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Abstract: Objective: To investigate genotypes and encoding resistance genes differences of Acinetobacter bauman-
nii and analyze their interrelations with multi-drug resistance. Methods: All 127 Acinetobacter baumannii strains 
were random collected from the second Xiangya Hospital from 2008 to 2012. The KB method was adopted for 
the drug sensitivity test. RAPD technique was used to establish DNA fingerprinting. And Polymerase chain reaction 
(PCR) was performed to determine the production of the genes. The relationship between the gene encoding and 
multi-drug resistance was investigated after gene sequencing. Also, the rates of resistance genes and the rela-
tions with the genotype and the multi-resistance. Results: 47 sensitive strains and 80 multi-drug resistance strains 
were isolated. And seventeen genotypes (A~Q) were obtained. E genotype was the predominant type in multi-drug 
resistance strains (46/80), mainly derived from the ICU (22/34). The carrying rates of resistant genes in resistance 
strain were significant differences compared with sensitive strains (P≤0.05), and the proportions were up to a range 
of 40.0~97.5% except for rmtB. The resistant rate was significantly higher in the strains carrying resistant genes 
than those without. The lowest resistant rate was cefoperazone/Sulbactam (36.3%), followed by Amikacin (65.2%). 
Higher resistant rates were noticed in the other antibiotics (75.0~91.3%) in multi-drug resistant strains. Three 
aminoglycoside genes was simultaneously detected in 27.5% multi-resistant strains, when the strains resistant 
to gentamicin and amikacin. The strains containing all the measured β-lactamase genes were pan-drug resistant 
strains. Conclusion: Compared with the sensitive A. baumannii strains, a broad resistance spectrum and a high 
drug resistance rate were showed in resistance strains isolated from our hospital, which harboring many kinds of 
β-lactamase genes and aminoglycosides genes with a high separation rate. Also, the same clone of multiple drug-
resistant strains may transmit within and among wards.
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Introduction

The proportion of non-fermentative bacteria 
isolated from clinics is rising with Acinetobacter 
species and Pseudomonas aeruginosa as the 
main strains which cause nosocomial infec-
tions. And they resulted in high fatality in criti-
cally ill patients and in patients with septic 
shock and bacteremia [1, 2]. To our best knowl-
edge, the sensitivity of Acinetobacter bauman-
nii to antibiotics has been declined annually as 
the abuse of broad-spectrum antibiotics and 
the increasing pressure of selecting antibiotics, 
leading to the production of multi-drug resis-
tance or pan-drug resistance strains. Recently, 

the nosocomial infection and epidemic of the 
multi-drug resistent A. baumannii has been 
reported worldwide. What’s more, spread of A. 
baumannii among hospitals or countries has 
been frequently noticed [3-6], which caused 
great threats to the public health, as well as the 
treatment and prevention of disease. As is 
known to all, one of the effective ways to guide 
the use of antibiotics in clinical practices is to 
monitor and identify the genotypes and multi-
drug resistant genes carried by certain bacte-
ria. In this study, we aim to analyze the geno-
types and resistant genes of A. baumannii. 
Additionally, we aim to explore the association 
between the evolution of clinical multi-drug 
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resistant strains and genome based on the 
resistant spectrum. On this basis, we could pro-
vide reliable basis for the rational use of antibi-
otics, as well as prevention and control noso-
comical infection of multi-drug resistant strains.

Materials and methods 

Strains collection and susceptibility test

A total of 127 A. baumannii strains were ran-
dom isolated from samples obtained from the 
department of in-patient and/or out-patient of 
the second Xiangya Hospital (Changsha, China) 
from 2008 to 2012. The samples were mainly 
obtained from sputum, wound secretion, flush-
ing fluid, draining fluid and prostatic fluid. 
Fifteen antibiotics including sulperazone, imi-
penem, levofloxacin ect. were chosen for the 
drug sensitivity test. K-B method recommend-
ed by WHO was adopted to test the drug sensi-
tivity of the A. baumannii strains. The bacterio-
static rings were evaluated according to the 
standard of the United States Laboratory 
Standards Committee (CLSI 2006). The strains 
used for the quality control were Escherichia 
coli ATCC 25922, Pseudomonas aeruginosa 
ATCC 27853, and Staphylococcus aureus ATCC 
25923, which were purchased from National 
Institutes for Food and Drug Control (Beijing, 
China). 

