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Background: Hospital-acquired pneumonia (HAP) remains an important cause of morbidity and mortality
despite advances in antimicrobial therapy. The emergence of Gram-negative bacteria (GNB) is of major
concern. The objective of this study was to describe the epidemiology, microbiology, and predictors of
infection-related 30-day mortality in HAP with GNB.
Methods: We performed a retrospective, single-center analysis of HAP patients with GNB occurring from
January 2014 and December 2017. Univariate and multivariate analyses were performed to identify the
risk factors for mortality.
Results: During the observational period, there were 1472 cases of HAP; 314 cases were bacterial
culture-positive, 269 cases were caused by GNB, with a predominance of Acinetobacter baumannii and
Pseudomonas aeruginosa. The mortality related to GNB was 14.5% (39 deaths).In the multivariate logistic
regression analysis, the risk factors for mortality were age >70 years, intensive care unit (ICU) admission,
blood lymphocyte count < 0.8 x 10°/L, multidrug-resistant Gram-negative bacteria(MDR-GNB) infection,
and elevation of blood urea nitrogen(BUN) level. We identified these factors as significant predictors of
GNB related mortality; the area under the receiver operating characteristic (ROC) curves was 0.836.
Conclusion: The results provided can help clinicians in identifying individuals who are at risk of infection-
related 30-day mortality in HAP with GNB.
© 2019 The Authors. Published by Elsevier Limited on behalf of King Saud Bin Abdulaziz University
for Health Sciences. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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Background

Hospital-acquired pneumonia (HAP) is a common hospital-
acquired infection resulting in prolonged hospital stay, increased
burden, and high patient mortality [1]. In the United States, HAP
is the second most common nosocomial infection, with the inci-
dence ranging from 0.5-1% [2]. Studies in China have recorded the
incidence of HAP to be 1.74-6.4% [3,4]. HAP was noted as the most
common hospital-acquired infection in adult intensive care units
in Vietnam [5]. Bacterial infection is the main cause of HAP, which
means it is important to determine its etiology [2,6].Gram-negative
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bacteria are more prevalent than Gram-positive bacteria in HAP
[6,7], resulting in longer hospital lengths of stay, increased costs,
and high mortality [8,9].The objective of this study was to describe
the epidemiology, microbiology, and predictors of infection-related
30-day mortality in HAP with Gram-negative bacteria (GNB).

Methods

Data related to all episodes of HAP caused by GNB that occurred
in the third affiliated hospital of Sun Yat-sen University, Guang-
dong, China, between January 2014 and December 2017 were
collected. All included patients were at least 18 years old. The
criteria for a diagnosis of HAP [2] included a new pulmonary
infiltrate confirmed by X-ray or computed tomography (occurred
>48 h after admission) associated with at least one of the follow-
ing: new or worsening cough with or without sputum production,
fever (temperature >37.8°C) or hypothermia (<35.6°C), leukocy-
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Fig. 1. Analysis plan.

tosis, left shift, or leukopenia based on local normal values. Cases
of ventilator-associated pneumonia, acquired immune deficiency
syndrome, and those missing key data were excluded.

Pathogenic organisms [ 10] were identified through quantitative
culture (>10* colony forming units/mL) of bronchoalveolar lavage
specimen, semiquantitative culture (moderate or heavy growth)
of bronchoscopic aspirate or bronchoalveolar lavage specimen of
endotracheal aspirate with white blood cell count >25 cells/high
power field on Gram stain, or adequate sputum with white blood
cell count >25 cells/ high power field and <10 epithelial cells on
Gram stain. Pathogenic organism susceptibility testing was per-
formed by adopting the micro dilution method (MicroScan system;
Baxter Health Care, West Sacramento, CA, USA), and the results
were interpreted according to the National Committee for Clinical
Laboratory Standards guidelines published in 2012 (Clinical and
Laboratory Standards Institute, 2012).Here, multidrug-resistant
Gram-negative bacteria(MDR-GNB)were defined as organisms
resistant to at least one agent of three or more antimicrobial
categories in susceptibility tests of isolates from patients with
HAP. The antimicrobial categories used in this investigation were
aminoglycosides, carbapenems, cephalosporins, fluoroquinolones,
penicillin + 8-lactamase inhibitors, and polymyxin [11]. Statistical
analyses of parametric data were reported as frequency, percent-
age, mean value, and standard deviation. Nonparametric data were
reported as frequency and percentage. Simple logistic regression
analysis was used and each independent variable was analyzed
together with the dependent variable pneumonia. This is reported
as the Pvalue and odds ratio (OR). A receiver operating characteris-
tic (ROC) curve was used to analyze the probability of GNB-related
mortality. The accepted level of significance was P< 0.05. Statistical
analysis was performed using SPSS Statistics version 20 (IBM Corp.,
Armonk, NY, USA).

