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Abstract

Introduction. Colonization by carbapenem- resistant Acinetobacter baumannii (CRAB) causes therapeutic and economic prob-
lems for critically ill patients.

Gap Statement. The analysis of CRAB in China was limited to certain regions.

Aims. To investigate the antibiotic susceptibility, molecular characterization and clonal relationship among CRAB isolates from 
multiple hospitals of eastern China.

Methodology. Isolates from 29 tertiary hospitals from September 2015 to September 2018 were recovered. All strains were 
analysed using antimicrobial susceptibility testing to detect their tolerance. PCR was also used to detect multiple β-lactamase 
genes. After multilocus sequence typing (MLST) of seven house- keeping genes. eBURST was used to assess clonal complexes 
and explore evolutionary relationships.

Results. All isolates showed resistance to carbapenems, while remaining susceptible to colistin and tigecycline. All isolates 
were detected with bla

OXA- 51
 gene by PCR, and 80.1 % harboured the bla

OXA- 23
 gene. The prevalence of bla

OXA- 23
 gene was remark-

ably increased from 50.7 % in 2015 to 90.5 % in 2018. Other genes such as bla
OXA- 24

, bla
OXA- 58

, bla
IMP- 2/4

, bla
VIM- 2

, bla
SHV

, bla
AmpC

 and 
bla

TEM
 were also obtained. While bla

KPC
, bla

NDM- 1
, bla

IMP- 4
 and bla

SIM- 1
 were not found in these strains. MLST showed all isolates 

could be divided into 26 known sequence types (STs) and ten novel STs and 47.2 % isolates belong to ST195 and ST208. eBURST 
revealed clonal complex 92 as the major clonal complex (98.4 %), which includes 88.5 % (23/26) of known STs and 80 % (8/10) 
of unknown STs. Phylogenetic analysis also found that almost all CRAB isolates could cluster into one lineage, suggesting an 
epidemic of this CRAB lineage. This indicated severe nosocomial infections of CRAB in multiple hospitals of eastern China.

Conclusion. An outbreak of ST195 and ST208 CRAB- resistant clones with bla
OXA- 23

 gene might be happening in multiple hospi-
tals in eastern China.

INTRODUCTION
Acinetobater baumannii is recognized as a significant opportunistic Gram- negative pathogen, responsible for a broad series of 
nosocomial infections, including ventilator- associated pneumonia, meningitis, and urinary tract and central nervous system 
infection [1]. Multidrug- resistant (MDR) A. baumannii are common in these infected patients, who often require intensive care 
and experience higher morbidity and mortality rates [2]. Carbapenems are taken as the frontline treatment for MDR A. baumannii 
infections, due to their excellent antibacterial activities and limited side effects. However, the appearance of carbapenem- resistant 
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A. Baumannii (CRAB) currently has become a global concern [3, 4]. For instance, the SENTRY Antimicrobial Surveillance 
Program, involving seven countries in Latin America, revealed that the number of CRAB infections among hospitalized patients 
increased from 22.8 % in 1997 to 85.6 % in 2016 [5]. In 2017, CRAB was listed as one of the most critical pathogens with the 
highest priority in new antibiotic development by the World Health Organization [6].

CRAB is mediated by several coexisting mechanisms, among which, β-lactamase enzymes remain the most important resist-
ance mechanism [7]. According to sequence motifs and differences in hydrolytic mechanism, there are four different types of 
β-lactamase enzymes, including the Ambler class A β-lactamase (blaGES, blaTEM, blaSHV, blaCTX- M, blaPER, blaVEB and blaKPC), Ambler 
class B or metallo- beta- lactamases (blaIMP, blaVIM, blaSIM and blaNDM), Ambler class C chromosomal AmpC- type β-lactamases 
(blaADC), and Ambler class D beta- lactamases or oxicillinases (blaOXA- 51, blaOXA- 23, blaOXA- 24, blaOXA- 58, blaOXA- 143 and blaOXA- 235) [8, 9]. 
Although the population structure of A. baumannii strains is quite diverse, there seems to be a clonal spread of a few epidemic 
lineages that predominate over the rest [10]. Particularly, the clonal complex 92 (CC92, Oxford scheme) and clonal complex 
109 (CC109, Oxford scheme), which occupy the largest A. baumannii infections worldwide and are frequently accompanied by 
various kinds of β-lactamase- encoding genes [11].