DNA isolation from A. baumannii and design of 
primers

A. baumannii strains were identified according 
the Berger bacteria identification manual (9th 
Edition) using Microscan W/A96 automatic 

microorganism identification (Simens Inco., 
Munich, Germany) and drug susceptibility sys-
tem. Then the strains were incubated at 37°C 
for 16~18 hours using blood culture. DNA 
extraction was carried out using the genomic 
DNA extraction kit purchased from the Beijing 
TianGen Bioch Co., Ltd. Drug-resistant genes 
sequence of β-lactamase (TEM-1, IMP, OXA-23, 
OXA-24 and AmpC), aminoglycoside-modifying 
enzymes (aac(3)-I, aac(6’)-I, ant(3’’)-I), and 16 s 
rRNA methylase (armA, rmtA, rmtB) were do- 
wnloaded from Genbank, respectively. On this 
basis, the primers were designed (Table 1). All 
the primers were synthesized by Sangon 
Biotech (Shanghai) Co., Ltd. 

Random amplified polymorphic DNA assay

The RAPD assay was performed as previously 
described by Kocleman et al [7] using a random 
primer designated as AP2 with a sequence of 
5’GTTTCGCTCC3’. The PCR products were sep-
arated using 1.5% agarose gel electrophoresis 
at 150 v/cm for 20 minutes. Gels were photo-
graphed under ultraviolet illumination, and ana-
lyzed using the gelation imaging system (Bio-
Rad Inco., CA, USA). 

PCR amplification for the drug-resistant genes

PCR reactions were performed in a volume of 
20 μl containing 2×Taq PCR Master Mix, 10 
μmol/L each primer, 1 μl DNA template. Am- 
plifications were performed under the condi-
tions listed in Table 1. The amplification prod-
uct was electrophoresed on a 1.5% agarose  
gel for 20 minutes with a voltage of 150 V. 
Subsequently, the DNA samples were sent to 

Table 1. Primer used for PCR and reaction conditions

Target
genes

Primer sequences (5’-3’)
Reference

Forward Reverse Size
TEM-1 TTCGTGTCGCCCTTATTC ACGCTCGTCGTTTGGTAT 512 bp /
IMP CTACCGCAGCAGAGTCTTTG AACCAGTTTTGCCTTACCAT 587 bp [27]
OXA-23 TGTCATAGTATTCGTCGTT TTCCCAAGCGGTAAA 453 bp /
OXA-24 TTTGCCGATGACCTT TAGCTTGCTCCACCC 175 bp /
AmpC CGACAGCAGGTGGAT GGTTAAGGTTGGCATG 510 bp /
aac(3)-I ACCTACTCCCAACATCAGCC ATATAGATCTCACTACGCGC 158 bp [28]
aac(6’)-I TATGAGTGGCTAAATCGA CCCGCTTTCTCGTAGCA 395 bp [28]
ant(3”)-I TGATTTGCTGGTTACGGTGAC CGCTATGTTCTCTTGCTTTTG 284 bp [28]
armA GGGGTCTTACTATTCTG TTCCCTTCTCCTTTC 503 bp /
rmtA CCTAGCGTCCATCCTTTCCTC AGCGATATCCAACACACGATGG 315 bp [28]
rmtB ATGAACATCAACGATGCCCTC TTATCCATTCTTTTTTATCAAGTATAT 756 bp [28]
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Table 2. Distribution of 127 strains of Acinetobacter baumann
Multi-drug resistent (n=80) Sensitive (n=47)
Ward region Strains (%) Sample type Strains (%) Ward region Strains (%) Sample type Strains (%)
ICU 26 (32.5) Sputum 70 (87.5) Ward region for the aged patients 16 (34.0) Sputum 43 (91.5)
Department of respiratory medicine 16 (20.0) Secretion of the wound 8 (10.0) ICU 8 (17.0) Secretion of the wound 1 (2.1)
Orthopedics department 11 (13.8) Drainage fluid 1 (1.3) Department of respiratory medicine 4 (8.5) Puncture fluid 1 (2.1)
Department of heart and chest 7 (8.8) Puncture fluid 1 (1.3) Department of nephrosis 4 (8.5) Medistream urine 1 (2.1)
Department of neurosurgery 7 (8.8) Department of blood 3 (6.4) Prostatic fluid 1 (2.1)
Department of neurology 4 (5) Department of pediatrics 3 (6.4)
Department of blood 2 (2.5) Department of neurosurgery 2 (4.3)
Urology surgery 2 (2.5) Department of heart and ches 2 (4.3)
Digestive system 2 (2.5) Urology surgery 2 (4.3)
Ward region for the aged patients 2 (2.5) Orthopedics departmen 1 (2.1)
Department of trauma 1 (1.3) Department of dermatology 1 (2.1)

