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Abstract 
Introduction: Achromobacter xylosoxidans has been reported in several countries; however, hospital-acquired pneumonia (HAP) due to this 

organism in elderly patients in China remains rare.  

Methodology: HAP due to Achromobacter xylosoxidans identified at the General Hospital of the People's Liberation Army in Beijing from 

January 2008 to October 2011 was studied. Detailed clinical manifestations were collected. To study the clinical risk factors for the imipenem-

resistant strain, patients were divided into two groups: imipenem-resistant (21 cases) and imipenem-nonresistant (20 cases). Univariate and 

multivariate logistic regression were used.  

Results: All patients were > 75 years of age, and 92.7% (38/41) were male. Nine patients died 30 days after infection. The mean acute 

physiology and chronic health evaluation (APACHE) II score and sequential organ failure assessment (SOFA) were 23.66 ± 7.71 and 6.93 ± 

2.47, respectively. Almost all strains were resistant to aminoglycosides. However, the strains showed significant sensitivity to minocycline 

(MIN), piperacillin-tazobactam (PTZ), and cefoperazone-sulbactam (SCF). Compared with the imipenem-nonresistant group, more patients 

with imipenem-resistant infection had the following characteristics: use of an intubation, use of a proton-pump inhibitor (PPI), chronic 

obstructive pulmonary disease (COPD), and coronary artery disease (CHD). Among the four risk factors, COPD and CHD remained 

independent risk factors in the multivariate analysis.  

Conclusions: HAP due to Achromobacter xylosoxidans occurred in severely ill elderly patients with a long-term indwelling catheter and many 

underlying diseases. Effective treatment of imipenem-resistant organisms is challenging. SCF, PTZ, and MIN may be useful for imipenem-

resistant Achromobacter xylosoxidans. 
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Introduction 
Achromobacter xylosoxidans has been reported in 

several countries. It is an oxidase-positive, catalase-

positive, and highly motile non-fermenting Gram-

negative bacterium that was first isolated from ear 

discharge and reported by Yabuuchi and Oyama [1]. 

This organism can be found in aquatic environments 

and soil. Moreover, due to its detection in many clinical 

specimens such as urine [2], blood [3-5], or 

cerebrospinalfluid [6-9], this organism has been 

gradually accepted as an opportunistic and emerging 

pathogenthat can lead to various nosocomial/non-

nosocomial infections. Elderly patients who exhibit 

weakened immunity and malnutrition frequently have 

chronic infections and are frequently exposed to 

antibiotics, often resulting in the emergence of 

multidrug-resistant organisms. 

Carbapenems, which are known as the last 

defensive line for the treatment of Gram-negative 

infections, are preferred for the treatment of multidrug-

resistant Gram-negative strains. However, the overuse 

of carbapenems has resulted in the emergence of 

carbapenem-resistant organisms worldwide. Insertion 

of blaIMP into plasmids in Achromobacter xylosoxidan 

has been described, potentially facilitating the spread of 

carbapenem-resistant strains [10]. 
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Here, a retrospective study of 41 cases of HAP due 

to Achromobacter xylosoxidans was conducted, 

representing the largest number in China. The aim of 

this study was to illustrate the underlying diseases, the 

clinical manifestations, and outcome; to review the 

susceptibility of this organism to various antibiotics; 

and to discuss risk factors associated with imipenem 

resistance in patients with HAP due to Achromobacter 

xylosoxidans. 

 

Methodology 
Patients and clinical data 

A retrospective review of HAP due to A. 

xylosoxidans was performed at the geriatric ward of the 

General Hospital of the People's Liberation Army 

(PLAGH) in Beijing from January 2008 to October 

2011. HAP was diagnosed as previously described [11]. 

Clinical data included (1) basic demographics (sex, 

age); (2) underlying diseases; (3) time of positive 

culture; (4) invasive manipulation before onset 

(surgery, catheterization); (5) immunosuppressants; (6) 

chemotherapy; (7) antacids; (8) glucocorticoids; (9) use 

of antimicrobial drugs within 14 days before onset; (10) 

clinical features at onset (symptoms, blood routine 

tests, infectious indicators, and imaging, among others); 

(11) antimicrobial therapies; and (12) survival 30 days 

post-onset. The acute physiology and chronic health 

evaluation (APACHE) II score, sequential organ failure 

assessment (SOFA) score, and clinical pulmonary 

infection score (CPIS) were evaluated within 24 hours. 

The definition of chronic infection was considered to be 

a positive sputum culture for this isolate on at least three 

occasions over a six-month period, as previously 

suggested [12]. 

 

Microorganism identification and antimicrobial 

susceptibility testing 

All strains were isolated from sputum or tracheal 

aspirate. All strains were identified using the API 20 NE 

system (bioMerieux Vitek, Marcy l'Etoile, France) and 

the VITEK II system(bioMerieux Inc., Hazelwood, 

USA) in accordance with reported techniques. In the 

clinical laboratory, a bacterial sensitivity test was 

performed using either the VITEK or micro-broth 

dilution method as described previously [13]. The 

results were interpreted using the Clinical and 

Laboratory Standards Institute (CLSI) guidelines [14]. 

 

Case-control study design 

Based on the antimicrobial susceptibility testing, all 

patients were divided at a 1:1 ratio into two groups: 

imipenem resistant and imipenem nonresistant. Clinical 

information including basic demographics, underlying 

diseases, intubation, antimicrobial use within 14 days, 

Table 1. Clinical features of the patients withAchromobacter xylosoxidans infection. 