Nosocomial outbreaks of CRAB have been reported worldwide. Molecular epidemiological research of A. baumannii revealed that 
CC92 plays a pivotal role in nosocomial infection outbreaks [12]. In China, previous studies also reported CC92 as the main clonal 
complex in many hospitals, which usually carries endemic carbapenemase genes and insertion sequences, such as OXA- 23 and 
Tn2008 [13]. However, the samples of these studies were limited to certain regions. A more detailed analysis using more samples 
of multiple centres in China is needed. Large- array phylogenomic and phenotypic analysis were currently applied to investigate 
the genome of A. baumannii, providing valuable insights into the adaptation and evolution of A. Baumannii [14, 15]. In this 
study, a total of 443 clinical strains of CRAB from 29 hospitals of eastern China were collected and analysed using large- array 
phylogenomic and phenotypic methods. We aimed to analyse the phenotypic resistance patterns of CRAB and gain insights into 
the mechanism of carbapenem resistance. The epidemic spectrum of CRAB in eastern China was drawn.

METHODS
Identification of bacterial isolates and strains
A total of 443 clinical strains of CRAB from 29 tertiary care hospitals of eastern China between September 2015 and September 
2018 were collected and analysed in this study. Each of the strains were isolated from different patients, and were identified by 
API 20NE (BioMérieux, Marcy- l’Étoile, France), and gyrB multiplex PCR of blaOXA- 51 genes [16, 17].

Antimicrobial susceptibility and resistant genes
Antimicrobial susceptibility was tested by the agar dilution method in accordance to the Clinical and Laboratory Standards 
Institute (CLSI) guidelines. The tested antimicrobials included imipenem, meropenem, amikacin, gentamicin, ciprofloxacin, 
levofloxacin, gatifloxacin, minocycline [18]. Susceptibility of cefoperazone/sulbactam, tigecycline and colistin were also assessed 
by the broth microdilution method. Because of the absence of breakpoint for sulbactam, this analysis is based on ampicillin/
sulbactam breakpoint (defined sulbactam susceptibility ≤4 mg l−1, intermediate susceptibility=8 mg l−1 and resistance ≥16 mg l−1) for 
Acinetobacter spp., then the breakpoints for cefoperazone/sulbactam would be defined as (susceptibility ≤16/4 mg l−1, intermediate 
susceptibility=32/8 mg l−1 and resistance ≥64/16 mg l−1) [19–21]. Tigecycline non- susceptibility was defined as at least 4 mg l−1, 
according to the recommendations of the US Food and Drug Administration (FDA) for tigecycline susceptibility breakpoints of 
Enterobacteriaceae criteria (susceptible ≤2 mg l−1, resistant ≥ 8 mg l−1) [22, 23]. Colistin resistance was as recommended by CLSI 
breakpoints [18]. Escherichia coli ATCC25922 and Pseudomonas aeruginosa ATCC27853 were used as controls. All experiments 
were repeated three times.

Resistant genes were amplified by PCR, including 10 β-lactamases encoding genes (blaTEM, blaSHV, blaKPC, blaNDM- 1, blaSIM- 1, blaIMP- 2,4, 
blaVIM- 2, blaOXA- 23, blaOXA- 24, blaOXA- 51 and blaOXA- 58) and AmpC β-lactamases encoding gene blaADC [24–29]. Agarose gel electropho-
resis was applied to detect the PCR products. The primers of PCR were shown in Table 1.