Results

During the observational period, 1472 cases of HAP occurred
among 210,417 inpatients; 314 cases were bacterial culture-
positive and 269 cases were due to GNB (Fig. 1), with a
predominance of Acinetobacter baumannii (28.4%), Pseudomonas
aeruginosa (24.6%) and Klebsiella pneumonia (18.2%) (Table 1)
and164 (61.0%) were due to MDR-GNB. There were 107 cases

Table 1

Distribution of GNB.
Pathogenic organisms n=285 (%)
Acinetobacter baumannii 81(28.4%)
Pseudomonas aeruginosa 70 (24.6%)
Klebsiella pneumonia 52(18.2%)
Stenotrophomonas maltophilia 31(10.9%)
Escherichia coli 16 (5.6%)
Enterobacter cloacae 10 (3.5%)
Others 25 (8.8%)

Table 2

Demographic, laboratory and clinical variables of 269 HAP with GNB.
Characteristics Value
Age>70,y 107 (39.8%)
Gender: male 194 (72.1%)
Smoke 60 (22.3%)
Diabetes mellitus 34 (12.6%)
COPD 24 (8.9%)
Antibiotics therapy in the preceding 90 days 184 (68.4%)
Prior endotracheal tracheostomy 64 (23.8%)
Stomach tube intubation 160 (59.5%)
Central venous catheterization 86 (32.0%)
Multi-lobular infiltration 228 (84.8%)
CRP 54.77 £39.05
WBC, *10e9/1 11.46+6.90
Lymphocyte count <0.8*10e9/1 83 (30.9%)
BUN 7.91+6.67
MDR 164 (61.0%)
Use of PPI 188 (69.9%)
ICU admission 18 (6.7%)
Related mortality 39 (14.5%)

Abbreviations: COPD: chronic obstructive pulmonary disease; CRP: C-reactive pro-
tein; WBC: white blood cell; BUN: blood urea nitrogen; MDR: multidrug resistant;
PPI: proton pump inhibitor; ICU: intensive care unit.

(39.8%) among patients older than 70 years; 184 (68.4%) patients
had antibiotic therapy in the preceding 90 days. One hundred
and sixty (59.5%) cases underwent gastric intubation and 18(6.7%)
were admitted to the intensive care unit (ICU). Eighty-three (30.9%)
had blood lymphocyte count <0.8 x 10%/L, and blood urea nitrogen
(BUN) level 7.91 4 6.67 mmol/L. The mortality rate related to GNB
was 14.5% (39 deaths) (Table 2).

Logistic regression analysis identified independent risk fac-
tors for 30-day mortality: age>70 years, ICU admission, blood
lymphocyte count <0.8 x 109/L, MDR-GNB infection, elevation
of BUN level, C-reactive protein level, neutrophil-to-lymphocyte
count ratio, and proton pump inhibitor use. In the multivari-
ate logistic regression analysis, with p<0.20 was considered as
criterion for selection of variables, the risk factors for mortal-
ity were age>70 years (odds ratio [OR]=3.053, 95% confidence
interval (CI): 1.291-7.221, P=0.01), ICU admission(OR =5.920, 95%
Cl: 1.586-22.100, P=0.01), blood lymphocyte count<0.8 x 109/L
(OR=2.503, 95% CI: 1.094-5.727, P=0.03), MDR-GNB infection
(OR=6.025, 95%CI: 1.894-19.166, P<0.001), and elevation of BUN
level(OR=1.080, 95% CI: 1.014-1.149, P=0.02) (Table 3). We iden-
tified these factors as significant predictors of GNB-HAP related
mortality; the area under the receiver operating characteristic
(ROC) curve was 0.836 Fig. 2.

Discussion

In this study, we noted that GNB was the major pathogen of
HAP similar to that seen in previous studies [6,7,12]. This occurred
because warmer climates, increased prevalence of organisms in the
environment and the developing world tend to have higher rates
of
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Table 3
Significant univariate and multivariate logistic regression analyses of risk factors associated with 30-day mortality.
Characteristics Related mortality Survival Univariate Multivariate
n=39 (14.5%) n=230(85.5%) OR 95% CI P OR 95% CI P
Age > 70,y 28 (71.8%) 79 (34.3%) 4.865 2.301-10.286 <0.001 3.053 1.291-7.221 0.01
Gender: male 27 (69.2%) 167 (72.6%) 0.664
Smoke 7 (17.9%) 53 (23.0%) 0.481
Diabetes mellitus 6 (15.4%) 28 (12.2%) 0.578
COPD 5(12.8%) 19 (8.3%) 0.36
Antibiotics therapy in the preceding 90 days 32(82.1%) 152 (66.1%) 0.053
Prior endotracheal tracheostomy 6 (15.4%) 58 (25.2%) 0.188
Stomach tube intubation 28 (71.8%) 132 (57.4%) 0.094
Central venous catheterization 11 (28.2%) 75 (32.6%) 0.586
Multi-lobular infiltration 32(82.1%) 196 (85.2%) 0.612
CRP 68.87 £34.44 52.37+39.35 1.009 1.001-1.016 0.02
WABC, *10e9/1 10.67+5.88 11.60+7.06 0.569
Lymphocyte count <0.8*10e9/1 19 (48.7%) 64 (27.8%) 2.464 1.235-4.917 0.011 2.503 1.094-5.727 0.03
BUN 13.24+12.21 6.97 +4.54 1.124 1.062-1.189 <0.001 1.08 1.014-1.149 0.02
MDR 35(89.7%) 129 (56.1%) 6.851 2.358-19.908 <0.001 6.025 1.894-19.166 <0.001
Use of PPI 34 (87.2%) 154 (67.0%) 3.356 1.262-8.925 0.015
ICU admission 9(23.1%) 9(3.9%) 7.367 2.711-20.016 <0.001 5.920 1.586-22.100 0.01