Clinical features Total number Number of positive cases Positive rate (% ) 

Gender, male 41 38 92.7 

Age, years, average ± SD (range)  87.3 ± 5.6 (74–99)  

Clinical manifestations    

Fever 41 26 63.4 

Chill 41 6 14.6 

Purulent sputum 41 39 95.1 

Rale 41 32 78.0 

WBC count > 10 × 109/L 41 20 48.8 

Neutrophils > 70% 41 34 82.9 

Platelets < 100 × 109/L 41 15 36.6 

Anemia 41 37 90.2 

Elevated CRP 40 39 95.1 

Serum albumin 41 31 75.6 

Chest imaging    

Unilateral exudation 41 24 58.5 

Bilateral exudation 41 17 41.5 

Unilateral pleural effusion 41 14 34.1 

Bilateral pleural effusion 41 3 7.3 

Consolidation 41 2 4.9 

APACHE II (mean ± SD)   23.66 ± 7.71 

CPIS (mean ± SD)   7.66 ± 1.57 

SOFA (mean ± SD)   6.93 ± 2.47 

Mortality 41 9 22.0 

WBC: white blood cells; CRP: C-reactive protein; APACHE II: acute physiology and chronic health evaluation II; CPIS: clinical pulmonary infection score; 

SOFA: sequential organ failure assessment 
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previous use of immunosuppressants, chemotherapy, 

antacid use, clinical score, and mortality rate were 

compared and analyzed. 

 

Statistical analysis 

To examine the characteristics of all patients, 

measurement data were assessed as mean ± standard 

deviation (SD), and count data were analyzed as 

percentages.  

To determine risk factors for imipenem-resistant A. 

xylosoxidans, univariate logistic regression analyses 

were performed. To determine independent risk factors, 

a multivariate logistic regression analysis was 

performed (p < 0.05). All risk factors with p values < 

0.05 in the univariate model were included in the 

multivariate model. All tests were two tailed [15]. P < 

0.05 was considered significant. SPSS, version 19.0 

(IBM, Armonk, USA) was used for the analysis. 

 

Table 2. Underlying diseases and state of the hospital-acquired pneumonia patients with Achromobacter xylosoxidans infection. 

Underlying diseases and state Total number Number of positive cases Positive rate (% ) 

Underlying diseases    

Chronic heart diseases    

Coronary heart diseases 41 26 63.4 

Hypertension 41 33 80.5 

Arrhythmia 41 13 31.7 

Chronic lung diseases    

COPD 41 13 31.7 

Interstitial lung diseases 41 15 36.6 

Tuberculosis 41 4 9.8 

Cancers 41 8 19.5 

Hematologic malignancies 41 1 2.4 

Solid tumors 41 7 17.1 

Cerebrovascular diseases 41 30 73.2 

Chronic renal failure 41 6 14.6 

Diabetes 41 21 51.2 

Peptic ulcer 41 3 7.3 

Antibiotics used in 14 days    

Cephalosporins 36 21 58.3 

Carbapenem 36 13 36.1 

Quinolones 36 12 33.3 

Broad-spectrum penicillins 36 9 25.0 

Aminoglycosides 36 4 11.1 

Linezolid 36 2 5.6 

Antifugal drugs 36 11 30.6 

Nitroimidazole 36 9 25.0 

Tetracycline 36 5 13.9 

Trimethoprim-sulfamethoxazole 36 2 5.6 

Catheterization    

Central venous catheterization 41 31 75.6 

Nasotracheal intubation 41 7 17.1 

Tracheostomy cannula 41 22 53.7 

Ureter 41 21 51.2 

Stomach tube 41 38 92.7 

Drugs    

Proton-pump inhibitor 41 31 75.6 

Corticosteroids 41 5 12.2 

Chemotherapy 41 3 7.3 

Immunosuppressor 41 2 4.9 

Antacids 41 1 2.4 

Operation    

Abdominal operation 41 2 4.9 

Chest surgery 41 1 2.4 

COPD: chronic obstructive pulmonary disease. 

javascript:void(0);
javascript:void(0);
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Results 
Clinical features of all patients with A. xylosoxidans 

infection 

The clinical features of the patients are summarized 

in Tables 1 and 2. The patients had a mean age of 87.3 

± 5.6 years, and 92.3% (38/41) were males. The most 

frequent underlying disease was hypertension, which 

was present in 33 (80.5%) patients. Thirty patients 

(73.2%) had cerebrovascular disease, 26 patients 

(63.4%) had coronary heart disease, and 21 patients 

(51.2%) had diabetes mellitus. Other underlying 

diseases were interstitial lung disease (15 patients, 

36.6%), chronic obstructive pulmonary disease 

(COPD) (13 patients, 31.7%), arrhythmia (13 patients), 

malignancy (8 patients, 19.5%), chronic renal failure (6 

patients), old pulmonary tuberculosis (4 patients), and 

peptic ulcer (3 patients). Thirty-one (75.6%) patients 

were being treated with a proton-pump inhibitor (PPI), 

and 5 (12.2%) patients were receiving corticosteroids. 

Three patients were undergoing chemotherapy, and two 

patients were receiving immunosuppressants. 

Moreover, almost all patients had undergone intubation. 

