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Abstract 

Acinetobacter baumannii represents a major constituent of nosocomial flora and frequently affects patients from intensive 
care units (ICUs) and elders. The aim of this study was to investigate the risk factors for clinical infection of Acinetobacter 
baumannii in ICU, analyse the correlation between clinical empirical antibiotic use and antibiotic resistance, and to identify 
the β-lactamase resistance genes and drug resistance mechanisms. From 200 non-zymogenous bacteria infected patients 
treated in the People’s Hospital of Taizhou City, Jiangsu, China, 90 eligible patients were selected to detect the antibiotic 
resistance mechanism of β-lactamase. Independent factors were determined using multi-bacterial infection and probability 
regression method. The condition of drug resistance was investigated using agar dilution method. Genes were analysed using 
polymerase chain reaction (PCR) gene amplification test. The results showed that, 40% of the 160 bacterial strains isolated 
from the selected 90 patients were Acinetobacter baumannii and the respiratory system was the major infection site. The 
average age of the subjects when being infected was 67.15 years old; the ratio of male to female was 1.6:1. Deep vein 
catheterization was an independent risk factor (p < 0.05). The drug resistance rate of Acinetobacter baumannii ranged from 
40% to 90%, and it showed a high resistance to five categories of antibacterial agents including cephalosporin, carbapenems, 
antimicrobials against β-lactamases, fluoroquinolones and aminoglycosides. In all these cases, β-lactamase resistant genes 
TEM-1, AmpC and IMP were all positive. IMP-1 and OXA-23 metalloenzymes are implicated in the mechanisms by which 
Acinetobacter baumannii develops multi-drug resistance to β-lactamase antibacterial agents. This study provides a direction 
for clinical personalized medication. 
 
Rezumat 

Acinetobacter baumannii reprezintă un constituent major al florei nozocomiale și afectează frecvent pacienții din 
departamentele de terapie intensivă și vârstnicii. Prezentul studiu a avut ca obiectiv identificarea factorilor de risc pentru 
infecția cu Acinetobacter baumannii în departamentul de terapie intensivă, analizarea legăturii dintre utilizarea empirică de 
antibiotice și rezistența la acestea, precum și identificarea genelor rezistente la β-lactamaze și a mecanismului de apariție a 
rezistenței la antibiotice. Din 200 de pacienți infectați cu bacterii non-zimogene tratați în People’s Hospital of Taizhou City, 
Jiangsu, China, 90 de pacienți au fost selectați pentru a determina mecanismul de rezistență la antibiotic, dependent de β-
lactamază. Factorii independenți au fost determinați analizând infecțiile multi - bacteriene și folosind metoda regresiei. 
Rezistența la medicamente a fost identificată utilizând metoda diluțiilor în agar. Genele au fost analizate prin amplificarea 
genei folosind reacția de polimerizare în lanț (PCR). Rezultatele au arătat că 40% din cele 160 de tulpini bacteriene izolate de 
la cei 90 de pacienți selectați au fost Acinetobacter baumannii, iar sistemul respirator este principalul loc de infecție. Vârsta 
medie a subiecților în momentul infectării este de 67,15 ani, iar raportul bărbați:femei este de 1,6:1. Cateterizarea venoasă 
este un factor de risc independent (p < 0,05). Rata de rezistență la antibiotice a Acinetobacter baumannii este cuprinsă între 
40% și 90%, prezentând o rezistență crescută la 5 categorii de antibiotice precum cefalosporine,  carbapenemi, inhibitori de 
β-lactamază, fluorochinolonele și aminoglicozidele. Genele pentru β-lactamază TEM-1, AmpC și IMP au fost toate pozitive. 
Metaloenzimele IMP-1 și OXA-23 sunt implicate în mecanismul prin care Acinetobacter baumannii dezvoltă multi-rezistența 
la antibacteriene β-lactamazice. Acest studiu reprezintă o dovadă care susține ideea utilizării unui tratament personalizat în 
cazul infecțiilor bacteriene. 
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Introduction 