Department of neurology 1 (2.1)
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Sangon Biotech (Shanghai) Co., Ltd for sequenc-
ing analysis after DNA purification. 

Statistical analysis

SPSS 17.0 software was used for the data anal-
ysis. The resistant rate and detecting rate of 
resistant genes were presented with percent-
age. Chi-square test was performed to compare 
the carrying rates of resistant genes. P≤0.05 
demonstrated significant difference.

Results

The Source, distribution and drugs sensitivity 
of the strains 

In total, 47 sensitive strains were selected 
according to the 15 antibiotics that were fre-
quently used in clinical practices. Also, 80 
strains with multi-drug resistant to five or more 
kinds of antibiotics were selected including 27 
pan-drug resistant strains. These strains were 
mainly derived from the department of ICU (34 
isolates), respiratory medicine (20 isolates), 
and the aged care wards (18 isolates). Among 
the samples, most of the strains were selected 
in sputum (Tables 2, 3). As shown in Table  
4, the 80 multi-drug resistant A. baumunnii 
strains showed the lowest resistant rate when 
exposure to cefoperazone/Sulbactam (CSL, 
36.3%), followed by Amikacin (AK, 65.2%) and 
Meropenem (75.0%). Higher resistant rates 
were noticed in the rest 12 kinds of antibiotics 
with a range of 81.3~91.3%. For instance, a 

resistant rate of 85.0% was observed when the 
strains were exposed to Imipenem (IPM) (Figure 
1).  

RAPD genotypes

A total of 17 genotypes (A~Q) were classified 
from the 127 strains. Among these genotypes, 
genotype E was the most common genotype, 
which was detected in 53 strains (Figure 2). For 
the samples collected from the ICU, genotype E 
was also the most common as its isolation 
rates was up to 64.7% (22/34). Of the 80 multi-
drug resistant strains, a total of 46 strains were 
isolated and identified as genotype E. Also, 
there was 21 strains from ICUs. The other 25 
strains were distributed in the department of 
respiratory medicine (10 isolates), neurosur-
gery (4 isolates), orthopedics (4 isolates), car-
dio-thoracic surgery (4 isolates), neurology (2 
isolates) and the aged care wards (1 isolate). 

Detection of resistant genes

Based on the electrophoresis of PCR frag-
ments, all resistant genes were detected in the 
strains except rmtA and rmtB. Compared with 
the sensitive strains, the positive rate of multi-
drug resistant strains was obviously higher 
except OXA-24 gene (P≤0.05) as indicated by 
Chi-square test. Subsequently, gene sequenc-
ing results were compared with the database 
on the NCBI website, and a homology of 
97.0~100% was identified in the nucleotide 
with a score of up to 443-822 (Figures 3 and 
4).

Description analysis of the phenotype, geno-
type and resistant genes carrying status 

In our study, the K-B method and RAPD geno-
type technique were used to investigate the 
drug sensitivity and the genotypes of the 
strains, respectively. For the relationship be- 
tween genotypes and drug susceptibility types, 
all genotypes were resistant strains and sensi-
tive strains just with different percentages of 
resistant sensitivity except the genotypes of G, 
L, and P, which were multi-drug resistant strains 
only sensitive to one or two antibiotics. The 
genotype of H and Q were sensitive strains. We 
found that strains with F genotype were apt to 
be sensitive, while E and A genotypes were 
tend to be resistant. Nevertheless, there were 
7 sensitive strains detected as genotype E. The 
susceptibility of A. baumannii varied greatly in 

Table 3. The carrying case of drug resistance 
genes in 127 strains Acinetobacter baumannii

Gene

Multi-drug 
resistent 
(n=80)

