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Purpose: Acinetobacter baumannii is the most common microorganism in sputum cultures from long-term hospitalized patients and
is often the cause of hospital-acquired pneumonia (HAP), which is usually associated with poor prognosis and high mortality. It is
sometimes difficult to distinguish between A4. baumannii infection and colonization. This study aimed to evaluate factors that
differentiate infection from colonization and predict mortality in patients with nosocomial pneumonia caused by 4. baumannii.
Patients and Methods: The data used in this study were collected in our hospital between January 2018 and December 2020 from
patients whose sputum cultures were positive for 4. baumannii.

Results: A total of 714 patients were included, with 571 in the infection group and 143 in the colonization group. The in-hospital
mortality rate in the infection group was 20.5%. Univariate and multivariate logistic regression analyses showed that age, total number
of inpatient departments, absolute neutrophil count, and C-reactive protein (CRP) level helped distinguish between infection and
colonization. The area under the receiver operating characteristic curve (ROC) of the identification model was 0.694. In the infection
group, age, Charlson comorbidity score, neutrophil-to-lymphocyte ratio, blood urea nitrogen/albumin ratio, CRP level, presence of
multidrug resistance, and clinical pulmonary infection score (=6) ratio were associated with in-hospital mortality. The area under the
ROC curve for the prediction model was 0.828. The top three drug resistance rates in the infection group were 100% (cefazolin),
98.77% (ceftriaxone), and 71.8% (cefuroxime).

Conclusion: The combination of common parameters helps identify 4. baumannii respiratory tract infection or colonization. Several novel
predictors can be used to predict the risk of death from A. baumannii pneumonia to reduce mortality. The drug resistance of 4. baumannii
remains high.
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Introduction

Hospital-acquired infection (HAI) is an infection that happens within 48 hours after hospitalization or 3 days after discharge.'
This means that the longer the patient stays in the hospital, the higher the risk of developing HAI. Hospital-acquired
pneumonia (HAP) is one of the most common types of nosocomial infections.? Sputum culture examination is often required
to identify the HAP pathogen and is widely used in hospitalized patients. Acinetobacter baumannii (A. baumannii) was the
most prevalent organism, followed by Staphylococcus aureus (S. aureus), Pseudomonas aeruginosa (P. aeruginosa), and
Escherichia coli (E. coli) from the sputum and endotracheal aspirates collected from each patient for bacterial isolation and

detection.® A. baumannii infection often results in poor prognosis and high mortality.* In a multicenter retrospective cohort
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study, Ko RE found that 4. baumannii was the most common multidrug-resistant (MDR) pathogen, leading to 28.2% of
patients being admitted to the ICU for additional care and 28.1% dying.’

A. baumannii colonization and infection were usual in the lower respiratory tract. A. baumannii colonization means sputum
culture from lower respiratory tract is positive without infection signs. And 4. baumannii infection means sputum culture from
lower respiratory tract is positive with infection signs. A. baumannii infection is a serious problem, and it is difficult to distinguish
between 4. baumannii infection and colonization. In clinical practice, it is very easy to culture A. baumannii from sputum culture
specimens. Not every patient with HAP has evidence of typical clinical infection. This study aimed to evaluate factors that

differentiate infection from colonization and predict mortality in patients with nosocomial pneumonia caused by A. baumannii.

Materials and Methods

The data used in this study were collected from patients whose sputum cultures from lower respiratory tract were positive
for A. baumannii in the third affiliated hospital of Sun Yat-sen University, Guangdong, China, between January 2018 and
December 2020. This was a single-center, retrospective study. Each patient underwent chest radiography or computed
tomography for diagnosis. The inclusion criteria were as follows: (1) the criterion for A. baumannii colonization in lower
respiratory tract is with sputum culture from lower respiratory tract was positive for A. baumannii, but there were no
respiratory tract symptoms or signs, and chest radiography or computed tomography had no pulmonary infiltrate. (2) the
lower respiratory tract infection included in this study was nosocomial pneumonia. The criterion for a diagnosis of HAP®
is a new pulmonary infiltrate (occurring >48 h after admission) associated with at least one of the following: new or
increased cough with or without purulent tracheobronchial secretion or new pathogenic bacteria isolated from sputum or
tracheal aspirate culture with >10* colony-forming units/mL, fever (>37.8°C) or hypothermia (<35.6°C), leukocytosis,
left shift, or leukopenia based on local normal values. (3) all included patients were at least 18 years of age. The
exclusion criteria were as follows: (1) the patients who did not have pneumonia or have positive sputum cultures and one
symptom ie pyrexia. (2) patients who were considered as community infection. (3) patients with acquired immunode-
ficiency syndrome and those with missing key data. Variables of interest included age, sex, comorbidities, in-hospital
mortality and so on.

