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Abstract
Background Extremely drug-resistant (XDR) Acinetobacter baumannii A. baumannii has been of a great
concern. The relationship between XDR and patient outcomes remains unclear. We investigated the
clinical features, risk factors, and outcomes of Hospital-acquired pneumonia (HAP)caused by XDR A.
baumannii.

Methods A multicenter retrospective case-control study was performed to determine factors associated
with XDR A. baumannii pneumonia from 5 teaching hospitals in Guangzhou, China.

Results 76 patients were enrolled in the study. XDR A. baumannii pneumonia patients were tend to be
smoker (11.9% vs 3.9%, P = 0.130) and older (76.5±11.2 vs 70.3±16.4, P = 0.007) and had more comorbid
diseases including chronic obstructive pulmonary disease (COPD) (48.7% vs 21.1%, P = 0.001) and renal
failure (21.1% vs 3.9%, P = 0.002) and had higher APACHE II score (65.8% vs 47.4%, P = 0.033). Invasive
procedures including insertion of urinary catheter, nasogastric tube, central venous/arterial catheter,
bronchoscopy and mechanical ventilation along with using β-lactam/β-lactamase inhibitor and
carbapenem were also risk factors for XDR A. baumannii pneumonia. Multivariate analysis showed the
APACHE II score >=20 (OR, 2.1; 95% CI: 1.1–4.1, P = 0.023), COPD (OR, 9.6; 95% CI: 2.0–45.5, P = 0.004),
central venous/arterial catheter placement (OR,11.5; 95% CI: 1.1-117.8, P = 0.040), low albumin levels (OR,
1.2; 95% CI: 1.1-1.4, P = 0.001) and using β-lactam/β-lactamase inhibitor (OR,15.9; 95% CI: 2.7-94.2, P =
0.002) were independent risk factors for XDR A. baumannii pneumonia. Compared with the non-XDR A.
baumannii patients, the XDR A. baumannii pneumonia increased length of mechanical ventilation
(11.1±12.3 vs 5.1±5.6, P = 0.000), hospital stay (42.2±24.3 vs 34.8±18.0, P = 0.036) and ICU (Intensive
Care Unit) stay (27.5±19.0 vs 20.0±20.5, P = 0.020), but it did not increase in-hospital mortality (47.4% vs
32.9%, P = 0.137).

Conclusions XDR A. baumannii pneumonia was strongly related to systemic illnesses, invasive procedure,
low albumin levels and the APACHE II score and increasing the length of mechanical ventilation and
hospital stay. But it did not increase in-hospital mortality.

Background
Acinetobacter baumannii (A. baumannii) is one of the most troublesome pathogens causing Hospital-
acquired pneumonia (HAP) worldwide[1–3]. Due to its remarkable ability to acquire antibiotic resistance,
A. baumannii infection is also di�cult to control and treat[4–6]. CHINET surveillance system from China
showed A. baumannii resists to many powerful antimicrobial agents, especially imipenem and
meropenem which were once considered as the “gold standard”[7]. And the resistance rate to those
agents went up to 77.1% and 78.1% respectively in 2018[6]. Extremely drug-resistant (XDR) A. baumannii
was de�ned as resistance to all available antibiotics except for colistin and tigecycline[8–10]. It became a
major resistance phenotype, ranged from 68.3–72.9% of the reported A. baumannii strains[11, 12].
Colistin and tigecycline are believed to be the last few available choices for XDR infections. But
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tigecycline and polymyxin resistance A. baumannii had already been reported[5, 13–15]. XDR A.
baumannii with limited treatment options was believed to be associated with high mortality and
treatment failure and served as a marker of poor prognosis.