Sensitive 
(n=47) χ2 value P value

Strains (%) Strains (%)
TEM-1 78 (97.5) 29 (61.7) 28.595 0.000
IMP 40 (50.0) 7 (14.9) 15.652 0.000
OXA-23 71 (88.8) 13 (16.3) 49.339 0.000
OXA-24 54 (67.5) 21 (44.7) 6.376 0.000
AmpC 72 (90.0) 23 (48.9) 26.487 0.012
aac(3)-I 51 (63.8) 11 (23.4) 19.288 0.000
aac(6’)-I 50 (62.5) 17 (36.20) 8.235 0.004
ant(3”)-I 47 (58.8) 5 (10.60) 28.342 0.000
armA 60 (75.0) 5 (10.6) 49.084 0.000
rmtA 32 (40.0) 3 (6.4) 16.759 0.000
rmtB 14 (17.5) 2 (4.3) 4.717 0.030
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different department with the same genotype. 
For example, strains with A genotype were total 
resistant strains, and were obtained from the 
department of Orthopedics and Respiratory 
medicine. However, the strains were all sensi-
tive strains in Aged care wards, as well as 
department of pediatrics and cardiouascular 
surgery. Further analysis indicated 22 multi-
drug resistant strains (27.5%) carrying armA 
and genes encoding the aminolycoside-modify-

apparently higher than that of OXA-24. The 
OXA-23 carrying strains showed a resistant 
rate of ~82.5% (66/80) to IPM and MEM. In 
addition, a sensitivity of 72.3% was noticed in 
OXA-23 negative strains (34/47, Table 5). 
Moreover, TEM-1 carrying strains showed multi-
drug resistance except 2 strains which were 
both sensitive strains. One collected from  
pediatric, and the other collected from derma- 
tology. 

Table 4. The comparison of phenotype, genotype and resistance genes of A. baumannii carrying
Antibiotics PCR results Multi-drug resistent (n=80) Sensitive (n=47)
AK CN aac(3)-I aac(6’)-I ant(3”)-I armA Strains (%) Genotype Strains (%) Genotype

R R

+ + + + 22 (27.5%) A6*, B1, C2, D1, E10, M1, O1 / /
+ + - - 6 (7.5%) C1, E3, J1, I1 / /
- - + + 20 (25.0%) E19, L1 / /
- + - + 6 (7.5%) G1, K1, N1, E3 / /
+ + - + 9 (11.3%) E7, M2 / /
+ + + - 1 (1.3%) E1 / /
+ - - - 1 (1.3%) J1 / /

S R

+ - + - 3 (3.8) E1, F2 / /
- + + - 1 (1.3%) D1 / /
- - - + 1 (1.3%) N1 / /
+ + - + 1 (1.3%) F1 / /
+ - - - 1 (1.3%) E1 / /

S S

+ + + + 2 (2.5%) E1, O1 1 (2.1%) E1

+ + - - 2 (2.5%) A1, D1 3 (6.4%) D1, M1, K1

+ - - - 1 (1.3%) L1 2 (4.3%) E2

- + - - 1 (1.3%) I1 9 (19.1%) A1, B1, E2, H2, J2, Q1

+ + - + 2 (2.5%) P2 1 (2.1%) D1

- - - - / / 25 (53.2%) A4, B4, C3, E1, F9, J3, I1

- + + - / / 1 (2.1%) A1

+ + + - / / 1 (2.1%) E1

- - + - / / 2 (4.3%) B1, 01

+ - - + / / 2 (4.3%) N2

Asterisk was the strains of each genotype. R was resistan to antibiotics, and S was sensitive to antibiotics.

Figure 1. The resistant phenotype of 127 A. baumannii strains isolated from 
clinic.

ing enzymes (i.e. aac(3)-I, 
aac(6’)-I, ant(3”)-I) were resis-
tant to amikacin and gentami-
cin, mainly presented with E 
and A genotypes. There were 
25 sensitive strains (53.2%) 
without dectecting any amino-
glycoside enzyme genes, and 
genotype F, A, and B were  
still the dominant genotypes 
(17/25, Table 4). Strains car-
rying the genes encoding 
β-lactamase were pan-drug 
resistant, while the number of 
positive strains of class D  
carbapenemase OXA-23 was 
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Discussion