A stomach tube and central venous tube had been used 

in 92.7% (38/41) and 75.6% (31/41) of the patients, 

respectively. Other tubes that had been used were a 

nasotracheal tube (7 cases, 17.1%), tracheostomy 

cannula (22 cases, 53.7%), and urinary catheter (21 

cases, 51.2%). 

Thirty-six patients were treated with a variety of 

definitive antimicrobial therapies within 14 days: 

58.3% (21/36) of the patients were prescribed 

cephalosporins, 36.1% (13/36) carbapenem, 33.3% 

(12/36) quinolones, and 30.6% (11/36) an antifungal 

drug. Other antibiotics included nitroimidazole (9 

cases), broad-spectrum penicillin (9 cases), tetracycline 

(5 cases), aminoglycosides (4 cases), linezolid (2 

cases), and trimethoprim-sulfamethoxazole (2 cases). 

The time at which a positive culture of the organism 

was obtained ranged from two weeks to three years after 

admission to the inpatient department. 

Chest imaging of all patients revealed patchy 

exudation. Pleural effusion was found in 41.5% (17/41) 

of the patients, and 2 patients showed consolidation. 

The most notable finding was a lower rate of fever and 

an increase in white blood cell counts in fewer than half 

of the patients. However, nearly 90% of the patients 

presented increased numbers of neutrophils and 

elevated levels of C-reactive protein (CRP). In addition, 

in terms of biochemical markers, 37 patients (90.2%) 

had anemia (hemoglobin < 120 g/L), and 31 cases 

(75.6%) had decreased serum albumin levels (< 35 g/L) 

at onset. 

Six patients had chronic infections that lasted more 

than one year. Among those patients with infection, 32 

were alive and 9 (22.0%) had died 30 days after 

infection. 

 

Antimicrobial susceptibility 

The antimicrobial susceptibility is shown in Table3. 

All strains were resistant to nitrofurazone and almost all 

strains were resistant to gentamicin and amikacin. The 

resistance rate of aztreonam approached 90%. 

Table 3. Antimicrobial susceptibility patterns of the Achromobacter xylosoxidans isolated in a tertiary hospital. 

Drug 
Resistance 

N (%) 

Intermediate 

N (%) 

Sensitive 

N (%) 

Amikacin 40 (97.6%) 0 (0.0%) 1 (2.4%) 

Gentamicin 40 (97.6%) 0 (0.0%) 1 (2.4%) 

Aztreonam 37 (90.2%) 4 (9.8%) 0 (0.0%) 

Cefoperazone 21 (51.2%) 9 (22.0%) 11 (26.8%) 

Cefepime 25 (61.0%) 5 (12.2%) 11 (26.8%) 

Ceftazidime 7 (17.1%) 5 (12.2%) 29 (70.7%) 

Levofloxacin 9 (22.0%) 10 (24.4%) 22 (53.7%) 

Ciprofloxacin 18 (43.9%) 9 (22.0%) 14 (34.1%) 

Minocycline 3 (7.3%) 12 (29.3%) 26 (63.4%) 

Imipenem 20 (48.8%) 3 (7.3%) 18 (43.9%) 

Meropenem 15 (36.6%) 3 (7.3%) 23 (56.1%) 

Cefoperazone/sulbactam 3 (7.3%) 5 (12.2%) 33 (80.5%) 

Piperacillin 7 (17.1%) 2 (4.9%) 32 (78.0%) 

Piperacillin-tazobactam 3 (7.3%) 1 (2.4%) 37 (90.2%) 

Trimethoprim-sulfamethoxazole 6 (14.6%) 0 (0.0%) 35 (85.4%) 

Polymyxin B 17 (41.5%) 1 (2.4%) 23 (56.1%) 

Nitrofurantoin 41 (100.0%) 0 (0.0%) 0 (0.0%) 

 



 

 

Table 4. Clinical features of the patients infected by imipenem-resistant Achromobacter xylosoxidans. 

No

. 

Sex/ag

e 
Comorbidities Cannula  

Predisposing 

factor 

Antibiotics 

used in 14 

days 

Clinical 

presentations 

Chest 

imaging 

Empiric 

therapy 

Switched 

therapy 

Mechanica

l 

ventilation 

APACH

E II 

CPI

S 

SOF

A 

Complication

s 

Outcom

e at 30 

days 

4 M/94 

CHD; ILD; 

CRF; 

hypertension; 

cerebrovascular 

disease; 

malignancy 

CVC; ureter; 

stomach 

tube; 

nasotracheal 

intubation 

– 
TZP; 

caspofungin 

Fever (Tmax 

39); chills; 

purulent sputu

m 

Bilateral 

exudation

; pleural 

effusion 

(R) 

CIP SCF 
Non-

invasive 
31 10 10 Sepsis Died 

6 F/75 

Hypertension; 

arrhythmia; 

diabetes; 

cerebrovascular 

disease; 

postoperative 

CVC; ureter; 

stomach 

tube; 

tracheostom

y cannula 

PPI – 

Fever (Tmax 

37.5); 

purulent sputu

m 

Bilateral 

exudation

; pleural 

effusion 

(R) 

FEP TZP Invasive 23 6 8 RF Survived 

8 M/95 

ILD; CHD; 

hypertension; 

arrhythmia; 

diabetes; 

cerebrovascular 

disease 

CVC; 

stomach 

tube 

PPI – 

Dyspnea; 

cyanosis; 

cough; 

purulent sputu

m 

Bilateral 

exudation 

Flomoxe

f 
MXF – 13 6 9 RF Survived 

16 M/85 

Cerebrovascula

r disease; 

malignancy; 

hypertension; 

arrhythmia; 