However, the relationship between antibiotic resistance of A. baumannii strains and outcomes caused
with concern and dispute. One study in 2007 found mortality rates of patients with multi-drug resistant
(MDR) A. baumannii were not higher than the patients without MDR A. baumannii [16]. Our previous
study in 2017 was limited by the sample size, but it showed XDR A. baumannii pneumonia was not
associated with in-hospital mortality[10]. Two studies in 2019 showed increasing mortality rate may
relate to patient comorbidity and inappropriate therapy, but not antibiotic resistance [12, 17]. It is
frustrated for clinicians to treat XDR A. baumannii and the data for XDR A. baumannii HAP was still
limited. We believe the relationship between XDR A. baumannii pneumonia and outcomes needs further
investigation. Here, we conducted a multicenter study to investigate the clinical features, risk factors, and
outcomes of HAP caused by XDR A. baumannii from 5 teaching hospitals in Guangzhou, China.

Methods

Participants
A multicenter retrospective case-control study was conducted to evaluate the clinical features, risk
factors, and outcomes of HAP caused by XDR A. baumannii from 5 teaching hospitals in Guangzhou,
China. GFPH, Guangzhou First People’s Hospital, the Second A�liated Hospital of South China University
of Technology, Pan Fu Road, Guangzhou, China; TAH, the Third A�liated Hospital of Sun Yat-sen
University, Tian He Road, Guangzhou, China; FAH, the First A�liated Hospital of Sun Yat-sen University,
Zhong Shan Er Road, Guangzhou, China; GXH, Guangzhou Xinhai Hospital, Xin Gang west Road,
Guangzhou, China; GRCH, Guangzhou Red Cross Hospital, Tong Fu zhong Road, Guangzhou, China. The
participants included patients who developed HAP and ventilator-associated pneumonia (VAP) [12] from
XDR A. baumannii (con�rmed with respiratory samples) from April 2011 to April 2016. The controls,
matched to the cases by hospitals, were patients diagnosed with non-XDR A. baumannii HAP and
randomly selected within the 5 teaching hospitals during the studying period.

Inclusion and exclusion criteria
The inclusion criteria consisted of the following:

1, Diagnostic criteria for pneumonia[18]: new or progressive pulmonary in�ltrates in chest X-ray or CT
imaging, plus at least two of the following supportive clinical signs: temperature of > 38 °C or < 35.5 °C,
leukocytosis of > 12,000 or < 4000 WBC/mm3, purulent respiratory secretions, or worsening oxygenation
determined by arterial oxygen tension/fraction of inspired oxygen ratio (PaO2/FiO2).
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2, At least two positive clinical respiratory cultures for A. baumannii: protected brushing specimen 103

CFU/ml, bronchoalveolar lavage (BAL) �uid specimen 104 or 105 CFU/ml, or endotracheal aspirate
specimen 106 CFU/ml.

3, Antimicrobial susceptibility testing shows resistance to all available antibiotics except for colistin and
tigecycline.

The exclusion criteria consisted of the following:

1, Patient was less than 18 years of age.

2, The length of hospitalization was less than 48 hours.

3, Patient had incomplete medical records.

4, Patient had other non- A. baumannii - positive respiratory cultures.

Data acquisition
A specially designed case record form (CRF) was used to collect the patient’s clinical parameters,
including age, gender, cigarette smoking, substance use history, laboratory test results (white blood cell
count, platelet count, hemoglobin, creatinine, CRP, ESR and albumin), past medical diseases, invasive
procedures (venous or arterial catheter placement, bronchoscopy, mechanical ventilation, et al.), the
length of hospital stay (including ICU), pharmaceutical records (including antibiotic exposure),
microbiological records (bacterial etiology, culture, and antimicrobial susceptibility testing results) and in-
hospital mortality. The Acute Physiology and Chronic Health Evaluation (APACHE) II score was used to
determine the severity of diseases on patient’s admission. The in-hospital mortality was compared
between the HAP with and without XDR A. baumannii infection groups. The Guangzhou First People’s
Hospital, the Second A�liated Hospital of South China University of Technology Ethics Committee
approved the study.