Intensive care unit (ICU) plays an important role in 
rescuing critically ill patients and improving the 
survival rate of patients [20]. However, ICU is a place 

with a high incidence of hospital-acquired infection, 
infectious complications or infections with severe 
fungal infections with fungi from Fusarium genus 
[15, 17]. There are evidences suggesting that risk 
factors of Acinetobacter baumannii infection included 
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deep vein catheterization, immunosuppressor, abdominal 
indwelling catheter, surgery and indwelling gastric 
tube [6, 19]. Non-fermentative bacteria are a kind 
of Gram negative bacteria which are unable to use 
glucose in other form except oxidized [13]. It 
represents a major constituent of nosocomial flora. 
Acinetobacter baumannii as a conditioned pathogen 
can produce infections of the surgical incisions, 
lower respiratory infections, bacteraemia and meningitis 
and pneumonia in critically patients from intensive 
care unit (ICU) [3, 4, 10]. Studying the distribution 
and drug resistance of bacteria in ICU it is very 
useful for personalized treatment with antimicrobial 
agents to decrease the resistance of bacteria to drugs. 
Multi-drug resistance is more and more frequent 
lately, leading to a wide-range prevalence of cloned 
strains and a high fatality rate that make clinical 
treatment extremely difficult [1]. The production of 
β-lactamase is the most common mechanism for 
extensively drug-resistant Acinetobacter baumannii 
and is also the most important mechanism for drug 
resistance to carbapenems. Many experimental studies 
have suggested that, the infection with Acinetobacter 
baumannii had obvious distribution characteristics, i.e., 
department distribution and population distribution. 
Acinetobacter baumannii has the highest infection 
rate in ICU departments and in elders [9]. 
Therefore, the study of clinical infections with 
Acinetobacter baumannii and the analysis of β-
lactamase resistant genes have an important impact 
and reference value in the prevention and the 
control of the spread of the pneumonia induced by 
Acinetobacter baumannii and it treatment. The 
analysis and detection of β-lactamase resistant 
genes aims to find a correlation between drug-
resistant genes and drug-resistant phenotypes and to 
identify the resistance mechanism of these bacteria 
to different antibiotics. This will help to establish a 
perfect and high-efficient infection monitoring 
system, and will provide a scientific basis for the 
reasonable use of antibacterial drugs, the reduction 
of hospital infection incidence and the prevention 
and control of Acinetobacter baumannii. 
 
Materials and Methods 

Research subjects 
Two hundred patients who were clinically infected 
with non-fermentative bacteria and admitted into 
the ICU department of People’s Hospital of 
Taizhou City, Jiangsu, China, from June, 2015 to 
June, 2016 were selected. Patients that were 
clinically infected with Acinetobacter baumannii 
were selected as experimental subjects. Finally 90 
patients were selected and all of them signed the 
informed consent. The diagnostic criteria of ICU 

clinical infection followed the Diagnostic Criteria 
of Nosocomial Infection (Trial) carried out by the 
Chinese Ministry of Health in 2011. 
Main reagents and instruments 
Reagents and instruments used included PCR 
purification kit (Solarbio Technology Co., Ltd., 
Beijing, China), HT-250B electro-heating standing-
temperature cultivator (Jintan Chengxi Chunlan 
Experimental Instrument Plant, Jiangsu, China), 
GTR16-2 refrigerated centrifuge (Beijing Shidai Beili 
Centrifuge Co., Ltd., Beijing, China), M398593 
bacterial turbidity meter (Xihuayi (Beijing) Science 
and Technology Co., Ltd., Beijing, China), HMI 
multipoint inoculation meter (Tianjin Weiyi Science 
and Technology Development Co., Ltd., Tianjin, 
China), DYY-12 electrophoresis apparatus and 
electrophoresis tank (Top Instrument Co., Ltd., 
Zhejiang, China), TS-211C Constant temperature 
shaking table (Changzhou Guanjun Instrument 
Manufacturing Co., Ltd., Jiangsu, China), QIAGEN 
50×TAE electrophoretic buffer solution (Shanghai 
Xinyu Biotech Co., Ltd., Shanghai, China) and in-
house L-B liquid medium. 
Experimental methods 
Test on the sensitivity of Acinetobacter baumannii 
to antibacterial drugs 
The inoculation, collection, isolation, identification 
and drug sensitivity test of samples were made in 
the bacteriology facility of the Laboratory Department 
of the First Affiliated Hospital of Zhejiang University. 
160 strains were isolated from the different 
infection sites of the 90 patients. The bacterial 
category was identified by a fully automatic micro-
organism identification instrument. A test on the 
sensitivity of Acinetobacter baumannii to anti-
bacterial drugs was carried out using agar double 
dilution method [12]. Then the data were analysed. 
Risk factors were obtained by single-factor X2 
screening using SPSS 17.0 and analysed. 
Study on β-lactamase resistant genes 
Preparation of antibacterial drugs and bacteria. 
Stock solution in a concentration of 1290 mg/L was 
prepared using the following drugs: cephalosporins 
included cefepime (FEP), cefotaxime (CTX), 
ceftriaxone (CRO), and ceftazidime (CAZ); 
carbapenems included imipenem (IMP), and 
meropenem (MEM); fluoroquinolones included 
ciprofloxacin (CIP), levofloxacin (LVX), and 
gatifloxacin (GAT); aminoglycosides included 
gentamicin (GM) and amikacin (AMK); anti-
microbials containing β lactamase inhibitors included 
piperacillin (PIP), tazobactam (TZP), and aztreonam 
(ATM). The stock solution was diluted into different 
concentrations and transferred to plates. Then the 
antibacterial drugs were transferred to the plates 
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using double dilution method, cooled to 50°C, added 
with 22 mL Müeller-Hinton agar, and shaken up. 
The bacterial strains were inoculated into agar plates 
and cultured at 37°C overnight. Sterile normal saline 
and five floras which have been grinded into powder 
were put into glass tubes. The bacterial turbidity 
meter was set as 0.5 MCF. 
The bacterial liquid was inoculated into antibacterial 
drug plates using multipoint inoculation meter, 
105 CFU each point. Then the plates were put into 
an incubator and cultured at 37°C. The results were 
observed after 16 hours and the MICs were established. 
The standards of Clinical and Laboratory Standards 
Institute (CLSI) were followed. The result explanation 
referred to the standards of CLSI in 2014. 
Single colony was inoculated into a Luria broth (LB) 
tube (4 mL) and then the tube was put on shaking 