Molecular typing by MLST and eBURST analysis
House- keeping genes, including gltA, gyrB, gdhB, recA, cpn60, gpi and rpoD (https://pubmlst.org/primers-used-mlst-acineto-
bacter-baumannii-complex-oxford-scheme) were also sequenced after PCR. MLST was used to characterize the population 
structure of A. baumannii using the sequenced house- keeping genes [30]. All sequencing data were submitted to the PubMLST 
database (https://pubmlst.org/abaumannii/).

eBURST (version 3.0) was used to analyse clusters of related STs [31]. A clonal complex includes a founding ST as a common 
ancestor and several other closely related STs descended from the predicted founding genotype. The default calculation of the 
bootstrap value (1000 resamples) is used to estimate the confidence of the predicted founder of a CC.

https://pubmlst.org/primers-used-mlst-acinetobacter-baumannii-complex-oxford-scheme
https://pubmlst.org/primers-used-mlst-acinetobacter-baumannii-complex-oxford-scheme
https://pubmlst.org/abaumannii/
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Phylogenetic analysis
SeqKit v0.80 and DNAstar v7.1.0 were used to analyse the sequence data. The seven house- keeping gene sequences were aligned 
using mafft (version 7) [32]. The phylogenetic tree was inferred using the maximum- likelihood method implemented in iqtree 
with parameters’-mp –bb 1000’ to determine the best- fit model of nucleotide substitution and to bootstrap 1000 times [33]. The 
output newick file was visualized in iTOL [34].

RESULTS
Bacterial isolates
A total of 443 CRAB isolates were recovered from patients from 29 tertiary referral hospitals, of whom 289 (65.2 %) were male 
and 154 (34.8 %) were female. Most patients were elderly, including 220 patients aged from 61 to 97 and 160 aged from 51 to 60. 
These isolates were collected from samples, including sputum (349), wound secretion (42), blood (15), cerebrospinal fluid (14), 
urine (12) and drainage fluid (12). The majority of the isolates were from intensive care unit (ICU) ward (213) and surgical ward 
(115), followed by medical ward (76), cancer ward (32), and paediatric ward (7). The baseline of the patients shown in Table 2.

Table 1. The PCR primers of each gene used in this study

Primers Sequences (5'−3') Length

blaTEM F- ATGAGTATTCAACATTTCCGTG 47

R- TTACCAATGCTTAATCAGTGAG

blaSHV F- AAGATCCACTATCGCCAGCAG 47

R- ATTCAGTTCCGTTTCCCAGCGG

blaKPC F- CGTCTAGTTCTGCTGTCTTG 26

R- CTTGTCATCCTTGTTAGGCG

AmpC F- ACAGAGGAGCTAATCATGCG 47

R- GTTCTTTTAAACCATATACC

blaOXA- 23 F- GAT CGGATTGGAGAACCAGA 27

R- ATTTCTGACCGCATT TCCAT

blaOXA- 24 F- GGTTAGTTGGCC CCCTTAAA 27

R- AGTTGAGCGAAAAGGGGATT

blaOXA- 51 F- TAATGC TTTGATCGGCCTTG 27

R- TGGATTGCACTTCATCTTGG

blaOXA- 58 F- AAGTATTGGGGCTTGTGCTG 27

R- CCCCTCTGCGCTCTACATAC

blaIMP- 4 F- ATC CAAGCAGCAAGC GCGTTA 45

R- AGGCGTGCTGCTGCAACGACTTGT

blaIMP- 2 F- CATGGTTTGGTGGTTCTTGT 46

R- ATAATTTGGCGGACTTTGGC

blaVIM- 2 F- ATGTTCAAACTTTTGAGTAAG 46

R- CTACTCAACGACTGAGCG

blaSIM- 1 F- TACAAGGGATTCGGCATCG 46

R- TAATGGCCTGTTCCCATGTG

blaNDM- 1 F- GGTTTGGCGATCTGGTTTTC 48

R- CGGAATGGCTCATCACGATC
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Antimicrobial susceptibility
Antimicrobial susceptibility tests revealed a high rate of antimicrobial resistance to the most antibiotics tested in this study 
(Table 3). CRAB isolates were then selected for further analysis, showing the resistance rates of imipenem and meropenem as 
high as 100 %. Meanwhile, the rates of susceptibility to minocycline and levofloxacin were 45 and 29.46 %, respectively. Tigecycline 
retained excellent activity against isolates, with a susceptibility rate of 90.47 %. More than 99 % of the CRAB isolates were highly 
susceptible to colistin.