A. baumannii is one of the most common 
pathogens in hospital, which caused a variety 
of hospital infection including respiratory tract 
infection, sepsis, traumatic wound infection, 
meningitis, urinary tract infection and abdomi-
nal infection. In our study, a total of 47 sensi-
tive strains and 80 multi-drug resistant strains 
were collected from the ICUs and department 
of respiratory medicine. We speculate that A. 
baumannii is the major cause for the respira-
tory infection in our hospital as most of the 
samples were obtained from sputum. Thirty-
four strains were collected from the ICUs, while 
20 strains were screened from the department 
of respiration. This might be related with the 
serious chronic diseases and the frequent 
application of broad-spectrum antibiotics, as 
well as long-term ventilator auxiliary breathing. 
The same results is also found in Ghanshani et 
al study [8]. They concluded that respiratory 
infections were the most common in a medical 
ICUs in India and the most prevalent gram-neg-
ative bacteria was A.baumannii.

After further analysis of the resistance of the 
strains, 80 multi-drug resistant A. baumunnii 
strains showed the lowest resistant rate when 
exposure to SCL (36.3%), but the mediation 
strains were up to 30. Which hinted that the 
sensitive strains was possible apt to converted 
to the resistant strains. Also, a resistant rate of 
85.0% and 75.0% was observed when the 
strains were exposed to imipenem and merope-
nem, respectively. In a previous report, Yang et 
al [9] reported that the 45.5% resistant rate e 
of SCL and 61.9% of SCL. MEM was noticed 
according to the 44 isolates data mentioned in 
the University and the First People’s Hospital of 

ing protein (PBP) of the bacteria [10]. In addi-
tion, a satisfactory antibacterial activity was 
reported for sulbactam to partial of A bauman-
nii which were resistant to carbapenemase 
antibiotics [11-13]. This compound of sulbac-
tam in combination with either ampicillin or 
cefoperazone. The activity of the partner antibi-
otic against beta-lactamase-producing bacte-
ria was restored. Sulbactam combinations de- 
monstrated no strong selective pressures for 
extended-spectrum beta-lactamase-producing 
bacteria. In addition, sulbactam induce no 
class I (AmpC) chromosomal beta-lactamases 
[14]. These above showed cefoperazone/sul-
bactam was one of the effective drugs to treat-
ing infection of A. baumannii. While multi-drug 
resistant strains showed a higher resistant rate 
of situation of resistance was very serious in 
clinical isolated multi-drug resistant Acineto- 
bacter. Therefore, it is necessary to analyze the 
homology of resistant strains and exploring the 
mechanisms of resistance. This would contrib-
ute to early detection and prevention of epi-
demic infection, as well as the application of 
drugs in clinical practices. 

As is known to all, RAPD has been frequently 
applied in molecular diagnosis in hospital infec-
tion as it shows characteristics including high 
sensitivity and specificity, and easy to perform 
[15]. Research showed bacterial resistance 
was affected by a series of hereditary factors 
and instability. Currently, RAPD has been con-
sidered as an effective method than spectrum 
of resistance in determination of bacterial 
sources [16, 17]. In our study, using RAPD as 
previously described by Kocleman et al [7], a 
total of 127 A. baumannii strains were classi-
fied into 17 genotypes, among which E geno-
type was the advantage strain (53 isolations) 

Figure 2. The distribution of genotypes in 47 sensitive and 80 multi-drug 
resistance strains A. Baumannii.

Zhengjiang, China. Addition- 
ally, Ghanshani et al [8] re- 
ported that the similar rates 
of IMP and MEM was noticed 
according to the data men-
tioned in ICU wards. For the- 
se differences, we speculated 
that it is mainly due to differ-
ing sample collection date, 
amount of strains and source 
of collection. Studies show- 
ed sulbactam had an intrinsic 
antibacterial activity to A. bau- 
mannii through inhibiting or 
inactivate the penicillin bind-
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and were mainly isolated from multi-drug resis-
tant strains (46 isolations). Among these str- 
ains, a prevalence of 41.5% was noticed in 
ICUs, while the remaining strains were collect-

ed from department of respiratory medicine 
department of neurosurgery and et al. The clini-
cal data indicated that specimens carrying E 
genotypes strains were collected continuously 

Figure 3. Agarose gel electrophoresis analysis of RAPD genotype of A. baumannii. A: RAPD of partial genotype. 1-13: 
A-M type; B: RAPD of partical clinically isolated strains. and 1, 3, 4, 7-11 were Etype; M: DNA Marker DL2000.