Pathogenic bacteria isolated from clinical specimens were further characterized by conventional biochemical tests to
identify specific strains using standard microbiological methods.” The collection time of sputum culture was when patients
had sputum within 24 hours. Pathogenic organism susceptibility testing was conducted using the microdilution method
(MicroScan System; Baxter Healthcare, West Sacramento, CA, USA), and the results were interpreted using the National
Committee for Clinical Laboratory Standards guidelines published in 2020 (Clinical & Laboratory Standards Institute,
2020).® MDR pathogens were defined as organisms resistant to at least one of three or more antimicrobial categories in
susceptibility tests of isolates from patients with HAP.” The Charlson score is a composite score for age and comorbid
conditions.'” The Clinical Pulmonary Infection Score (CPIS), which determines temperature, blood leukocytes, tracheal
secretions, PaO,/FiO,, and chest radiography, was used to assess the severity of HAP.!!

The main endpoints of this study were the identification of infection and colonization and in-hospital survival.
Infection was defined as meeting the criteria for HAP and a positive sputum culture with 4. baumannii. Survival was
defined as the time interval between HAP diagnosis and death or before discharge.

Statistical Analysis

Statistical analyses of parametric data are reported as frequency, percentage, mean value, and standard deviation.
Nonparametric data were reported as frequencies and percentages. Simple logistic regression and multivariate logistic
regression analyses were used, and each independent variable was analyzed together with the dependent variable HAP or
death. This was reported as the P-value and odds ratio (OR). A receiver operating characteristic (ROC) curve was used to
analyze the probability of A. baumannii infection or HAP-related mortality. The accepted level of significance was set at
P< 0.05. Statistical analyses were performed using SPSS Statistics version 25 (IBM Corp., Armonk, NY, USA).
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Results

During the study period, 1044 inpatients had positive sputum culture results. Based on the inclusion and exclusion
criteria, 714 patients were enrolled. According to the analysis process (Figure 1), 571 and 143 patients were in the
infection and colonization groups, respectively. During hospitalization, 20.5% of the patients in the infection group died.

In the first analysis of the predictors of infection and colonization, univariate logistic regression analysis revealed that
age, intensive care unit admission, total number of inpatient departments, white blood cell level(WBC), absolute value of
neutrophils, blood urea nitrogen/albumin ratio (BUN/ALB ratio), and C-reactive protein (CRP) levels were related to
A. baumannii infection in HAP. Multivariate logistic regression analysis revealed that age (odds ratio [OR]=1.011, 95%
confidence interval (CI):1.000-1.022, P=0.047), total number of inpatient departments (OR=1.763, 95% CI: 1.053-2.950,
P=0.031), absolute value of neutrophils (OR=1.068, 95% CI: 1.006-1.134, P=0.031), and CRP level (OR=1.007, 95%
CI: 1.002-1.012, P=0.005) were still helpful in distinguishing between infection and colonization (Table 1). WBC,
absolute values of neutrophils, and CRP levels are often used to distinguish between infection and colonization. To test
whether the prediction model for distinguishing between infection and colonization established in this study was superior
to these classical indicators, we compared their ROC values and found that this model was superior to the others. The
area under the ROC curve of the identification model was 0.694 (Figure 2).

In the second step, this study found that hospital deaths occurred in 117 cases (20.5%). The infection group was
analyzed to identify the risk factors for death. Univariate logistic regression analysis showed that age, ICU admission,
total number of inpatient departments, Charlson score, absolute value of neutrophils, neutrophil-to-lymphocyte (NLR)
ratio, BUN/ALB ratio, procalcitonin(PCT) level, CRP level, presence of MDR pathogens, and CPIS >6 ratio were
associated with in-hospital mortality.

Multivariate logistic regression analysis revealed that age, Charlson score, NLR ratio, BUN/ALB ratio, CRP level, presence
of MDR pathogens, and CPIS >6 ratio were associated with in-hospital mortality (Table 2). The area under the ROC curve for the
prediction model was 0.828 (Figure 3). Analysis of drug resistance in the infected group revealed that the top three drug
resistance rates were 100% (cefazolin), 98.77% (ceftriaxone), and 71.8% (cefuroxime) in the infection group (Table 3).