Analysis of Carbapenem-resistant genes
In this study, all isolates were detected with blaOXA- 51 gene by PCR, 80.1 % isolates were found carrying the blaOXA- 23 gene. The 
prevalence of the blaOXA- 23 gene in the isolates was remarkably increased from 50.7 % in 2015 to 90.5 % in 2018. In addition, there 
were four (0.9 %) strains with blaOXA24, six (1.4 %) with blaOXA58, nine (2.1 %) strains with blaIMP- 2, five (1.2 %) strains with blaVIM- 2, 
48 (10.9 %) with blaSHV and 410 (92.5 %) with blaADC. Among them, 204 (46.1 %) CRAB strains harboured more than four different 
resistant genes. The detailed detected results of each isolate were shown in Table S1, available with the online version of this article.

MLST
All the isolates fell into 36 STs based on PubMLST database (https://pubmlst.org/abaumannii/), including 26 existing STs and 10 
novel STs (Fig. 1). ST195 was the most dominant ST type (31.6 %) in this study, followed by ST208 (69), ST540 (59), ST369 (59), 
ST368 (25), ST191 (18), ST547 (11), ST469 (9), ST1791 (9), ST1451 (7), ST381 (4), ST705 (3), ST136 (2), ST801 (2), ST784 (2), 
ST1967 (2), ST436 (1), ST620 (1), ST1295 (1), ST75 (1), ST193 (1), ST138 (1), ST218 (1), ST373 (1), ST1779 (1) and ST1472 (1). 
The novel STs comprised 12 isolates, which belonged to unreported STs: three isolates belonged to N- ST4. All other N- ST types 
contained only one isolate. The sequence data of this study were submitted to the GenBank database.

Table 2. Clinical characteristics of 443 patients with Carbapenem- resistant Acinetobacter baumannii (CRAB)

Gender Total no. Source Total no. Department Total no.

Male 286 (65.2 %) Sputum 348 (78.5 %) Intensive care unit 213 (48.1 %)

Female 154 (34.8 %) Wound secretion 42 (9.5 %) Surgical ward 115 (25.9 %)

Age (years) Total no. Blood 15 (3.4 %) Medical ward 76 (17.2 %)

0–20 20 (4.5 %) Cerebrospinal fluid 14 (3.2 %) Cancer ward 32 (7.2 %)

21–50 43 (9.7 %) Urine 12 (2.7 %) Paediatric ward 7 (1.6 %)

51–60 160 (36.1 %) Drainage fluid 12 (2.7 %)

61–97 220 (49.7 %)

Table 3. Susceptibility analyses of 443 A. baumannii in this research

Antimicrobial agents Antibiotic susceptibility (%) MIC (μg/ml)