CHD; COPD 

Stomach 

tube; 

tracheostom

y cannula 

PPI CIP; MEM 

Fever (Tmax 

38.7); chills; 

purulent sputu

m 

Exudation 

(R) 
SCF SCF – 32 7 7 – Survived 

17 M/82 

CHD; diabetes; 

hypertension; 

cerebrovascular 

disease 

CVC; 

stomach 

tube; 

tracheostom

y cannula 

PPI 

TZP; SXT; 

MXF; 

linezolid; 

voriconazol

e 

Fever (Tmax 

38.7); chills; 

cough; 

purulent sputu

m 

Exudation 

(R); 

pleural 

effusion 

(L) 

SCF TZP+MIN 
Non-

invasive 
31 8 8 RF Survived 

18 M/90 

COPD; CHD; 

CRF; diabetes; 

hypertension; 

arrhythmia; 

cerebrovascular 

disease 

CVC; ureter; 

stomach 

tube; 

tracheostom

y cannula 

PPI; 

corticosteroid

s 

MXF; 

linezolid; 

voriconazol

e 

Purulent sputu

m 

Bilateral 

exudation 
IPM TZP 

Non-

invasive 
28 8 7 RF Survived 

21 M/92 

CHD; CRF; 

diabetes; 

hypertension; 

arrhythmia 

CVC; ureter; 

stomach 

tube; 

nasotracheal 

intubation 

PPI 

MEM; 

MXF; 

omidazole 

Purulent sputu

m 

Bilateral 

exudation

; Pleural 

effusion 

(L) 

SCF  Non-

invasive 
31 8 11 RF Survived 

22 M/91 

COPD; CHD; 

hypertension; 

arrhythmia; 

malignancy 

CVC; ureter; 

stomach 

tube; 

tracheostom

y cannula 

PPI MEM; FEP 

Fever (Tmax 

37.5); purulent 

sputum 

Exudation 

(R); 

pleural 

effusion 

(R) 

CAZ 
LEV+ME

M 

Non-

invasive 

switched to 

invasive 

32 8 6 RF Survived 

23 M/93 

COPD; CHD; 

CRF; diabetes; 

hypertension; 

cerebrovascular 

disease 

CVC; ureter; 

stomach 

tube; 

tracheostom

y cannula 

PPI 

MXF; 

linezolid; 

voriconazol

e 

Fever (Tmax 

38.5); chills; 

purulent sputu

m 

Bilateral 

exudation 
IPM LEV+TZP Invasive 35 8 12 Sepsis Died 

24 M/88 

COPD; ILD; 

CHD; diabetes; 

hypertension; 

cerebrovascular 

disease 

CVC; ureter; 

stomach 

tube; 

tracheostom

y cannula 

PPI 
MEM; 

penicillin 

Purulent sputu

m 
Exudation IPM LEV+SCF 

Non-

invasive 

switched to 

invasive 

20 8 6 RF Survived 

 

 

L
iu

 e
t 

a
l.

 –
F

ea
tu

re
s 

o
f 

H
A

P
 w

it
h

 A
. 
xy

lo
so

xi
d

a
n

s 
in

 t
h
e 

el
d
er

ly
 

 
 

 
 

J 
In

fe
ct

 D
ev

 C
tr

ie
s 

2
0
1

7
; 

1
1

(1
):

1
0

-1
8
 

javascript:void(0);


 

 

Table 4(continued). Clinical features of the patients infected by imipenem-resistant Achromobacter xylosoxidans. 

No. Sex/age Comorbidities Cannula  

Predisposing 

factor 

Antibiotics 

used in 14 

days 

Clinical 

presentations 

Chest 

imaging 

Empiric 

therapy 

Switched 

therapy 

Mechanical 

ventilation 

APACHE 

II 
CPIS SOFA Complications 

Outcome 

at 30 

days 

26 M/87 

COPD; ILD; 

hypertension; 

CHD; 

cerebrovascular 

disease 

CVC; ureter; 

stomach tube; 

tracheostomy 

cannula 

PPI 
SCF; IPM; 

linezolid 
Purulent sputum 

Exudation 

(R) 
MEM CIP+TZP – 18 8 6 – Survived 

27 M/91 

COPD; CHD; 

hypertension; 

diabetes 

CVC; ureter; 

stomach tube; 

tracheostomy 

cannula 

PPI FEP; TZP 
Cough; 

purulent sputum 

Exudation 

(R) 
MEM CAZ+MIN – 18 7 7 – Survived 

31 M/87 

CHD; 

hypertension; 

cerebrovascular 

disease 

CVC; ureter; 

stomach tube; 

tracheostomy 

cannula 

PPI 

CSF; 

etimicin; 

flomoxef 

Fever (Tmax 

37.9); 

purulent sputum 

Exudation 

(L) 
MEM TZP+CAZ Invasive 33 6 10 Sepsis Died 

33 M/79 

COPD; ILD; 

CHD; diabetes; 

hypertension; 

cerebrovascular 

disease 

Stomach 

tube; 

nasotracheal 

intubation 

PPI; 

corticosteroids 

IPM; MIN; 