Notes: Data were presented by median (interquartile range), numbers (percentage), or mean + standard deviation (x & s) (continuous). Continuous variables were compared
using student’s t-test or Mann-Whitney U-test and categorical variables using Pearson’s chi-square or Fisher's exact probability test. P-value <0.05 is considered significant.
Abbreviations: COPD: chronic obstructive pulmonary disease; CRP: C-reactive protein; WBC: white blood cell; BUN: blood urea nitrogen; MDR: multidrug resistant; PPI:

proton pump inhibitor; ICU: intensive care unit.
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Fig. 2. The area under of the ROC curve for predicting 30-day mortality.
Abbreviation: AUC, area under curve.

infection with GNB, especially with Acinetobacter [6,13]. The
most common organisms responsible for GNB-HAP were A. bau-
mannii, P. aeruginosa, and K. pneumoniae. This finding was similar
to that reported previously. Some reports have concluded that P.
aeruginosa, K. pneumoniae, Escherichia coli, and A. baumannii are the
key pathogenic bacteria involved in HAP [14,15]. The rate of MDR-
GNB in this study was similar to that seen previously [16,17], thus
indicating that MDR-GNB infection remains a challenging aspect
of HAP etiology. Our 30-day mortality rate of 14.5% is consistent
with the GNB-HAP mortality reported by other researchers [8,9].
This indicates that attention should be paid to the prevention and
control of risk factors of GNB-HAP mortality in order to reduce the
mortality and improve HAP prognosis.

Age>70 years was a risk factor for GNB-HAP 30-day mortality
in this study. This is similar to previous studies that showed that
increasing age is a predictive factor for mortality in pneumonia
patients [9,18]. Aging is associated with a progressively weakened
immune system and decreased lung performance [9]. Although
there were only 18 patients with ICU admission, the 30-day mor-
tality was still related to ICU admission in this study because

antimicrobial resistance is an increasing concern in ICUs world-
wide [19] and the illness maybe severer among patients who need
ICU admission. A previous study had shown that lower lympho-
cyte count tended to be associated with higher mortality with GNB
infection [20]. Peripheral blood lymphocyte count <0.8 x 10°/L was
also an independent risk factor for 30-day mortality in this study.
Patients with peripheral blood lymphocyte count <0.8 x 10°/L may
have poor host response to GNB-HAP and with poor results [21].
Most GNB-HAP pathogens are MDR bacteria; in the current study,
61% were MDR bacteria. Some studies found that the rate of MDR
bacteria among HAP pathogens was more than 46% [22,23]. Bar-
bier et al. found that MDR bacteria have an increasing trend to
cause HAP, especially multidrug-resistant Gram-negative bacteria
[24].The prognosis for HAP caused by MDR bacteria is worse and has
higher mortality [2]. BUN level plays an important role in pneumo-
nia because patients with pneumonia often have hydration status
resulting in increasing reabsorption of urea by the kidneys, and ele-
vation of BUN level is frequently observed [25,26]. In the current
study, severer pneumonia may reflect serious hydration status, and
result in elevation of BUN level with high mortality. The area under
the ROC curve of GNB-HAP related 30-day mortality was 0.836,
showing that the predicted value was good.

There are several limitations of this study that may decrease
the impact of the results presented. First, as a retrospective study,
coding practices can vary over time due to policy and other systemic
changes, which may introduce bias that we do not fully account for
[27]. Second, the sample of this study was small resulting in sparse
data bias. Third, the regression model was created based more on
statistical approaches than prior knowledge, which was similar to
the phenomenon mentioned by the researchers [28]. Fourth, this
study is lack of bootstrapping conduct for checking internal validity,
it meant the model may be along with degree of optimism [29]. We
will try to enlarge the sample and take prospective study to reduce
bias in future.

Conclusion

The results indicate that GNB was the main pathogenic bacteria
of HAP, with a predominance of A. baumannii and P. aeruginosa. The
findings highlight the risk factors of GNB-related 30-day mortality
to enable clinicians identify individuals who are at risk of mortality.
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