Figure 4. Agarose gel electrophoresis analysis of the armA gene and TEM-1 gene. A: Electrophoresis of armA gene. 
1-5: armA positive strains; 6: armA negative strains. B: Electrophoresis of TEM-1 gene. 1-5: TEM-1 positive strains; 
6: TEM-1 negative strains; M: DNA Marker I.

Table 5. The comparison of phenotype, genotype and resistance genes of A. baumannii carrying D 
class carbapenemases
Antibiotics PCR results Multi-drug resistent (n=80) Sensitive (n=47)
IMP MEM OXA-23 OXA-24 Strains (%) Genotype Strains (%) Genotype
R R + + 47 (58.8%) C3*, D2, E38, P1, L2, M1 / /

- + 1 (1.3%) I1 / /
+ - 19 (23.8%) A6, E4, F1, J2, K1, M2, N2, G1 / /
- - 4 (5.0%) E2, F2 / /

S S + - 4 (5.0%) B1, E2, P1 11 (23.4%) C1, D2, E4, F1, M1, N1, K1

- + 2 (2.5%) I1, E1 11 (23.4%) A1, B2, E2, F5, H1

+ - / / 2 (4.3%) B1, I1

- - 3 (3.8%) A1, D1, O1 23 (48.9%) A5, B3, C2, E1, F3, J5, H, N1, O1, Q1

Asterisk was the strains of each genotype. R was resistan to antibiotics, and S was sensitive to antibiotics.
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at the same period and were transferred from 
other departments. Various genotypes of A. 
baumannii were distributed unevenly in sensi-
tive strains. All these results suggested the 
spread of a certain cloned strain within and 
among wards might be the main reason of ris-
ing detection rates and strains with increased 
multi-drug resistant A. baumannii in our hospi-
tal. Also, the effects of genetic mutations 
induced by abuse of drugs should not be 
neglected.

In this study, we compared and the resistant 
genes between multi-drug resistant strains and 
sensitive A. baumannii strains. Nowadays, 
increasing rates of drug resistance among bac-
teria are a major concern worldwide. The most 
common mechanisms of resistance is the pro-
duction of β-lactamases, including enzymes of 
Ambler classes A, B, C and D, with the corre-
sponding genes often being associated with 
mobile genetic elements such as plasmids [18, 
19]. In the present study, our results suggested 
the positive rate of carrying this 4 resistant 
genes types of multi-drug resistant strains was 
obviously higher than the sensitive strains, par-
ticularly TEM-1, AmpC and OXA-23 have higher 
positive rate, value were 97.5%, 90.0% and 
88.8%, respectively, and the significant differ-
ence in TEM-1 was a B type carbapenemase, 
Krizova L et al [20] reported TEM-1 represents 
a clinically relevant mechanism of sulbactam 
resistance in A. baumannii. while OXA-23 was 
D type carbapenemase, from the 1980s on- 
wards, which could mainly induce IPM resis-
tance [21, 22]. Our results showed the positive 
rates of TEM-1 and OXA-23 were higher, on the 
one hand indicating these two types of enzymes 
were also the major genotypes of imipenem-
resistant A. baumannii in our hospital. On the 
another hands, these interpreted the reason of 
the high carrying rates is high rate existence of 
the sulbactam and IMP resistance strains The 
results presented suggest TEM-1 is evaluated 
more and more important influence for the  
carbapenems-resistant A. baumannii. AmpC 
enzyme overexpression may contribute to the 
strong resistance to penicillins and cephalo-
sporins (generation III). Besides, it shows hydro-
lysis to the cefoxitin, but its hydrolysis to imipe-
nem is comparatively lower. The AmpC enzyme 
was coded by chromosome genome, over-
expressing result of bacteria drug resistance by 
producing strong hydrolysis to penicillin and the 
third generation of cephalosporins. However, 