TZP 
Purulent sputum 

Exudation 

(L) 
MXF SCF – 18 7 5 – Survived 

34 M/83 

COPD; ILD; 

CHD; 

hypertension; 

arrhythmia; 

cerebrovascular 

disease 

CVC; 

stomach tube; 

tracheostomy 

cannula 

PPI 
TZP; SXT; 

voriconazole 

Fever (Tmax 

38.5); purulent 

sputum 

Exudation 

(L); 

pleural 

effusion 

(R) 

CAZ+CIP SCF 

Non-

invasive 

switched 

to invasive 

33 11 8 Septic shock Died 

35 M/88 

ILD; OPT; HD; 

diabetes; 

cerebrovascular 

disease 

– – – 
Cough; 

purulent sputum 

Exudation 

(R) 
MXF  – 16 8 6 RF Survived 

36 M/99 

COPD; diabetes; 

cerebrovascular 

disease 

CVC; ureter; 

Stomach 

tube; 

tracheostomy 

cannula 

PPI SCF; MEM Purulent sputum 
Exudation 

(R) 
IPM MIN+TZP 

Non-

invasive 

switched 

to invasive 

21 7 7 RF Survived 

38 M/88 

CRF; 

hypertension; 

peptic ulcer; 

cerebrovascular 

disease; 

malignancy 

CVC; ureter; 

stomach tube; 

tracheostomy 

cannula 

PPI; H2 

receptor 

blockers 

CAZ; 

MEM; 

caspofungin; 

MNZ 

Fever (Tmax 

38.0); cough; 

chills; purulent 

sputum 

Bilateral 

exudation 
LEV TZP – 32 10 7 Sepsis Died 

39 F/82 

Diabetes; 

cerebrovascular 

disease; 

hypertension 

CVC; ureter; 

stomach tube; 

nasotracheal 

intubation 

PPI; 

corticosteroids 

MEM; FEP; 

caspofungin 

Fever (Tmax 

37.4); 

purulent sputum 

Exudation 

(R); 

pleural 

effusion 

(L) 

MXF CSF+CAZ 

Non-

invasive 

switched 

to invasive 

30 10 8 Sepsis Died 

41 M/93 

CHD; 

arrhythmia; 

hypertension 

CVC; ureter; 

stomach tube; 

tracheostomy 

cannula 

PPI; 

corticosteroids 

MIN; IPM; 

CSF; MNZ 

Fever (Tmax 

37.6); 

purulent sputum 

Bilateral 

exudation; 

pleural 

effusion 

(L) 

MEM CIP+TZP Invasive 27 6 6 RF Survived 

CHD: coronary heart disease; COPD: chronic obstructive pulmonary disease; ILD: interstitial lung disease; CRF: chronic renal failure; OPT: obsolete pulmonary tuberculosis; RF: respiratory failure; CVC: 

central venous catheterization; PPI: proton-pump inhibitor; TZP: piperacillin-tazobactam; SCF: cefperazone-sulbactam; SXT: trimethoprim-sulfamethoxazole; IPM: imipenem; MEM: meropenem; FEP: 

cefepime; MIN: minocycline; MNZ: metronidazole; CAZ: ceftazidime; MXT: moxifloxacin; CIP: ciprofloxacin; LEV: levofloxacin; APACHE II: acute physiology and chronic health evaluation II; CPIS: 
clinical pulmonary infection score; SOFA: sequential organ failure assessment. 
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Approximately half of the isolates were resistant to 

carbapenems, polymyxin B, quinolone, and third- and 

fourth-generation cephalosporins (excluding 

ceftazidime). However, significant sensitivity to 

minocycline, piperacillin-tazobactam, and 

cefoperazone-sulbactam was observed. 

 

Clinical features and risk factors of patients with 

imipenem-resistant A. xylosoxidans infection 

The detailed clinical and microbiological data for 

the 20 cases of imipenem-resistant infection are 

described in Table 4. Compared with patients with 

imipenem-nonresistant A. xylosoxidans (Table 5), more 

patients with imipenem-resistant A. xylosoxidans had 

received long-term catheterization (tracheostomy 

cannula), a PPI, or had COPD or CHD. Among the four 

risk factors, both COPD and CHD persisted as 

independent risk factors in the multivariate analysis. Of 

21 cases with imipenem-resistant infection, 3 had 

chronic infections that lasted for more than 1 year, and 

6 had died 30 days after infection. 

 

Discussion 
This is the first report of HAP due to A. 

xylosoxidans in elderly patients in China. Most of the 

patients had three or more underlying diseases and had 

undergone two or three catheterizations. Invasive 

manipulation may increase the risk for infection since 

the airway epithelial cells may be damaged, which 

could greatly reduce the defensive capabilities of the 

patient. Old age and high rates of cerebrovascular 

disease may have greatly increased the risk of aspiration 

due to reduced sensitivity of pharyngeal reflex [15]. 

In our study, 92.7% (38/41) of the patients received 

nourishment via a stomach tube. In addition, 75.6% 

(31/41) patients had decreased albumin, which may be 

one explanation for the poor immune response. 

Moreover, 51.2% (21/41) patients had diabetes, which 

is a known risk factor for infection [16]. In addition, the 

patients with CHD were classified as New York Heart 

Association (NYHA) functional class (FC) IV, which is 

one explanation for the long-term bed-ridden status. In 

summary, the influence of these comorbidities on one 

another may have contributed to the development of 

infection. 