Discussion

Sputum and endotracheal aspirates are important for identifying the pathogen in patients with HAP. 4. baumannii is one
of the most common bacteria detected in sputum culture and endotracheal aspirate from long-term hospitalized patients,
including those with HAP> A. baumannii is an opportunistic infectious agent that can cause lung infection and
nosocomial infection transmission.'? It usually causes bacterial colonization, defined as the presence of bacteria on the
body surface, including the airway, without causing clinical evidence of infection in the individual.'® As it is very easy to
culture A. baumannii from sputum specimens in clinical practice, not every patient with HAP has evidence of a typical

Patients met
Inclusion criteria
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Figure | The flow chart of this study.
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Table | Significant Univariate and Multivariate Logistic Regression Analyses of Predictors Used to Distinguish Between Infection and
Colonization

Characteristics Infection Colonization Univariate Multivariate

n=571(80.0%) n=143(20.0%)

OR 95%Cl P OR 95%Cl P

Gender: male 436(76.4%) 107(74.8%) 1.087 0.711-1.661 0.701
Age, y 60.1+17.55 56.62+18.04 1.011 1.001-1.021 0.036 | 1.011 1.000-1.022 0.047
Smoke 166(29.1%) 33(23.1%) 1.366 0.89-2.098 0.154
ICU admission 243(42.6%) 33(23.1%) 2.47 1.618-3.769 <0.001 | 1.091 0.521-2.284 0.818
Total number of inpatient 1.68+0.77 1.36+0.61 2.006 1.478-2.724 <0.001 | 1.763 1.053-2.950 0.031
departments
Charlson score 2.61%1.64 2.39+1.58 1.089 0.969-1.224 0.152
WBC, median(interquartile 9.05(7.23) 7.695(5.155) 1.042 1.009-1.077 0.012 | 1.004 0.972-1.037 0.82
range), *10e9/L
N, median(interquartile range), 7.05(6.06) 5.43(4.05) 1.102 1.051-1.157 <0.001 | 1.068 1.006-1.134 0.031
*10e9/L
L<0.8*10e9/L 325(56.9%) 91(63.6%) 0.755 0.517-1.013 0.146
NLR ratio, median(interquartile 11.77(36.47) 10.91(27.96) 1.002 0.999-1.004 0.146
range)
BUN/ALB, median(interquartile 0.218(0.229) 0.182(0.164) 3.109 1.228-7.871 0.017 | 1.011 0.435-2.353 0.979
range)
PCT, median(interquartile range), 0.28(0.906) 0.117(0.34) 1.019 0.984-1.057 0.291
ng/mL
CRP, median(interquartile 32.5(67.96) 15.5(36.45) 1.01 1.006-1.015 <0.001 | 1.007 1.002-1.012 0.005
range), mg/L
MDR pathogens 389(68.1%) 89(62.2%) 1.297 0.886—1.899 0.181

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: ICU admission, intensive care unit admission; WBC, white blood cell; N, absolute value of neutrophil; L, absolute value of lymphocyte; NLR ratio,
Neutrophils/lymphocytes ratio; BUN/ALB, blood urea nitrogen/albumin; PCT, procalcitonin; CRP, C-reactive protein; MDR pathogens, multidrug resistant pathogens.

clinical infection. It is difficult to distinguish A. baumannii infections from colonization.'* In the current study, we found
that age was associated with A. baumannii infection, with the risk of infection increasing with age. This may be due to
the decline of immune organs and immune cell activity with age.'” Patients with long hospital stays, some of which may
be complicated or critically ill, are often hospitalized in rotation among several departments. Therefore, this study
focused on the patients’ total number of inpatient departments. Interestingly, this study found that the more departments
a patient was hospitalized in, the more susceptible he was to infection. This may be related to the fact that patients with
more inpatient departments are exposed to more A. baumannii in the environment. Absolute neutrophil and CRP levels
are common predictors of bacterial infection. The current study also found that both predictors were related to
A. baumannii infection, consistent with previous studies.'® This study compared the ROC of a single classical indicator
and a synthetic model and found that this model was superior to other single classical indicators. Therefore, it is valuable
to construct a model to predict colonization or infection. This model allows clinicians to identify infections more
accurately than ever before.