tables (37°C) overnight. Then 2 mL of bacterial 
liquid was centrifuged at 1,000 rpm for 5 min. After 
washing with normal saline, 0.8 mL of distilled 
water was added. Then the solution was heated at 
100°C for 10 min and centrifuged at 12,000 rpm for 
10 min. Finally, it was stored at -20°C to be made 
into a DNA template of bacterial strains. 
PCR amplification and sequencing of carbapenemases 
genes 
Primer sequence references were synthesized by the 
Society of Biochemistry and Molecular Biology in 
Jiangsu (Table I). 
Gene amplification was performed on multi-drug 
resistant bacteria using universal primers according 
to the sequences in Genebank, as shown in Table II. 

Table I 
Primer sequences of amplified genes 

Gene name Primer sequence Primer length 

IMP-1 P1 CATGGTTTGGTGGTTCTTGT   548 P2 ATAATTTGGCGGACTTTGGC   

VIM-1  P1 ATGTTCAAACTTTTGAGTAAG 801 P2 CTACTCAACGACTGAGCG 

VIM-2 P1 GTTTGGTCGCATATCGCAAC 382 P2 AATGCGCAGCACCAGGATAG 

SIM-1 P1 TACAAGGGATTCGGCATCG   571 P2 TAATGGCCTGTTCCCATGTG 

OXA-23 P1 AAGCATGATGGAGCGCAAAG 1067 P2 AAAAGGCCATTTATCTCAAA 

OXA-24 P1 GTACTAATCAAAGTTGTGAA 995 P2 TTCCCCTAACATGAATTTGT 
 

Table II 
Gene amplification of multi-drug resistant bacteria 

Primer name Primer sequence Primer length 

TEM P1 5’-GCTATGTGGTGCGGTATT-3’ 309 P2 5’-CGCTCGTCGTTTGGTAT-3’ 

SHV P1 5’-AAGCGAAAGCCAGCTGTCG-3’ 176 P2 5’-TTCGCTCCAGCTGTTCGTC-3’ 

OXA-1 P1 5’-TTTTCTGTTGTTTGGGTTTT-3’ 409 P2 5’-TTTCTTGGCTTTTATGCTTG-3’ 

OXA-2 P1 5’-CGCTGTTCGTGATGAGTTCC-3’ 210 P2 5’-ATCGGCGTTGCCATAGTC-3’ 

OXA-10 P1 5’-ATGGTGTCTTCGTGCTTT-3’ 299 P2 5’-TCTTACTTCGCCAACTTCT-3’ 

OXA-20 P1 5’-ATTCGCCTGCGTCCACATTC-3’ 472 P2 5’-TCTACCCAACCGACCCACCA-3’ 

CTX-M-1 P1 5’-ACAGCGATAACGTGGCGATG-3’ 197 P2 5’-TCACCCAATGCTTTACCCAG-3’ 

CTX-M-2 P15’-GAAATCAAGAAGAGCGACCTG-3’ 180 P2 5’-CAACGAGCGAGCAAACG-3’ 

CTX-M-8 P1 5’-TTTGCCCGTGCGATTGG-3’ 368 P2 5’-CGACTTTCTGCCTTCTGCTCT-3’ 