In the present study, it was notable that the rate of 

chemotherapy, use of glucocorticoids, and use of other 

immunosuppressants was reduced, but the rate of PPI 

use was nearly 80%. Almost all the elderly patients had 

a stomach tube to obtain nutrition, and antiplatelet 

drugs were frequently used to treat cardiovascular and 

cerebrovascular diseases. Therefore, PPI was used to 

prevent gastrorrhagia and peptic ulcer. Many studies 

have shown that PPI use may greatly increase the risk 

of infection due to the low pH of the stomach mucous 

[17]. Furthermore, PPI can reduce the minimum 

inhibitory concentration (MIC) of some antibiotics 

[18]. 

Most of the patients had anemia and decreased 

albumin levels due to undernutrition, which may lead to 

a reduced rate of fever and increased white blood cell 

(WBC) numbers. Interestingly, N% (neutrophil 

percent) and CRP show higher sensitivity in elderly 

patients, which is largely consistent with previous 

findings [19] and thus may be characteristic of the 

elderly.  

Compared with a previous study, the APACHE II 

score (23.66 ± 7.71) was higher in the present analysis, 

which was mainly a result of old age [20]. Mortality was 

related to A. xylosoxidans infection in nine (22%) 

patients, which is similar to previous findings [20,21]. 

Aisenberg et al. collaborators [20] revealed that sepsis 

syndrome and high APACHE II scores are predictors of 

an increase in 30-day mortality. Although the APACHE 

II score in the imipenem-resistant group (26.95 ± 8.02) 

was higher than that in the imipenem-nonresistant 

group (20.52 ± 6.06) (p < 0.05), there were no obvious 

differences in mortality (6 cases versus 3 cases). This 

finding may be due to the small sample size. 

Other epidemiological studies have demonstrated 

that outbreaks due to this organism can be associated 

with intravascular pressure [22] transducers and 

chlorhexidine [23]. However, due to the limitations of 

this retrospective study, this isolate was not identified 

in routine detection of the doctor’s hands and medical 

instruments in the infectious diseases department. 

A previous study has shown that most of the isolates 

are susceptible to trimethoprim-sulfamethoxazole, 

piperacillin-tazobactam, and cefoperazone-sulbactam, 

and are resistant to second- and third-generation 

cephalosporins, aminoglycosides, and ciprofloxacin. 

However, the strains in the present study showed 

increased sensitivity to minocycline, and approximately 

half of the isolates were resistant to imipenem. 

Moreover, 17 isolates (33.3%) were resistant to 

polymyxin B. In addition, all patients were highly 

resistant to nitrofurantoin, which is used to treat urinary 

tract infections. Thus, if this organism is detected in 

urine cultures, doctors should be alerted to avoid the 

spread of infection. The increasing numbers of 

antibiotic-resistant organisms was more frequently 

detected, and the repeated administration of antibiotics 

to treat infections due to common pathogens, especially 
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P. aeruginosa and A. baumannii, might underlie the 

selection for resistant A. xylosoxidans [24]. 

As a result of this, synergistic antimicrobial 

combinations have been evaluated. Previous studies 

have shown that piperacillin plus gentamicin [25], 

azithromycin plus doxycycline, and azithromycin plus 

trimethoprim-sulfamethoxazole may provide treatment 

alternatives for infections caused by multidrug-resistant 

A. xylosoxidans [26]. 

Carbapenems are active against many clinically 

widespread pathogens and are stable in the presence of 

various β-lactamases, especially for the treatment of a 

wide variety of multidrug-resistant pathogens. To date, 

many reports have shown a widespread epidemic of 

carbapenem-resistant isolates. Moreover, various 

metallo-b-lactamase (MBL) were detected, suggesting 

that Achromobacter spp. became a reservoir of various 

resistance genes of storage and exchange. 

[10,27,28,29]. 

In the imipenem-resistant group, COPD and CHD 

were independent risk factors. CHD, especially NYHA 

FCIV, could result in elderly patients becoming 

bedridden, which could increase the rate of hypostatic 

pneumonia and, consequently, exposure to various 

antibiotics for persistent and recurrent infection. 

Respiratory infection is a common reason for acute 

exacerbation of COPD (AECOPD). The repeated useof 

antibiotics to treat underlying diseases may contribute 

to imipenem resistance. Thus, the rational use of 

antibiotics and prevention of infection for elderly 

patients who had various underlying diseases is of 

principal importance. Treatment is also a challenge 

because of the high rate of antibiotic resistance among 

the elderly. Some researchers recommend 

trimethoprim-sulfamethoxazole, carbapenems, and 

antipseudomonal penicillins (with or without an 

aminoglycoside) for the treatment of systemic 

infections[20]. However, half of our patients were 

resistant to carbapenems. Considering the renal toxicity 

of trimethoprim-sulfamethoxazole, it is suggested that 

minocycline, piperacillin-tazobactam, and 

cefoperazone-sulbactam may be the best choice for the 

treatment of elderly patients. However, one report has 

indicated that early treatment with inhaled antibiotics 

may prevent or postpone chronic infection due to 

Achromobacter in patients with CF [30]. Thus, this 

therapy may provide an alternative choice. 

There are some limitations in our study. First, it 

consisted of a small sample, and our findings may not 

be exactly reflected for other populations. Second, it 

was a retrospective study, so molecular testing for 

isolates was not carried out, and we were unable to 

explain epidemiological issues. 

