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Abstract
Background The wide spread of carbapenem-resistance clones of Acinetobacter baumannii has made it a global 
public problem. Some studies have shown that the prevalence of Acinetobacter baumannii clones can change over 
time. However, few studies with respect to the change of epidemiological clones in Acinetobacter baumannii during 
Corona Virus Disease 2019 (COVID-19) were reported. This study aims to investigate the molecular epidemiology and 
resistance mechanisms of Acinetobacter baumannii during COVID-19.

Results A total of 95 non-replicated Acinetobacter baumannii isolates were enrolled in this study, of which 60.0% 
(n = 57) were identified as carbapenem-resistant Acinetobacter baumannii (CRAB). The positive rate of the blaOXA−23 
gene in CRAB isolates was 100%. A total of 28 Oxford sequence types (STs) were identified, of which the most 
prevalent STs were ST540 (n = 13, 13.7%), ST469 (n = 13, 13.7%), ST373 (n = 8, 8.4%), ST938 (n = 7, 7.4%) and ST208 
(n = 6, 6.3%). Differently, the most widespread clone of Acinetobacter baumannii in China during COVID-19 was ST208 
(22.1%). Further study of multidrug-resistant ST540 showed that all of them were carrying blaOXA−23, blaOXA−66, blaADC−25 
and blaTEM−1D, simultaneously, and first detected Tn2009 in ST540. The blaOXA−23 gene was located on transposons 
Tn2006 or Tn2009. In addition, the ST540 strain also contains a drug-resistant plasmid with msr(E), armA, sul1 and 
mph(E) genes.

Conclusion The prevalent clones of Acinetobacter baumannii in our organization have changed during COVID-19, 
which was different from that of China. ST540 strains which carried multiple drug-resistant mobile elements was 
spreading, indicating that it is essential to strengthen the molecular epidemiology of Acinetobacter baumannii.
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Introduction
Acinetobacter baumannii (A.baumannii) is a common 
opportunistic pathogen causing infections, including 
hospital-acquired pneumonia, bacteremia, urinary tract 
infections, and traumatic injuries [1]. Multiple intrinsic 
and acquired resistance mechanisms [2]have made multi-
drug-resistant (MDR), extensively drug-resistant (XDR), 
and pan-drug-resistant (PDR) A. baumannii strains 
increasingly common and made treatment increasingly 
harder [3–5]. Due to its high rate of resistance to car-
bapenems, the list of bacterial pathogens in urgent need 
of novel antibiotics issued by the World Health Organiza-
tion (WHO) ranked carbapenem-resistant A.baumannii 
as the highest priority in 2017 [6].

β-lactamases are the main reason for bacterial resis-
tance to carbapenems and could be classified into class 
A, class B, class C and class D [7]. Carbapenems belong 
to class D β-lactamases, which consist of blaOXA−23−like, 
blaOXA−40−like, blaOXA−51−like, blaOXA−58−like, and blaOXA−23. 
They are the leading cause of carbapenem resistance in 
A. baumannii [8]. Some studies have shown that the bla-
OXA−23 gene is the most prevalent class D β-lactamases 
gene [9] and can be inserted into the plasmid or chro-
mosome so that A. baumannii can acquire drug resis-
tance quickly [10]. The blaOXA−23 gene is usually located 
in transposons Tn2006, Tn2007, Tn2008, and Tn2009. 
Tn2006 is the most common type of transposons world-
wide, while Tn2009 is mainly popular in China [11]. In 
addition, plasmids carrying resistance genes can help 
A.baumannii reduce antibiotic susceptibility and better 
adapt to the environment [12].

To better elucidate the molecular epidemiology 
of pathogens, Maiden et al. invented the Multilocus 
Sequence Typing (MLST) method in 1998 [13]. The 
MLST has now been applied in molecular epidemiol-
ogy for disease transmission and virulence evolution, 
surveillance in public health, and many other fields [14–
16]. According to the results of epidemiological studies 
on A. baumannii, CRAB has increased globally due to 
the worldwide prevalence of Global Clone 1 (GC1) and 
Global Clone 2 (GC2) [9]. CRAB has different main-
stream STs in different regions. ST191, ST195, and ST208 
are common STs in China [17, 18], and all three STs 
originated from GC2. The main prevalent clone in Italy is 
ST78 [19], and in central Greece, ST101 [20], while in the 
United States, ST208 and ST281 are predominant [21].