(A) baumannii was one of the most prevalent organism found in sputum and endotracheal aspirate collected from each
patient with HAP for bacterial isolation and detection.'” 4. baumannii infection often results in poor prognosis and
high mortality.* Shu et al'® reported that hospital deaths in patients who were diagnosed with HAP, caused by MDR-
A. baumannii infections, occurred in 142 patients (38.80%). The current study also showed that A. baumannii HAP
has a high mortality rate (20.5%). Multivariate logistic regression analysis revealed that age, Charlson score, NLR
ratio, BUN/ALB ratio, CRP level, presence of MDR pathogens, and CPIS >6 ratio were associated with in-hospital
mortality. As people age, their immune organs and cells deteriorate, making them susceptible to infection. This study
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Figure 2 Comparison of different receiver-operating characteristics curves for predicting infection or colonization model.

also found that age was associated with in-hospital mortality. However, there is no clear positive correlation, which

may be related to the selection bias of the enrolled population and the differences in population characteristics of the

center. Because our hospital is characterized by rehabilitation medicine, many young patients who need rehabilitation

Table 2 Significant Univariate and Multivariate Logistic Regression Analyses of Predictors for Hospital-Acquired Pneumonia in-

Hospital Mortality

Characteristics Related Survival Univariate Multivariate
mortality n=454
n=117
OR 95%Cl P OR 95%Cl P

Gender: male 93(79.5%) 343(75.6%) 1.254 0.763-2.062 0.372
Age, y 57.20+17.98 60.85+17.38 0.988 0.977-1.000 0.046 | 0.974 0.960-0.988 <0.001
Smoke 30(25.6%) 136(30.0%) 0.806 0.508-1.279 0.36
ICU admission 65(55.6%) 178(39.2%) 1.938 1.286-2.922 0.002 | 1.215 0.566-2.607 0.617
Total number of inpatient 1.80+0.83 1.64£0.75 1.298 1.006—1.674 0.045 | 0.897 0.551-1.462 0.664
departments
Charlson score 3.34%1.42 2.42+1.64 1.391 1.229-1.574 <0.001 | 1.352 1.172—-1.561 <0.001
WBC, median 10.97(6.48) 8.79(7.13) 1.019 0.995-1.043 0.123
(interquartile range),
*10e9/L
N, median(interquartile 9.16(6.11) 6.64(5.47) 1.073 1.034-1.113 <0.00!1 | 1.013 0.970-1.057 0.561
range), *10e9/L
L<0.8*%10e9/L 75(64.1%) 250(55.1%)) 1.457 0.957-2.219 0.079
NLR ratio, median 19.23(58.05) 10.63(29.86) 1.003 1.002-1.005 <0.001 | 1.002 1.001-1.004 0.008
(interquartile range)
BUN/ALB, median 0.35(0.36) 0.19(0.20) 10.233 4.799-21.823 <0.001 | 5.783 2.543-13.151 <0.001
(interquartile range)

(Continued)
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Table 2 (Continued).

Characteristics Related Survival Univariate Multivariate
mortality n=454
n=117
OR 95%ClI P OR 95%ClI P
PCT, median(interquartile 0.95(3.43) 0.20(0.53) 1.042 1.013-1.073 0.005 1.008 0.984-1.032 0.52
range), ng/mL
CRP, median(interquartile 69.0(93.9) 27.5(56.13) 1.011 1.007-1.014 <0.001 | 1.006 1.002-1.010 0.004
range), mg/L
MDR pathogens 98(83.8%) 291(64.1%) 2.889 1.705—4.896 <0.001 | 1.900 1.043-3.463 0.036
CPIS=6 105(89.7%) 303(66.7%) 4.361 2.326-8.174 <0.001 | 2.352 1.115-4.959 0.025

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: ICU, admission intensive care unit admission; WBC, white blood cell; N, absolute value of neutrophil; L, absolute value of lymphocyte; NLR ratio,
Neutrophils/lymphocytes ratio; BUN/ALB, blood urea nitrogen/albumin; PCT, procalcitonin; CRP, C-reactive protein; MDR pathogens, multidrug resistant pathogens; CPIS,
Clinical Pulmonary for Infection Score.

will be hospitalized in our hospital, and this kind of patients are prone to hospital acquired infections because of their
long hospitalization time. The current study found that the Charlson score was associated with in-hospital mortality,
which is consistent with previous reports.'® This suggests that clinicians should pay special attention to infection
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Figure 3 Analysis of receiver-operating characteristics curve for predicting mortality model.
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Table 3 The Drug Resistance of a.baumannii
Infection Group of Hospital-Acquired