 

Conclusions 
Due to the lack of recognition of A. xylosoxidans, 

some cases have been considered to be contamination. 

If this isolate is detected in patients with CHD, COPD, 

or with indwelling catheters, great attention should be 

focused on hygiene during the handling of medical 

instruments, and the specimen should be cultured 

several times. When the strain causing infection in 

elderly patients has been identified, optimal antibiotic 

treatments and mechanical ventilation should be 

adopted in time. 

 
 
Acknowledgements 
This work was supported by the National Basic Research 

Program of China (973 Program) No. 2014CB744400 and 

Foundation for the Excellent Young Program of the 

Organization Department ofBeijing Municipal Party 

Committee (2016000057592G258). All authors read and 

approved the final version of the manuscript. 

 

 
References 
1. Yabuuchi E, Oyama A (1971) Achromobacter xylosoxidans n. 

sp. from human ear discharge. Jpn J Microbiol 15: 477-481. 

2. Tena D, Gonzalez-Praetorius A, Perez-Balsalobre M, Sancho 

O, Bisquert J (2008) Urinary tract infection due to 

Achromobacter xylosoxidans: report of 9 cases. Scand J Infect 

Dis 40: 84-87. 

3. Knippschild M, Schmid EN, Uppenkamp M, König E, Meusers 

P, Brittinger G, Höffkes HG (1996) Infection by Alcaligenes 

xylosoxidans subsp. xylosoxidans in neutropenic patients. 

Oncology 53: 258-262. 

4. Tena D, Carranza R, Barbera JR, Valdezate S, Garrancho JM, 

Arranz M, Saez-Nieto JA (2005) Outbreak of long-term 

intravascular catheter-related bacteremia due to 

Achromobacter xylosoxidans subspecies xylosoxidans in a 

hemodialysis unit. Eur J Clin Microbiol Infect Dis 24: 727-732. 

5. Weitkamp J H, Tang Y W, Haas DW, Midha NK, Crowe JE Jr 

(2000) Recurrent Achromobacter xylosoxidans bacteremia 

associated with persistent lymph node infection in a patient 

with hyper-immunoglobulin M syndrome.pdf. Clin Infect Dis 

31: 1183-1187. 

6. Ramos JM, Fernández-Roblas R, García-Ruiz P, Soriano F 

(1995) Meningitis caused by Alcaligenes (Achromobacter) 

xylosoxidans associated with epidural catheter. Infection 23: 

395-396. 

7. Espinoza-Gómez F, Newton-Sánchez OA, Melnikov V, 

Virgen-González O, Unrau J (2007) Meningitis caused by 

Alcaligenes xylosoxidans in a patient with HIV AIDS. Braz J 

Infect Dis 11: 603-604. 

8. Manckoundia P, Mazen E, Saloff Coste A, Somana S, Marilier 

S, Duez JM, Camus A, Popitean L, Bador J, Pfitzenmeyer P 

(2011) A case of meningitis due to Achromobacter 

xylosoxidans denitrificans 60 years after a cranial trauma. Med 

Sci Monit 17: CS63-CS65. 



Liu et al. –Features of HAP with A. xylosoxidans in the elderly     J Infect Dev Ctries 2017; 11(1):10-18. 

18 

9. Gelfand MS, Cleveland KO (2014) Successful treatment with 

doripenem of ventriculitis due to Achromobacter xylosoxidans. 

QJM 107: 923-925. 

10. Yamamoto M, Nagao M, Hotta G, Matsumura Y, Matsushima 

A, Ito Y, Takakura S, Ichiyama S (2012) Molecular 

characterization of IMP-type metallo-beta-lactamases among 

multidrug-resistant Achromobacter xylosoxidans. J 

Antimicrob Chemother 67: 2110-2113. 

11. Rotstein C, Evans G, Born A, Grossman R, Light RB, Magder 

S, McTaggart B, Weiss K, Zhanel GG (2008) Clinical practice 

guidelines for hospital-acquired pneumonia and ventilator-

associated pneumonia in adults. Can J Infect Dis Med 

Microbiol 19: 19-53. 

12. Trancassini M, Iebba V, Citera N, Tuccio V, Magni A, Varesi 

P, De Biase RV, Totino V, Santangelo F, Gagliardi A, Schippa 

S (2014) Outbreak of Achromobacter xylosoxidans in an Italian 

Cystic fibrosis center: genome variability, biofilm production, 

antibiotic resistance, and motility in isolated strains. Front 

Microbiol 5: 138. 

13. Tena D, Martinez NM, Losa C, Solis S (2014) Skin and soft 

tissue infection caused by Achromobacter xylosoxidans: report 

of 14 cases. Scand J Infect Dis 46: 130-135. 

14. Clinical and Laboratory Standards Institute (2010) 

Performance standards for antimicrobial susceptibility 

testing:20th informational supplement. CLSI document M100-

S20. Wayne, PA: CLSI. 

15. Firdous S (2012) Concomitant tuberculous meningitis and 

Lutembacher syndrome with multiple atrial septal defects and 

infective. J Coll Physicians Surg Pak 22: 666-668. 

16. Lipsky BA (2004) Medical treatment of diabetic foot 

infections. Clin Infect Dis 39Suppl 2:104-114. 

