample for further statistical analysis (e.g.,

predictive modeling with areas under the
curve). Therefore, other studies are needed to
design a model for predicting the clinical effect
of NP.

CONCLUSIONS

Patients with nosocomial pneumonia hospital-
ized in intensive care units are usually associ-
ated with many underlying diseases, including
neurological diseases. Mechanical ventilation, a
change in antibiotics, CCI C 3, and qSOFA C 2
are also associated with a worse prognosis of
nosocomial pneumonia. CCI and qSOFA might
be used in predicting the outcome of nosoco-
mial pneumonia.
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