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Analysis on distribution features and drug resistance
of clinically isolated Acinetobacter baumannii
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Abstract. The aim of the present study was to examine the
clinical distribution and drug resistance of Acinetobacter
baumannii infection, and provide evidence of clinical medica-
tion as well as the prophylaxis for the treatment of drug resistance
bacteria. In total, 306 Acinetobacter baumanniis selected from
routine culture were collected between January 2012 and
December 2013, to analyze the distributions among clinical
specimens and wards and their drug resistance state. Of the
306 Acinetobacter baumanniis, the main distribution of speci-
mens was sputum, accounting for 77.78%. The distribution of
administrative office was dominated by intensive care unit
with a proportion of 40.0% in 2012, which rapidly increased
to 60.9% in 2013, followed by neurosurgery, respiration medi-
cine and orthopedics with proportions of 23, 12 and 9.0%
in 2012 and 9.71, 8.74 and 3.88% in 2013, respectively. The
Acinetobacter baumannii's drug resistance rate of Tazobactam
and Piperacillin was increased from 68.0% in 2012 to 71.36%
in 2013. At the same time, the drug resistance rate of imipenem
was enhanced from 66.0% in 2012 to 72.81% in 2013. By 2013,
the drug resistance rates of penbritin, ceftizoxime, cefotetan
and macrodantin reached <100%. In conclusion, Acinetobacter
baumannii mainly causes respiratory tract infection with
severe drug resistance. The drug resistance of Acinetobacter
baumannii was mainly manifested as multidrug resistance or
even pan-drug resistance with an obvious increasing trend of
tolerance. Thus, it is necessary to prevent and treat nosocomial
infection, to minimize usage of antibiotics and to standardize
medical operating, to reduce the increase in persistence.

Introduction
Acinetobacter baumannii is a type of aerobic gram-negative

bacilli and non-fermented saccharide (1). It is widely distributed
in nature, hospital environments, skin surface of humans and
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organs such as respiratory, intestinal and urinary tract (2). It is
also the main pathogenic bacteria of acquired infections in the
hospital. In recent years, owing to the wide use of antibacterial
drugs such as f-lactam antibiotics and cephalosporin anti-
biotics (3) and the popularization of invasive procedures, the
multidrug-resistant Acinetobacter baumannii detection ratio
has shown an increasing trend (4). Additionally, Acinetobacter
baumannii has become the main pathogenic bacteria, causing
fulminant epidemic infections in the hospital, creating diffi-
culties in clinical treatment (5,6).

Therefore, an analysis and comparison of the clinical
distribution and drug resistance of Acinetobacter baumannii
at The First People's Hospital of Xuzhou (Jiangsu, China)
between 2012 and 2013 was conducted. The study aimed to
provide guidance on rational drug use in clinic and identify
methods that could be utilized in the prevention and treatment
of drug-resistant strains.

Materials and methods

Source of bacterial strain. A total of 306 Acinetobacter
baumanniis were isolated from sputum, blood and urine
samples which were obtained from the patients from various
clinical departments at The First People's Hospital of Xuzhou
between January 2012 and December 2013. Repeated bacterial
strains were obtained from the same site from the same patient
were also screened out.

The present study was approved by the Ethics Committee
of the First People's Hospital of Xuzhou. Written informed
consent was obtained from all participants or their families
prior to the study.

Identification of bacteria and drug sensitivity test.
Fully-automatic microorganism identification and drug sensi-
tivity analysis was conducted using VITEK 2 (bioMerieux,
Marcy I'Etoile, France). The results of drug sensitivity were
assessed according to the criteria of Clinical and Laboratory
Standards Institute in 2010 (7).

Quality-control strains. Escherichia coli ATCC 25922 and
Pseudomonas aeruginosa ATCC 27853 were used in the
present study as a control.

Statistical analysis. WHONE 5.5 (WHO Collaborating Centre;
http://www.whonet.org/) (8), provided by the drug-resistant
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Table I. Constituent ratio of the distribution of 306 Acineto-
bacter baumanii clinical specimens (%).
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Table III. Constituent ratio of the distribution of 206 Acineto-
bacter baumanii clinical department specimens in 2013 (%).

Specimens Plants Constituent ratio, %  Wards Plants Constituent ratio, %
Sputum 238 77.78 ICU 124 60.19
CSF 23 7.52 Brain surgery 18 8.74
Wound secretion 27 8.82 Respiratory medicine 16 7.77
Blood 7 2.29 Orthopaedics 8 3.88
Throat swab 5 1.63 Brain medicine 5 243
BALF 2 0.65 Hematology 1 0.49
Others 4 1.31 General surgery 6 291
Total 306 100.00 Others 28 13.59

Total 206 100.00

CSF, cerebrospinal fluid; BALF, bronchoalveolar lavage fluid.