CTX-M-9 P1 5’-CTGCTTAATCAGCCTGTCGA-3’ 211 P2 5’-TCAGTGCGATCCAGACGAAA-3’ 
 



FARMACIA, 2017, Vol. 65, 1 
 

 
 

100 

Gel electrophoresis and purification of PCR products 
Electrophoresis (voltage: 90 V; current: 75 mA; time: 
4 h) was performed on PCR products using 1% agar 
gel. Then it was stained using 0.5 µg/L ethidium 
bromide and processed by gel imaging. The results 
were photographed and observed using an analysis 
system; gel was recycled and purified after being sliced. 
Statistical analysis 
SPSS ver. 17.0 software was used for statistical 
analysis. Possible risk factors as breathing machine, 
deep vein catheterization, the use of glucocorticoid 
immunosuppressive drugs, abdominal indwelling 
catheter, surgery were analysed and screened using 
single-factor Chi-square test. The correlations of 
risk factors for multi-bacterial infection and disease 
outcome with empirical medication and multi-drug 
resistance were processed by multi-factor analysis. 
Measurement data were processed using Student-t 
test. Difference was considered as statistically 
significant if p < 0.05. 
 
Results and Discussion 

Distribution characteristics of Acinetobacter baumannii 
infection 
Distribution in population. Investigation and analysis 
suggested that, 95% of the 90 patients were adults, 
74% of which were over 50 years old; the average 

infection age was 67.15 years old. Males had a 
higher morbidity compared to females (1.6:1). 
Distribution in department. The infection rate of 
Acinetobacter baumannii in the ICU of the respiratory 
department was 38%, the ICU in the neurosurgery 
department was 8%, the ICU in the neurology 
department was 4%, the centre ICU was 40%, and 
the ICU in the department of chest surgery was 9%, 
and coronary care unit was 1%. 
Drug sensitivity detection 
Drug resistance rate could be calculated by using 
the formula: drug resistance rate = the number of drug-
resistant cells / the total number of cells * 100%. 
Sensitivity rate could be calculated by using the 
formula: sensitivity rate = the number of sensitive 
cases / total number of cases * 100%. As shown in 
Figure 1, Acinetobacter baumannii showed a low 
sensitivity to CRO and GM, and the drug resistance 
rate was the highest; it showed a high sensitivity to 
IMP and MEM, and the drug resistance rate was low. 
The results of MIC suggested that, Acinetobacter 
baumannii resisted to five types of antibacterial 
drugs including cephalosporins, carbapenems, anti-
microbials containing β-lactamases inhibitors, fluoro-
quinolones and aminoglycosides, indicating the 
multi-drug resistance of Acinetobacter baumannii 
in ICU infection. 

 

 
Figure 1. 

MIC values of antibacterial drugs to Acinetobacter baumannii 
(PIP: piperacillin, TZP: tazobactam, FEP: cefepime, CTX: cefotaxime, CRO: ceftriaxone, CAZ: ceftazidime, 

IMP: imipenem, MEM: meropenem, ATM: aztreonam, GM: gentamicin, AMK: amikacin, CIP: ciprofloxacin, 
LVX: levofloxacin, GAT: gatifloxacin) 

 
Analysis of risk factors of Acinetobacter baumannii 

Table III 
Factor analysis of single-bacterial infection of Acinetobacter baumannii 

Risk factor Case number X2 value p value 
Breathing machine 21 0.342 0.501 
Deep vein catheterization 26 0.355 0.165 
Glucocorticoid immunosuppressive drugs 12 0.258 0.463 
Abdominal indwelling catheter 10 0.576 0.445 
Gastric intubation 13 0.214 0.752 
Surgery 8 0.524 0.367 
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Table IV 
Analysis of risk factors of multi-bacterial infection 

Risk factor No. of cases Multi-bacterial infection X2 value p value Positive Percentage 
Breathing machine 78 34 43.6% 4.231 0.041* 
Deep vein catheterization 46 26 56.7% 9.524 0.002* 
Glucocorticoid immunosuppressive drugs 41 18 43.9% 1.051 0.306 
Abdominal indwelling catheter 40 15 37.5% 0.069 0.792 
Indwelling gastric tube 77 34 44.2% 3.745 0.054 
Surgery 63 25 39.7% 0.101 0.748 

Note: * p < 0.05. 
 