S I R S I R

imipenem 0 0 100 ≤2 4 ≥8

meropenem 0 0 100 ≤2 4 ≥8

amikacin 11.24 2.26 86.5 ≤16 32 ≥64

gentamicin 1.62 2.52 95.86 ≤4 8 ≥16

ciprofloxacin 2.26 1.13 96.61 ≤1 2 ≥4

levofloxacin 10.81 18.65 70.54 ≤2 4 ≥8

gatifloxacin 10.42 3.58 86 ≤2 4 ≥8

minocycline 39.62 5.38 55 ≤4 8 ≥16

Cefoperazone/sulbactam 30.16 13.52 56.32 ≤16/4 32/8 ≥64/16

tigecycline 90.47 – 9.53 ≤2 – ≥8

colistin 99.22 – 0.78 ≤2 – ≥4

https://pubmlst.org/abaumannii/
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eBURST analysis
The dominance of ST195 and ST208 remained unchanged over the 4- year study period (Fig. 1). However, the proportion dropped 
from 56.52 % in 2015 to 40.22 % in 2016, and then increased to 42.8 % in 2018. ST369 was isolated from six strains (14.29 %) 
in 2015, while the number increased to 29 strains (29.9 %) in 2016, and then fell to 13 strains (7.1 %) in 2018. In addition, only 
three strains (7.14 %) of ST540s were isolated in 2015, and the number gradually increased to 36 strains (19.7 %) by 2018. The 
ST populations ranged every year, with some subtypes decreasing or transforming into other subtypes. For example, the ST368 
require only a single change to transform into ST1791. The appearance of ST1791 and the disappearance of ST368 in 2018 might 
indicate a ST transforming between the two STs (Fig. 1a- d).

eBURST was used to divide the MLST data in this study into multiple groups. The evolutionary patterns among the descendants 
of different STs shown in Fig. 2. In this study, 88.5 % (23/26) of known STs and 80 % (8/10) of unknown STs were clustered in 
CC92, which is one of the most common clonal complexes of CRAB in the world.

Phylogenetic analysis
Compared with eBURST, phylogenetic analysis can reveal evolutionary relationships among groups or singletons that eBURST 
could not find. Phylogenetic analysis of A. baumannii showed that all the strains could be classified to seven clusters (Fig. 3 and 
Table S1). A total of 150 strains (33.9 %) were clustered into cluster 1. The STs of this cluster included ST195, ST136, ST381, 

Fig. 1. Distribution of STs in different years: (a) distribution of STs in 2015; (b) distribution of STs in 2016; (c) distribution of STs in 2017; (d) distribution 
of STs in 2018.
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ST138 and N- ST4. A total of 129 strains (29.2 %) were clustered into cluster 3. The isolates belonged to six known STs (ST208, 
ST191, ST368, ST547, ST784 and ST1295) and two novel STs (N- ST1 and N- ST7). There were also 62, 59, 25, 13 and 5 isolates 
clustered into cluster 2, cluster 7, cluster 5, cluster 6 and cluster 4, respectively. Interesting, the dominant STs (ST195 and ST208) 
were divided into two different clusters, which were also the main clusters in this study.

DISCUSSION
CRAB is a hazardous nosocomial pathogen causing infection with relatively high morbidity and mortality, which gives rise to a 
sizeable health threat and economic burden [1, 35–37]. Hospital settings play a vital role as storage points for the transmission 
of CRAB and may become the propagation source for emerging epidemics under certain circumstances [38]. This study assessed 
the genetic characterization of hospital- acquired CRAB and the dissemination of CC92 in multiple hospitals across eastern China 
over a 4- year period.

Fig. 2. A. baumannii STs analysed by eBURST. (a) Relationships among the 36 STs in this study, each node represents an ST, and the size of a node 
represents different numbers of isolates. (b) All of the clonal complexes were found in this study. The red circle indicates the original primary founder, 
and the yellow node indicated the founder of the subgroups extended by the original primary founder. Relationships among STs are indicated with 
solid lines.
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Inpatients with invasive procedures and long hospital stays are most vulnerable to CRAB infections [39]. This study showed 
that most of the patients were elderly male patients with low immunity and long hospital stays. In addition, CRAB isolates can 
cause a wide range of infections, including pulmonary infection, wound infection, bloodstream infection, urinary tract infection 
and so on. What caught our attention was that almost all patients had suffered multiple diseases at the same time. The most 
common infections in this study were pulmonary infections, including pneumonia and respiratory failure. This is consistent 
with previous studies showing that CRAB infection is often associated with pneumonia [40, 41]. With regard to our resistance 
profiles, all of the isolates were characterized with carbapenem resistance, of which 250 (56.32 %) were resistant to cefoperazone/
sulbactam, and 244 (55 %) were resistant to minocycline (Table 3). Though 90.47 % of the research isolates remained susceptible 
to tigecycline and colistin. The presence of tigecycline and colistin- resistant isolates is of great concern. They are not sensitive to 
known commercially available drugs, and infections caused by these isolates are tough to treat. These CRAB may further cause 
considerable infection control issues [42].