Table II. Constituent ratio of distribution of 100 Acinetobacter
baumanii clinical department specimens in 2012.

‘Wards Plants Constituent ratio, %
ICU 40 40
Brain surgery 23 23
Respiratory medicine 12 12
Orthopaedics 9 9
Brain medicine 2 2
Hematology 3 3
General surgery 3 3
Others 8 8
Total 100 100

ICU, intensive care unit.

monitor group of the World Health Organization, was used for
statistical analysis.

Results

Distribution of specimens. Sputum had the highest detection
ratio at 77.78%, followed by wound secretion at 8.82%, and
cerebrospinal fluid at 7.52% (Table I).

Distribution of departments. The highest proportion of posi-
tive specimens was intensive care unit (ICU), accounting for
40.0% in 2012 and increased to 60.19% in 2013, followed
by neurosurgery with the proportion of 23% in 2012
and 8.74% in 2013. Respiration medicine followed these
with a proportion of 12.0% in 2012 and 7.77% in 2013
(Tables II and III).

Drug sensitivity. The Acinetobacter baumannii drug resistance
rate of Tazobactam and Piperacillin increased from 68.0%
in 2012 to 71.36% in 2013. At the same time, the drug resis-
tance rate of imipenem was elevated from 66.0% in 2012
to 72.81% in 2013. Additionally, by 2013, the drug resistance

ICU, intensive care unit.

rates of penbritin, ceftizoxime, cefotetan and macrodantin
reached 100% (Tables IV and V).

Discussion

Sputum specimens are the main source of Acinetobacter
baumannii, with the highest rate of 77.78%, indicating that
Acinetobacter baumannii mainly results in respiratory
tract infection, a finding that was consistent with earlier
reports (9,10). Other specimen sources included wound secre-
tion, cerebrospinal fluid, blood and throat swab (1-3). Thus,
Acinetobacter baumannii also leads to surgical site infection,
secondary meningitis, bacteremia and systematic infections of
other organs.

ICU had the highest detection ratio among all administra-
tive offices for 2012 and 2013, with 40 and 60.19%, respectively.
The increase indicated that Acinetobacter baumannii was
one of the main opportunistic pathogens of ICU infections.
The majority of patients in ICU are in poor health owing
to various diseases including cardiovascular disease and
diabetes (11). They are required to remain in the ICU for a
long period of time and are subject to hypoimmunity. They
are also administered antibiotics with strong antimicrobial
activity and wide antibacterial spectrum. Additionally, most
patients with medical histories including being on a ventilator
machine and undergoing tracheotomy, constitute risk factors
of opportunistic pathogen infection (11,12). The majority
of patients recovering from brain surgery are required to
remain in a reclining position and are weak in immunity. The
Acinetobacter baumannii can result in secondary meningitis,
and the positive specimens of cerebrospinal fluid from brain
surgery were secondary to ICU. Most of the patients in the
Department of Pneumology of The First People's Hospital of
Xuzhou experience severe chronic respiratory disease. Such
patients included transfer patients from rural environments
who were prone to vartious basic diseases such as cardiovas-
cular disease and diabetes and the medical history of using
antibiotics informally over a long period of time (11). Some
of these patients were hormone-dependent, malnourished
and had a lack of immunity. Therefore, the Department of
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Table IV. A total of 100 Acinetobacter baumanii drug-sensitive rates (%) in 17 types of antibacterial agents in 2012.

Sensitive Intermediary Drug resistant
Antibacterial drugs Plants sensitive rate, Plants intermediary rate, Plants resistant rate,
no. (%) no. (%) no. (%)
Penbritin (1) 3) (96)
Ceftazidime (16) 3) (81)
Gentamicin (18) (D) (81)
Macrodantin 0) 0) (100)
Amikacin (74) 3) (23)
Penbritin-S (18) 2) (80)
Levofloxacin (18) (8) (74)
Cefepime (17) 5 (78)
Tobramycin (20) ) (80)
Ceftizoxime 0) (1) 99)
CPFX (17) (1) (82)
Ceftriaxone ) 3) (95)
Cefotetan 0) 0) (100)
PIPC+TAZ (22) (10) (68)
Selectrin (13) ) (87)
Imipenem (31) 3) (66)
Aztreonam (22) (13) (85)

CPFX, ciprofloxacin; PIPC, piperacillin; TAZ, tazobactam.