Statistical analysis
SPSS (version 18.0) was used for statistical analysis. A P value less than 0.05 was considered
statistically signi�cant. Categorical variables were compared using the Chi-square test with Yates
correction or Fisher’s exact test. Continuous variables were analyzed using the two-tailed t-test. A
multivariate logistic regression model was used to test the independent risk factors for XDR A. baumannii
pneumonia.

Results
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Based on the inclusion and exclusion criteria, a total of 76 patients with XDR A. baumannii pneumonia
were included in the case-control study. 53 were male and 23 were female. The mean age was 76.5-year-
old with a standard deviation of 11.2 years (Table 1). To analyze the potential risk factors, 76 cases of
patients were compared with 76 control patients.
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Table 1
Clinical characteristics in HAP patients with XDR A. baumannii and non-XDR A. baumannii

  XDR

A. baumannii

(N = 76)

Non-XDR

A. baumannii

(N = 76)

P-value

Age, y* 76.5 ± 11.2 70.3 ± 16.4 0.007

Gender (M/F), n 53/23 48/28 0.492

Cigarette smoking, n (%) 41 (53.9) 11 (14.5) 0.000

Alcohol abuse, n (%) 9 (11.8) 3 (3.9) 0.130

APACHE II score > = 20 50 (65.8) 36 (47.4) 0.033

White blood cell count(109/L)* 15.8 ± 6.5 13.0 ± 5.0 0.003

Platelet count (109/L) * 161.4 ± 77.5 170.7 ± 86.0 0.486

Hemoglobin (g/L) * 102.5 ± 22.0 109.1 ± 23.4 0.074

Creatinine (µmol /L) * 161.9 ± 154.3 126.4 ± 109.5 0.104

CRP (g/L) * 62.6 ± 50.3 69.2 ± 58.0 0.180

ESR (MM/H) * 50.1 ± 39.8 69.2 ± 58.0 0.486

Albumin (g/L) * 29.1 ± 4.4 41.8 ± 31.5 0.002

Time related to hospitalization*      

Days of mechanical ventilation (days) 11.1 ± 12.3 5.1 ± 5.6 0.000

Length of hospital stay before HAP (days) 8.6 ± 7.5 8.8 ± 8.1 0.861

Length of stay in the ICU (days) 27.5 ± 19.0 20.0 ± 20.5 0.020

Length of stay in the hospital (days) 42.2 ± 24.3 34.8 ± 18.0 0.036

Associated disease, n (%)      

COPD 37 (48.7) 16 (21.1) 0.001

Diabetes mellitus 26 (22.4) 33 (43.4) 0.318

Malignancy 9 (11.8) 17 (22.4) 0.131

Coronary heart disease 28 (36.8) 21 (27.6) 0.298

*Values are presented as the mean ± standard deviation; COPD, Chronic obstructive pulmonary
disease; Malignancy includes haematological malignancies and solid tumours; CRP, C-reactive
protein; ESR, Erythrocyte sedimentation rate; PPIs, proton pump inhibitor drugs.
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  XDR

A. baumannii

(N = 76)

Non-XDR

A. baumannii

(N = 76)

P-value

Renal failure 16 (21.1) 3 (3.9) 0.002

Cerebral haemorrhage 8 (10.5) 7 (9.2) 1.000

Device, n (%)      

Urinary catheter 76 (100.0) 65 (85.5) 0.001

Nasogastric tube 76 (100.0) 62 (81.6) 0.000

Central venous/arterial catheter 73 (96.1) 49 (64.5) 0.000

Bronchoscope 65 (85.5) 51 (67.1) 0.012

Mechanical ventilation 70 (92.1) 55 (72.4) 0.002

Tracheotomy 7 (9.2) 4 (5.3) 0.533

Drug usage, n (%)      

Glucocorticoids 47 (61.8) 35 (46.1) 0.073

PPIs 61 (82.9) 56 (82.9) 0.441

Antimicrobial n (%)      