Oxacillinases are kind of β-lactamases with potent carbapenemase activity and are frequent in A. baumannii isolates [7]. In our 
study, 80.1 % of the strains harboured blaOXA- 23, and 100 % harboured the blaOXA- 51 gene. This is analogous to previous findings 
that blaOXA- 23 was the most widely distributed gene, while blaOXA- 51 was a natural resistant gene [43]. It is worth noting that the 
blaOXA- 23 gene can either be located on the chromosome or on plasmids. Different isolates can get carbapenem resistance through 
horizontal gene transfer [10]. blaOXA24/58 β-lactamase was first identified on plasmids of A. baumannii in the early 2000s, from an 
outbreak in Europe [44, 45]. Here, we also detected the blaOXA24/58 gene in CRAB from eastern China, indicating its wide spread 
in the world. Though only 2.3 % of our isolates contained blaOXA24/58 genes, the distribution of these genes should be monitored 
immediately [7, 10]. Compared with class D β-lactamases (CHDLs), metallo-β-lactamases (MBLs) can catalyse the hydrolysis 
of virtually all β-lactamases (including carbapenems), conferring high levels of carbapenem resistance in A. baumannii. Four 

Fig. 3. Phylogenetic tree of A. baumannii isolated from clinical strains. All the strains were classified into seven clusters. A total of 150 strains classified 
into ST195, ST136, ST381, ST138 and N- ST4 were clustered into cluster 1. A total of 129 strains (29.2%) were clustered into cluster 3. The isolates 
belonged to six known STs (ST208, ST191, ST368, ST547, ST784 and ST1295) and two novel STs (n- st1 and n- st7). There were also 62, 59, 25, 13 and 
5 isolates clustered into cluster 2, cluster 7, cluster 5, cluster 6 and cluster 4, respectively.
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groups of these enzymes have been described in A. baumannii, including blaIMP- like, blaSIM- 1, blaNDM- like and blaVIM- like carbapenemase 
[7, 40]. In this study, we found that only 2.1 % of the isolates carried blaVIM- 2, and 1.2 % of the isolates carried blaIMP- 2. No blaKPC, 
blaIMP- 4, blaSIM- 1 or blaNDM- 1 encoding genes were detected.

blaTEM is an extended- spectrum β-lactamase (ESBL) gene of A. baumannii [46]. In this study, blaTEM was detected in 63.6 % of 
CRAB isolates. Of these blaTEM strains, 56.3 % were resistant to sulbactam. This was consistent with previous reports that blaTEM- 1 
as a common narrow- spectrum β-lactamases gene had the ability to resist sulbactam in CRAB strains [47]. We also found 10.9 % 
CRAB isolates of this study carried blaSHV, which is also an extended- spectrum β-lactamase gene, which confirmed with the 
previous findings. In addition, 92.5 % of the isolates also had chromosomally encoded AmpC. Previous studies also detected most 
CRAB isolates (84.0 and 90.2 %) carried AmpC. It is worth noting that a high proportion of CRAB isolates were identified with 
more than one ESBL gene in China in this study as well as previous articles, indicating ESBLs, AmpC, and some other resistance 
genes (such as MBLs) might co- mediate the multi- drug resistance of CRAB isolates in China.

There were also some isolates with carbapenem resistance but without related genes detected by PCR. This might be due to the 
simultaneous presence of other resistance mechanisms. For example, it is possible that they may carry class A/C β-lactamase 
resistance genes and other resistance mechanism factors, such as outer- membrane protein mutations, increased expression of 
efflux pumps, and penicillin- binding proteins' modification [7, 10, 41].