Table V. A total of 206 Acinetobacter baumanii drug-sensitive rates (%) in 17 types of antibacterial agents in 2013.

Sensitive Intermediary Drug resistant
Antibacterial drugs Plants sensitive rate, Plants intermediary rate, Plants resistant rate,

no. (%) no. (%) no. (%)
Penbritin 0(0) 0 (0) 206 (100)
Ceftazidime 24 (11.65) 9 (4.37) 173 (83.98)
Gentamicin 32 (15.53) 1(0.49) 173 (83.98)
Macrodantin 0(0) 0(0) 206 (100)
Amikacin 122 (59.22) 32 (15.53) 52 (25.24)
Penbritin-S 32 (15.53) 2(0.97) 172 (83.50)
Levofloxacin 28 (13.59) 8 (3.88) 170 (82.53)
Cefepime 27 (13.11) 5(243) 174 (84 .46)
Tobramycin 37 (17.96) 0 (0) 169 (82.04)
Ceftizoxime 0 (0) 0 (0) 100 (100)
CPFX 23 (11.16) 1(0.49) 182 (88.35)
Ceftriaxone 2(0.97) 19 (9.22) 185 (89.81)
Cefotetan 0(0) 0 (0) 206 (100)
PIPC+TAZ 38 (18.45) 21 (10.19) 147 (71.36)
Selectrin 35 (16.99) 0(0) 171 (83.01)
Imipenem 51 (24.76) 5(2.43) 150 (72.81)
Aztreonam 0(0) 15 (7.28) 191 (92.72)

CPFX, ciprofloxacin; PIPC, piperacillin; TAZ, tazobactam.

Pneumology is also one of the main departments that produce
Acinetobacter baumannii.

Acinetobacter baumannii is a common opportunistic
pathogen present in the hospital. It has a strong adaptive
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capacity to the environment and acquisition of exogenous
drug resistance genes. Acinetobacter baumannii readily forms
multidrug-resistant strains and spreads rapidly. Consequently,
it has received attention worldwide. According to investiga-
tions conducted in 2012, the Acinetobacter baumannii
drug-resistant rates of 16 types of antibiotics such as imipenem,
piperacillin, tazobactam, cefepime, ciprofloxacin and ceftri-
axone exceeded 60%, with the exception of the drug-resistant
rate of amikacin (23%). Compared with 2012, besides the
slight decrease of the drug-resistant rates of ceftriaxone and
selectrin, the remaining 15 types of antibiotics all increased
to some extent by 2013. Furthermore, the drug resistance
rates of penbitrin, ceftizoxime, cefotetan and macrodantin
all reached <100% by 2013. In recent years, multidrug- and
pan-drug resistant Acinetobacter baumannii have gradually
become global clinical problems (13,14). Most Acinetobacter
baumannii under examination between 2012 and 2013
were multiple resistant bacteria, even pan-resistant bacteria,
which resulted in serious problems in clinical treatment.
According to relevant reports (15), the resistance mechanism
of Acinetobacter baumanniito medicine is complicated. In
general, it can generate -lactamase to damage the structure
of B-lactams, and change the quantities and structure of its
own membrane protein to alter permeability. The variation of
drug target penicillin-binding proteins cause the decrease of
affinity to medicine. Additionally, the reduction of membrane
protein permeability outside bacteria and the hyperfunction
of the efflux pump system may reduce the effective drug level
inside bacteria. Due to the wide use of broad-spectrum antibi-
otics, multidrug-resistant Acinetobacter baumannii increases
constantly. Therefore, using antibiotics more canonically and
reasonably is extremely important in controlling the develop-
ment of bacterial drug resistance and protecting the effective
antibacterial function of antibiotics.

In recent years, the drug-resistant ability of Acinetobacter
baumannii to carbapenems has led to numerous infections
in the hospital and poor prognosis. Thus, consecutive moni-
toring of Acinetobacter baumannii's drug resistance and drug
sensitivity in the hospital should be investigated, the use of
clinical antibiotics minimize, and close cooperation with
infected patients should occur, together with enhancing the
sanitary control of medical workers, disinfecting various
medical equipment after use, and regularizing the diagnosis
and treatment for reducing the infection of Acinetobacter
baumannii (16,17). Strict measures for controlling the increase
of drug-resistant strains should be developed to reduce the
prevalence and case fatality rates of infection in the hospital.
Thus, understanding the drug resistance of Acinetobacter
baumannii at various time points is significant in the appli-
cation of clinical antibiotics to promote the result of clinical
anti-infection treatment effectively.
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