Cephalosporin 37 (48.7) 42 (55.3) 0.516

Second generation 11 (14.5) 14 (18.4) 0.662

Third generation 30 (39.5) 33 (43.4) 0.742

β-lactam/β-lactamase inhibitor 71(93.4) 52 (68.4) 0.000

Quinolone 44 (57.9) 33 (43.4) 0.104

Aminoglycoside 5 (6.6) 6 (7.9) 1.000

Macrolides 2 (2.6) 0 (0.0) 0.497

Carbapenem 35 (46.1) 14(18.4) 0.000

Antimicrobial Combination therapy, n (%) 39 (51.3) 30 (39.5) 0.192

Mortality, n (%) 36 (47.4) 26(32.9) 0.137

*Values are presented as the mean ± standard deviation; COPD, Chronic obstructive pulmonary
disease; Malignancy includes haematological malignancies and solid tumours; CRP, C-reactive
protein; ESR, Erythrocyte sedimentation rate; PPIs, proton pump inhibitor drugs.
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Table 2
Multi-variate analysis of risk factors for XDR A. baumannii HAP

patients
Risk factor OR (95% CI) P-value

APACHE II score > = 20 2.1 (1.1–4.1) 0.023

COPD 9.6 (2.0-45.5) 0.004

Central venous/arterial catheter 11.5 (1.1-117.8) 0.040

Albumin 1.2 (1.1–1.4) 0.001

β-lactam/β-lactamase inhibitor 15.9 (2.7–94.2) 0.002

 
The two groups were similar with respect to gender, substance use history, platelet count, hemoglobin,
creatinine, CRP and ESR level. Additionally, no signi�cant differences in the length of hospital stay before
developing XDR A. baumannii pneumonia, history of diabetes mellitus, malignancy, coronary heart
disease, renal failure, cerebral haemorrhage, tracheotomy, or the use of glucocorticoids, PPIs,
cephalosporin, quinolone, macrolides, minoglycoside or antimicrobial combination therapy. While
compared with the non-XDR A. baumannii patients, the patients with XDR A. baumannii pneumonia were
more likely in smoking (11.9% vs 3.9%, P = 0.130), older patients ( 76.5 ± 11.2 vs 70.3 ± 16.4, P = 0.007),
APACHE II score up to 20 and higher (65.8% vs 47.4%, P = 0.033), longer length of mechanical ventilation
(11.1 ± 12.3 vs 5.1 ± 5.6, P = 0.000), longer length of in hospital stay (42.2 ± 24.3 vs 34.8 ± 18.0, P = 0.036)
and ICU stay (27.5 ± 19.0 vs 20.0 ± 20.5, P = 0.020), receiving more invasive procedure including insertion
of urinary catheter (100.0% vs 85.5%, P = 0.001) and nasogastric tube (100.0% vs 81.6%, P = 0.000),
central venous/arterial catheter placement (96.1% vs 64.5%, P = 0.000), bronchoscopy (85.5% vs 67.1%, P 
= 0.012) and mechanical ventilation (92.1% vs 72.4%, P = 0.002). Moreover, patients with XDR A.
baumannii pneumonia were more likely to have more comorbid diseases, such as chronic obstructive
pulmonary disease (COPD) (48.7% vs 21.1%, P = 0.001) and renal failure (21.1% vs 3.9%, P = 0.002).
Using β-lactam/β-lactamase inhibitor (93.4% vs 68.4%, P = 0.001) or carbapenem (46.1% vs 18.4%, P = 
0.000) was also a risk factor for XDR A. baumannii pneumonia. But compared with the non-XDR A.
baumannii patients, the XDR A. baumannii pneumonia did not increase in-hospital mortality (47.4% vs
32.9%, P = 0.137) (Tables 1).