There have been numerous reports of CRAB clonal outbreaks, mainly associated with international clonal lineages I–III [48]. In 
the Pasteur/Oxford MLST scheme, most outbreak strains belong to CC1/CC109 and CC2/CC92, corresponding to international 
clonal lineages I and II, respectively. CC92 is a widely disseminated variant with advantages in acquiring resistance determinants 
and survival in the nosocomial environment [49]. So far, more than 398 STs have been found in CC92. In this study, we also found 
that 98.4 % of the 443 isolates from 88.5 % (23/26) of known STs and 80 % (8/10) of unknown STs were clustered in CC92. As the 
ancestry and the most common ST of CC92, ST92 has been reported in many countries, including China. However, we did not 
detect any ST92 in this study. Instead, ST195 and ST208 were the most prevalent STs from multiple hospitals in eastern China, 
indicating an outbreak of ST195 and ST208 instead of ST92 in eastern China. Of note, our result showed that 80.1 % of CRAB 
carried the blaOXA- 23 gene. Particularly ST368, ST208 and ST369 isolates, the content of the blaOXA23 gene could reach 100 %. We 
speculate that CC92 strains carrying the OXA- 23 gene are the most common strains in eastern China.

Notably, four isolates of ST195 and ST208 were detected carrying the blaOXA- 24 gene from ICU patients of three nearby tertiary- care 
hospitals in 2016, 2017 and 2018. Similarly, we also found the OXA- 58 gene in six N- ST and ST195 isolates from ICU patients 
of one tertiary hospital. OXA- 58 gene has been isolated in Greece, Italy, Lebanon, Turkey, Brazil and Vietnam [48]. The appear-
ance of these isolates with high resistance to meropenem and imipenem in eastern China reminded us to prevent their further 
outbreaks. An instant monitoring is needed.

Previous studies showed CRAB isolates carrying the blaOXA- 23 gene from Pakistan and tertiary- care hospitals were dominated by 
single lineage [48, 50]. Phylogenetic analysis of our study also showed 63.0 % of strains clustered into two clusters, indicating the 
dominance of these isolates. Interesting, the dominance of ST195 and ST208, which fell into these two clusters, also remained 
unchanged over the 4- year study period. There seems to be a clonal spread of a few epidemic lineages that predominate over the 
rest. The rest strains (57.0 %) clustered into five other clusters. The percentages of strains in each cluster ranged from 1.1–14.0 %, 
indicating heterogeneity. The majority of CRAB isolates belong to a few lineages, while sporadic strains coexist with epidemic 
ones. This suggested an outbreak of CRAB from a few lineages happened in multiple hospitals in eastern China. Clinicians should 
pay more attention to the management of patients, especially for patients with prolonged duration of mechanical ventilation 
support, longer hospitalization or ICU stay, higher exposure to infected or colonized patients in an adjacent hospital setting, 
greater number of interventions, receipt of transfusion of blood products, greater disease severity as measured by a relevant 
scoring system and use of broad- spectrum antimicrobial agents.

Conclusions
In this study, we analysed the antibiotic susceptibility and molecular characterization of CRAB isolates from 29 tertiary hospitals 
across eastern China over a 4- year period. All strains had high resistance phenotypes, CC92 strains of CRAB carrying the blaOXA- 23 
gene are popular in eastern China. Phylogenetic analysis also found that almost all CRAB isolates could cluster into one lineage, 
suggesting an outbreak of CRAB from a single lineage in multiple hospitals in eastern China. Also, we should pay attention to 
the prevalence of other clonal lineage strains carrying β-lactamase genes such as blaOXA- 58, blaOXA- 24. Implementation of effective 
measures is highly essential to prevent further spreading of CRAB.

GenBank accession numbers for the new sequence data of A. baumannii isolates were shown in the following table:
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