Studies have shown that drug resistance in 
A.baumannii is associated with predominant STs [22], 
and the predominant ST type of A.baumannii in the 
same region could be replaced by others with a higher 
growth rate [23]. Previously, we conducted molecular 
epidemiological studies on A.baumannii collected over a 
long period in a Beijing hospital. In this study, we found 
ST191 was replaced by other ST and demonstrated an 

outbreak of infection with ST195 carrying the blaOXA−23 
resistance gene in northern China for the first time 
[24]. To our knowledge, there have been few studies on 
the long-term epidemic evolution of A.baumannii in a 
single medical machine, especially after the outbreak of 
COVID-19. Therefore, this study aimed to investigate 
the molecular epidemiology and resistance mechanisms 
of Acinetobacter baumannii in a single institution. The 
findings of this work will provide important insights for 
controlling the spread of CRAB and minimizing the inci-
dence of untreatable infections in clinical settings.

Methods
Strain and identification
From January 2020 to December 2022, 95 strains of 
A.baumannii were collected from a single hospital in Bei-
jing, China. Only the first isolate from each patient was 
included in the study. The samples were obtained from 
sputum, abdominal/pleural fluid, blood, urine, throats, 
and so on, all of which were initially identified as Acineto-
bacter spp. by the VITEK-2 system (BioMérieux France) 
and later identified to the species level by Microflex LT 
Time-of-Flight Mass Spectrometer.

Antimicrobial susceptibility tests
All A. baumannii strains were tested for susceptibili-
ties to 15 antibiotics, including ticarcillin/clavulanic 
acid (TCC), piperacillin/tazobactam (TZP), ceftazi-
dime (CAZ), cefoperazone/sulbactam (CFP), cefepime 
(FEP), imipenem (IPM), meropenem (MEM), tobra-
mycin (TOB), ciprofloxacin (CIP), levofloxacin (LVX), 
tigecycline (TGC), colistin (COL), minocycline (MNO), 
doxycycline (DOX) and trimethoprim/sulfamethoxazole 
(TMP), using a VITEK-2 compact system with AST-N-
335 cards. The results were evaluated according to the 
Clinical and Laboratory Standards Institute (CLSI) crite-
ria (M100-S32).

Genome sequencing
Takara DNA extraction kit was used to extract the 
genomic DNA of the 95 strains. All strains were whole 
genome sequenced using the Illumina Hiseq X10 plat-
form, with the 2*150 bp paired-end sequencing strategy. 
The genome was assembled and annotated using SPAdes 
[25] and Prokka [26].

Phylogenetic analysis
Single-nucleotide polymorphisms (SNPs) were extracted 
using Snippy (https://github.com/tseemann/snippy) to 
generate core genomic alignment. The core genomic 
alignment was used to generate a maximum likelihood 
(ML) phylogenetic tree by using Fasttree2 [27] (MDR-
ZJ06 [28] as a reference sequence). And the results were 
shown by iTOL [29].

https://github.com/tseemann/snippy
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Multilocus sequence typing (MLST)
MLST analyses were performed using the Oxford and 
Pasteur scheme. The sequence types (STs) and allelic 
profiles were analyzed using the PubMLST database 
(http://pubmlst.org/abaumannii/ ). The newly identified 
STs were submitted to the MLST database curator for 
approval, and an ST number was assigned. A minimum-
spanning tree based on the allelic difference between iso-
lates of the seven housekeeping genes was constructed 
using PHYLOViZ Online [30].

Identification of resistance genes and drug-resistant 
mobile elements
All the antimicrobial resistance genes were identified 
using the Resfinder [31] software. We take the assembled 
contigs of ST540 genomes to the VRprofile2 pipeline [32] 
(https://tool2-mml.sjtu.edu.cn/VRprofile/) to classify 
contigs as the fragments of chromosomes or plasmids 
and to identify whether they carried resistance genes. 
To further study the plasmids with resistance genes, we 
used blastn to compare these contigs to the NCBI RefSeq 
plasmids database (https://ftp.ncbi.nlm.nih.gov/refseq/
release/plasmid/) to find the reference sequence. For the 
drug-resistant plasmid of ST540, we use p2BJAB07104 
(NC_021728.1) with 84% coverage and 100% identity 
as reference sequences to study the plasmid structure. 
Mauve [33] was used to identify all the contigs located in 
the resistant plasmid, by comparing strain contigs with 
the reference genome BJAB07104 (NC_021726.1) which 
contains the plasmid p2BJAB07104 (NC_021728.1). Plas-
mid maps were presented using BRIG [34]. To determine 
whether the contig carrying blaOXA−23 gene contains 
insertion sequences, we submitted it to ISfinder [35]
(http://www-is.biotoul.fr). To further identified the type 
of transposon of contigs carrying the blaOXA−23 gene, 
we compared these contigs with transposon reference 
sequences (Tn2006 EF127491.1, Tn2007 EF059914.1, 
Tn2008 KP074966.1, Tn2009 CP097879.1) using BLAST 
(ncbi-blast-2.11.0).