Pneumonia

Antibiotic Cases Percent
CFz 571 100.00
CTR 564 98.77
CXM 410 71.80
IMP 369 64.62
CIP 368 64.45
MER 364 63.75
SAM 362 63.40
CFM 360 63.05
CEF 359 62.87
CTX 359 62.87
LEV 358 62.70
GEN 353 61.82
AMC 340 59.54
SXT 300 52.54
TAZ 264 46.23
TGC 2 0.35

Abbreviations: HAP, hospital-acquired pneumonia; CFZ,
cefazolin; CTR, ceftriaxone; CXM, cefuroxime; IMP, imipe-
nem; CIP, ciprofloxacin; MER, meropenem; SAM, ampicillin
sulbactam; CFM, cefepime; CEF, ceftazidime; CTX, cefotax-
ime; LEV, levofloxacin; GEN, gentamicin; AMC, amikacin;
SXT, Cotrimoxazole; TAZ, piperacillin/tazobactam; TGC,
tigecycline.

management in patients with a high Charlson score to improve their prognosis. NLR has been widely used as
a prognostic indicator of infectious diseases.”’ However, data on A. haumannii HAP are lacking. This study identified
NLR as a prognostic indicator for A. baumannii HAP. Zou et al showed that the BUN/ALB ratio was a simple but
independent predictor of 30-day mortality and severity of E. coli bacteremia.”’ Akahane et al found that a high BUN/
ALB ratio was an independent prognostic predictor of mortality risk in patients with pneumocystis pneumonia.*
BUN/ALB ratio was first identified as an independent prognostic factor in patients with nosocomial pneumonia
caused by A. baumannii in our study. This study provides a reference for future clinical diagnoses and treatments.
CRP level and CPIS>6 ratio are indicators of infection severity.”> > It is well known that the more severe the
infection, the higher the risk of death. Therefore, it is reasonable that these two indicators were associated with the
risk of death in the current study. MDR-A. baumannii can lead to poorer prognosis and follow-up of patients with
increased mortality.'®*® Therefore, MDR-A. baumannii was associated with mortality in the present study, with
a model combining the above factors being reliable and having a high predictive value. However, resistance to
A. baumannii remains high.'®**" 4. baumannii HAP in an EICU was poorly susceptible to piperacillin-tazobactam,
cefepime, amoxicillin+clavulonic acid, and ciprofloxacin in Tianjin, China.?® Our study also found that A. baumannii
is poorly susceptible to cefazolin, ceftriaxone, and cefuroxime. Fortunately, the sensitivity to tigecycline remains
good. Attention should be paid to controlling the spread of drug-resistant 4. baumannii and striving to improve its
prognosis.

PCT is an important indicator in the evaluation of bacterial infection. In bacterial septic conditions, PCT levels are always

elevated, and serum concentrations are correlated with severity of microbial invasion.” This study also included PCT to

analyze, found it was not sensitive to distinguish between 4. baumannii infection and colonization. In the infection group, the

level of PCT was higher in patients who died than in those who survived, although the difference was not statistically

significant. The value and clinical application of PCT in distinguishing between 4. baumannii infection and colonization
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were inferior to CRP and other indicators.®® It was similar for predicting the prognosis of 4. baumannii infection in low
respiratory tract.' This may be related to the fact that the level of PCT is more correlated with the severity of systemic
inflammation caused by infection.”” PCT levels are associated with severe trauma and renal insufficiency.**>*

This study has some limitations. First, although we had very high admission criteria, there may still be an information
bias in individual cases, which is a common shortcoming of retrospective studies. Second, the accuracy of the differential
model between infection and colonization constructed in this study needs to be improved. Further research involving data
from a larger sample is required. Third, as a retrospective study, this study did not include information for the
appropriateness of antibiotic treatment and data for the severity of respiratory failure, and only included the Clinical
Pulmonary Infection Score (CPIS), this is a limitation. In the future, we will carry out a future prospective study to

further explore related issues.

Conclusion

The combination of common parameters helps identify A. baumannii respiratory tract infection or colonization. Several
novel predictors can be used to predict the risk of death from A. baumannii pneumonia to reduce mortality. The drug
resistance of 4. baumannii remains high. PCT has no significant advantage in differentiating lower respiratory tract
infection from colonization or predicting the risk of death.
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