its hydrolysis to imipenem was comparatively 
weak. In our study, AmpC gene was detected in 
95 strains. As previous study indicated that 
AmpC enzyme was a non-inducing enzyme [23], 
it is difficulty to control its clinical infection. 
Therefore, more attention should be paid to the 
prevention and control of AmpC infection in 
clinical practices. Aminoglycosides, possess in 
vitro activity against Gram-negative bacillus, 
has been commonly used to treat serious infec-
tions caused by Acinetobacter spp. To our 
knowledge, several pathways have been report-
ed to be associated with the bacterial resis-
tance to aminoglycosides, including modula-
tion of aminoglycoside-modifying enzymes, 
mutation of action target both of 16S rRNA 
gene methylase and aminoglycoside-modifying 
enzymes (AAC, ANT, APH) [24]. Aminoglycoside-
modifying enzymes could be divided into three 
categories according to their functions, includ-
ing studies had proved the resistance to amino-
glycosides in Acinetobacter spp. can develop 
by enzymatic modification, impermeability, or 
MexXY (also referred to as AmrAB) efflux 
pumps. Additionally, different aminoglycoside 
drugs could be modified by the same enzyme 
[25, 26]. Therefore, entirely crossing resistance 
was not observed among different aminoglyco-
side drugs. In our study, aac(3)-I, aac(6’)-I, 
ant(3’’)-I and armA were simultaneously detect-
ed in A. baumannii strains derived from our 
hospital. Meanwhile, a high carrying rate of 
aminoglycoside enzyme genes is the main  
reason of acinetobacter resistance to aminog- 
lycosides.

Considering results of genotypes and pheno-
types, the results showed even the strains with 
the same genotype showed various resistant 
phenotypes. For example, E, F, A genotypes not 
only possessed sensitive strains but also MDR 
and even PDR strains. However, F genotype 
were apt to sensitive strains, while those with E 
and A genotypes trended to resistant strains, 
our studies also revealed the susceptibility of 
the same genotype of A. baumannii showed 
significant difference in different clinical de- 
partments. A. baumannii with A genotype sh- 
owed total resistance to the drugs used in the 
departments of orthopedics and respiratory 
medicine. Nevertheless, they were sensitive in 
aged care wards, department of pediatrics and 
cardiovasular surgery. The reason may be relat-
ed to different antibiotic selection pressure in 
different individuals, which could make these 
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strains to start some resistant mechanism for 
adapting to the environment change actively, 
then the phenotypic changed following. This 
was, Similarly, several genotypes were detect-
ed in the same kind of sensitive strains. For 
instance, 14 kinds of genotypes were noticed 
in total sensitive strains with scattered distribu-
tion. We speculated that total sensitive strains 
were suitable to compare the sensitivity and 
specificity due to the fact that they were not 
affected by the pressure of antibiotics or bad 
living environment. Thus, little mutation was 
noticed when compared with primitive strains. 
Further analysis indicated aminoglycoside 
genes including aac(3)-I, aac(6’)-I, ant(3”)-I and 
armA were positive (27.5%), which were resis-
tant to amikacin and gentamicin. The strains 
obtained all detected β-lactamase genes were 
total resistant strains. The genes of these 
enzymes might be included on bacterial chro-
mosome or acquired by exchanging plasmid. 
Moreover, the number of OXA-23 carrying str- 
ains was obviously higher than that of OXA-24. 
The resistant rates to IMP and MEM was up to 
82.5%, while the sensitive rate of the negative 
strains was 72.3% to IMP and MEM. All these 
indicated OXA-23 played an important role in 
the resistance of A. baumannii to imipenem. To 
date, IMP has been considered as a metal car-
bapenemase, which was resistant to carbapen-
emase antibiotics and whole lactamase antibi-
otics including aminoglycoside antibiotics. In 
our study, 2 positive strains with IMP genes 
were sensitive strains, while the rest were 
multi-drug resistant strains.

In conclusion, the relationship between multi-
drug resistant strains and genome was investi-
gated through contrast analysis of phenotypes, 
genotypes and resistant genes of the clinically 
isolated acinetobacter. We found a broad resis-
tance spectrum and a high drug resistance rate 
were showed in multi-drug resistance strains 
isolated from the teaching hospital, which har-
boring many kinds of β-lactamase genes and 
aminoglycosides genes with a high separation 
rate. There is a direct relationship between the 
carrying of resistance genes and the corre-
sponding drug resistance. Also, the same clone 
of multiple drug-resistant strains may transmit 
within and among wards. On this basis, we wish 
to establish a method to identify and forecast 
the occurrence of multi-drug resistant acineto-
bacter and the evolution of resistance.
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