17. Laheij RJF, Van Ijzendoorn MC, Janssen MJR, Jansen JBMJ 

(2003) Gastric acid-suppressive therapy and community-

acquired respiratory infections. Aliment Pharmacol Ther 18: 

847-851. 

18. Ni W, Cai X, Liang B, Cai Y, Cui J, Wang R (2014) Effect of 

proton pump inhibitors on in vitro activity of tigecycline 

against several common clinical pathogens. PLoS One 9: 

e86715. 

19. Xia J, Zhang D, Xu Y, Gong M, Zhou Y, Fang X (2014) A 

retrospective analysis of carbapenem-resistant Acinetobacter 

baumannii-mediated nosocomial pneumonia and the in vitro 

therapeutic benefit of cefoperazone/sulbactam. Int J Infect Dis 

23: 90-93. 

20. Aisenberg G, Rolston KV, Safdar A (2004) Bacteremia caused 

by Achromobacter and Alcaligenes species in 46 patients with 

cancer (1989-2003). Cancer 101: 2134-2140. 

21. Gomez-Cerezo J, Suarez I, Rios JJ, Pena P, Garcia de Miguel 

MJ, de Jose M, Monteagudo O, Linares P, Barbado-Cano A, 

Vazquez JJ (2003) Achromobacter xylosoxidans bacteremia: a 

10-year analysis of 54 cases. Eur J Clin Microbiol Infect Dis 

22: 360-363. 

22. Gahrn-Hansen B, Alstrup P, Dessau R, Fuursted K, Knudsen 

A, Olsen H, Oxhøj H, Petersen AR, Siboni A, Siboni K. (1988) 

Outbreak of infection with Achromobacter xylosoxidans from 

contaminated intravascular pressure transducers. J Hosp Infect 

12: 1-6. 

23. Vu-Thien H, Darbord JC, Moissenet D, Dulot C, Dufourcq JB, 

Marsol P, Garbarg-Chenon A (1998) Investigation of an 

outbreak of wound infections due to Alcaligenes 

xylosoxidanstransmitted by chlorhexidine in a burns unit. Eur 

J Clin Microbiol Infect Dis 17: 724-726. 

24. Amoureux L, Bador J, Siebor E, Taillefumier N, Fanton A, 

Neuwirth C (2013) Epidemiology and resistance of 

Achromobacter xylosoxidans from cystic fibrosis patients in 

Dijon, Burgundy: first French data. J Cyst Fibros 12: 170-176. 

25. Duggan J, Goldstein S, Chenoweth C, Kauffman C, Bradley S 

(1996) Achromobacter xylosoxidans bacteremia report of four 

cases and review of the literature. Clin Infect Dis 23: 569-576. 

26. Saiman L, Chen Y, Gabriel PS, Knirsch C (2002) Synergistic 

activities of macrolide antibiotics against Pseudomonas 

aeruginosa,Burkholderia cepacia, Stenotrophomonas 

maltophilia, and Alcaligenes xylosoxidans isolated from 

patients with cystic fibrosis. Antimicrob Agents Chemother 46: 

1105-1107. 

27. Shin KS, Han K, Lee J, Hong SB, Son BR, Youn SJ, Kim J, 

Shin HS (2005) Imipenem-resistant Achromobacter 

xylosoxidans carrying blaVIM-2-containing class 1 integron. 

Diagn Microbiol Infect Dis 53: 215-220. 

28. Riccio ML, Pallecchi L, Fontana R, Rossolini GM (2001) In70 

of plasmid pAX22, a bla(VIM-1)-containing integron carrying a 

new aminoglycoside phosphotransferase gene cassette. 

Antimicrob Agents Chemother 45: 1249-1253. 

29. Sofianou D, Markogiannakis A, Metzidie E, Pournaras S, 

Tsakris A (2005) VIM-2 metallo-beta-lactamase in 

Achromobacter xylosoxidans in Europe. Eur J Clin Microbiol 

Infect Dis 24: 854-855. 

30. Wang M, Ridderberg W, Hansen CR, Hoiby N, Jensen-Fangel 

S, Olesen HV, Skov M, Lemming LE, Pressler T, Johansen 

HK, Norskov-Lauritsen N (2013) Early treatment with inhaled 

antibiotics postpones next occurrence of Achromobacter in 

cystic fibrosis. J Cyst Fibros 12: 638-643. 

 
Corresponding authors 
Changting Liu, PhD  

Nanlou Respiratory Disease Department, Chinese PLA General 

Hospital 

28 Fuxing Rd, Haidian district 

Beijing 100853, P. R. China 

Phone: +86-13717575119 

Email: liuchangting301r@163.com 

 

Long Qin, MD 

Intensive Care Unit, Beijing Haidian Hospital 

Beijing Haidian Section of Peking University Third Hospital 

29 Zhongguancun Rd, Haidian district 

Beijing 100191, P. R. China 

Phone: +86-18889083645 

Email: qinlong612@163.com 

 

Conflict of interests: No conflict of interests is declared.

 


	Introduction
	Methodology
	Patients and clinical data
	Microorganism identification and antimicrobial susceptibility testing
	Case-control study design
	Statistical analysis

	Results
	Clinical features of all patients with A. xylosoxidans infection
	Antimicrobial susceptibility
	Clinical features and risk factors of patients with imipenem-resistant A. xylosoxidans infection

	Discussion
	Conclusions
	Acknowledgements
	References
	Corresponding authors