The test results in Table III can help determine the 
risk factors in Table IV. Multi-bacterial infection 
refers to the infection of two or more pathogenic 
bacteria at the same site. Among the 90 cases of 
infection, 37 cases were multi-bacterial infection 
(41.1%). Of the 37 cases, 34 cases were induced by 
breathing machine and indwelling gastric tube, 25 
cases were by surgery, 26 cases were by deep vein 
catheterization, 18 cases were by immunosuppressors 

and 15 cases were by abdominal indwelling catheters. 
Single-factor X2 test results suggested that, 
breathing machine and deep vein catheterization 
were the risk factors for multi-bacterial infection 
(X2 = 4.231, p = 0.041; X2 = 9.524, p = 0.002). 
Multi-factor Logistic regression analysis indicated 
that, deep vein catheterization was the independent 
risk factor (X2 = 5.976, p = 0.015), as shown below. 

Table V 
Regression analysis of risk factor probability 

Independent risk factor X2 value p value 95% CI 
Low High 

Indwelling gastric tube 4.456 0.035* 0.815 67.011 
Deep vein catheterization 5.976 0.015* 1.274 9.571 
Breathing machine 5.110 0.019* 1.063 54.381 
Glucocorticoid immunosuppressive drugs 1.359 0.237 0.640 6.792 
Abdominal indwelling catheter 1.603 0.237 0.640 6.792 
Surgery 1.092 0.188 0.772 8.305 

Note: * p < 0.05. 
 
Analysis of 4 PCR gene amplification products for 
the analysis of β-lactamase resistant genes 
β-lactamase genes TEM-1, AmpC and IMP were all 
positive. Ten strains of Acinetobacter baumannii 
were randomly selected for PCR detection. The 
results were searched using Basic Local Alignment 
Search Tool (BLAST). It was found that, the 
sequences were consistent with those in Genebank 
and the homologous rate was over 99% (Figure 2). 
When β-lactamase genes Ampc and TEM of 
Acinetobacter baumannii were amplified using 
PCR, amplification products with 500 bp and 510 
bp could be obtained respectively. β-lactamase 
TEM was 530 bp, which was consistent with the 
expected value. Considering drug sensitivity results, 
it was found that, genes showing resistance to 
cephalosporin and compound preparations containing 
β-lactamase inhibitors had multiple combination 
modes and IMP-1 + OXA-23 was the most common. 
IMP-1 and OXA-23 metalloenzymes could effectively 
promote the generation of drug resistance. 
 

 

 
Figure 2. 

PCR amplification patterns of β-lactamase genes 
(M: DNA marker; 1-2: IMP-1; 3-4: TEM-1; 5-6: 

Ampc; 7: OXA-24; 8: OXA-23) 
 
This study confirms the findings of other studies 
that Acinetobacter baumannii, is extensively distributed 
in hospitals and the human body, being one of the 
conditioned pathogenic bacteria along with other 
hospital germ such as Klebsiella strains [5]. According 
to relevant statistics, the positive rate of AmpC β-
lactamase of Acinetobacter baumannii in tertiary 
hospitals is 72%, indicating that the Acinetobacter 
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baumannii has become an important pathogenic 
bacterium of ICU infection in hospitals [11]. This 
study explored the clinical infection of Acinetobacter 
baumannii in ICU and investigated β-lactamase 
resistant genes. Experimental results showed that, 
Acinetobacter baumannii infection in ICU was in a 
close correlation to multiple factors and deep vein 
catheterization was the independent risk factor. The 
drug resistance mechanism of β-lactamase produced 
by Acinetobacter baumannii is to break amido 
bonds by hydrolysing β lactam rings [14, 18]. This 
study detected three kinds of β-lactamase resistant 
genes, i.e., TEM-1, AmpC and IMP, and analysed 
the correlations between them and drug resistance 
[16]. In current medical practice were also tested 
other antibacterial alternatives as antibacterial 
metabolites from endophytic fungus, Cladosporium 
sp. isolated from the leaves of Rauwolfia serpentina 
(L.) or chemical derivatives like triazoles 4-6 and 
hydrazinecarbothioamide 2 compounds and aryl-
aliphatic aminoalcohol derivative KVM-194 [2, 7, 8]. 
The low number of samples analysed represents a 
limitation of the study, therefore, further evaluations 
regarding the mechanism of drug resistance of 
Acinetobacter baumannii need to be performed. 
 
Conclusions 

Acinetobacter baumannii is one of the important 
pathogenic bacteria in ICU infection. It can induce 
infection in various systems. This study investigated 
the risk factors for clinical infection of Acinetobacter 
baumannii and the correlation between clinical 
empirical medication and multi-drug resistance, 
trying to find relevant drug resistance mechanisms by 
analysing β-lactamase resistant genes and provides 
a direction for clinical personalized medication. 
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