Multivariate analysis using a logistic regression model showed that the APACHE II score > = 20 (OR, 2.1;
95% CI: 1.1–4.1, P = 0.023), COPD (OR, 9.6; 95% CI: 2.0–45.5, P = 0.004), central venous/arterial catheter
(OR,11.5; 95% CI: 1.1-117.8, P = 0.040), lower albumin levels (OR, 1.2; 95% CI: 1.1–1.4, P = 0.001) and
using β-lactam/β-lactamase inhibitor (OR,15.9; 95% CI: 2.7–94.2, P = 0.002) were identi�ed as
independent risk factors for XDR A. baumannii pneumonia.

Discussion
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XDR A. baumannii infection rate kept rising. But the antibiotics treatment options were very limited. It
made the XDR A. baumannii one of the most troublesome pathogens worldwide. It seems preventing
spreading the pathogen is the only reasonable way to reduce mortality. However, recently, the relationship
between antibiotic resistance and outcomes caused with concern and dispute. Here, we presented this
multicenter retrospective case-control study to investigate the clinical features, risk factors, and outcomes
of HAP caused by XDR A. baumannii. It showed XDR A. baumannii pneumonia signi�cantly increased the
length of mechanical ventilation and hospital stay. But it was not associated with in-hospital mortality.
Our �nding indicated, besides antibiotics, we could improve outcomes if we optimize treatment in XDR A.
baumannii pneumonia patients. This study may provide an insight view of XDR A. baumannii pneumonia
clinical management during an era of stagnation in new antibiotic development.

Our study found that XDR A. baumannii pneumonia patients were more likely to have a smoking history
and in elderly patients with complicated underlying disease and severer initial presentation ( higher
APACHE II score). It was similar to previous studies[19–21]. Multivariate logistic regression analysis
showed the APACHE II score greater than 20, COPD, and lower albumin levels were the independent risk
factors for XDR A. baumannii pneumonia. Those �ndings indicated immunocompromised patients were
more likely to develop XDR A. baumannii HAP. Using β-lactam/β-lactamase inhibitors was also another
independent risk factor. Clinicians need to be extra careful while using β-lactam/β-lactamase inhibitors.
XDR A. baumannii pneumonia patients may receive more invasive procedures due to severer clinical
presentation. But medical devices may be the most contaminated locations for A. baumannii and caused
hospital-acquired infections outbreaks [22, 23]. Therefore, clinicians should be aware of invasive
procedures uses and removing unnecessary accesses in time.

Previous studies had shown patients with antibiotic-resistant A. baumannii may have increased mortality
compared with antibiotic-sensitive patients. [16, 24, 25]. The study in 2018 showed the increased
mortality rate was associated with patient comorbidity and inappropriate therapy, but not antibiotic
resistance[26]. And more studies revealed antibiotic resistance of A. baumannii was not associated with
increase mortality. Sunenshine RH, et al[16] reported mortality rate of MDR A. baumannii infection
patients was not higher than non-MDR A. baumannii patients. Özgür et al[9] also found the mortality rate
of patients with XDR A. baumannii VAP was not signi�cantly higher than non-XDR A. baumannii patients
in ICU settings. Aušra Cˇ iginskiene, et al[12] reported the mortality rate in XDR A. baumannii VAP patients
was not a signi�cant difference compared with the non-XDR group. Zilberberg et al[17] examined the
impact of carbapenem-resistance (CR) in patients with HAP and VAP in a large database of 8,969
patients. In this study, A. baumannii accounted for 11.8% of CR organisms and 2.5% of carbapenem-
susceptible (CS) organisms and did not increase mortality for CR A. baumannii infection (22.9% CR vs
21.6% CS). In our study, we found XDR A. baumannii pneumonia patients were associated with longer
length of mechanical ventilation and hospital stay, but we did not observe increased in-hospital mortality.
Those �ndings suggested resistance did not directly add to mortality and we may still improve patient
outcomes if we optimize treatment with XDR A. baumannii pneumonia patients.
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Conclusions
XDR A. baumannii HAP was strongly related to systemic illnesses, invasive procedures, low albumin
levels, the APACHE II score, longer length of mechanical ventilation, and hospital stay. But it did not
increase in-hospital mortality.
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