Results
Molecular epidemiology
A total of 95 non-repeating A.baumannii strains col-
lected from January 2020 to December 2022 were 
enrolled in this study. The result of the MSLT Pasteur 
scheme showed that a total of 21 STs were found and the 
prevalent ST was ST2 (n = 56, 58.9%), ST40 (n = 9, 9.5%), 
and ST33 (n = 4, 4.2%). The Oxford scheme identified 28 
STs, the most prevalent STs were ST540 (n = 13, 13.7%), 
ST469 (n = 13, 13.7%), ST373 (n = 8, 8.4%), ST938 (n = 7, 
7.4%) and ST208 (n = 6, 6.3%). In this study, more than 
half of A. baumannii came from ICU (n = 56, 58.9%), fol-
lowed by hepatological surgery (n = 17, 17.9%). The most 
common source of samples was sputum (n = 73, 65.7%) 

Fig. 1. As shown in Fig. 2, the detection rate of ST540 was 
equivalent to that of ST469. However, we could not find 
any strain belonging to ST469 in 2022.

To investigate the clonal evolution of A.baumannii 
during COVID-19, we studied the molecular epide-
miology of A. baumannii in China (published on the 
NCBI website) from 2020 to 2022 and then performed 
a minimum-spanning tree analysis. The results showed 
that ST208(n = 68, 22.1%) was the most prevalent clone 
in China during this period, which is different from our 
findings (Fig. 3).

Antimicrobial susceptibility tests
The minimal inhibitory concentration (MIC) values 
against 15 kinds of drugs were determined for all A. bau-
mannii. Figure 4 A shows the drug resistance rate of 95 
A. baumannii strains. The results showed that most A. 
baumannii strains were carbapenem-resistant A. bau-
mannii (CRAB), with 58.9% against imipenem and 62.1% 
against meropenem. All isolates were susceptible to colis-
tin, and 12 (12.6%) strains were resistant to tigecycline. 
Figure 4 B shows the resistance rates of the top 5 STs of 
strains. The antibiotic resistant rates of ST540, ST469, ST 
938 and ST208 against carbapenems were above 80%, but 
all ST373 strains were sensitive to carbapenems. ST540 
has the highest resistance rate to cefoperazone/sulbac-
tam, reaching 78.5%.

Drug-resistance genes
Genomic analysis showed that 95 A. baumannii con-
tained a total of 30 resistance genes. The carbapenemase 
gene blaOXA−25 was present in all A. baumannii, and 
blaOXA−23 and blaOXA−66 were present in all CRAB iso-
lates. The other resistance genes detected in our study 
included: carbapenem (blaNDM−1, blaOXA−106, blaOXA−120, 
blaOXA−121, blaOXA−217, blaOXA−23, blaOXA−259, blaOXA−343, 
blaOXA−374, blaOXA−377, blaOXA−430, blaOXA−51, blaOXA−66, 
blaOXA−78, blaOXA−98, blaTEM−1D), aminoglycoside (aac 
[3]-Ia, aph(3’)-Ia, aph(3’ ‘)-Ib, aph(6’)-Id, aph(3’)-VI, 
armA), macrolide (mph(E), msr(E)), phenicol (catB8), 
tetracycline (tet(B)) and sulfonamide (sul1, sul2) (Fig. 5). 
Interestingly, the ST540 strains contain a different resis-
tance gene profile, some ST540 strains do not carry 
catB8, mph(E), msr(E) genes.

Drug-resistant mobile elements
We suspected that plasmid carrying was the cause of the 
difference in the ST540 resistance gene profile. Thus we 
uploaded ST540 strain contigs to the VRprofile2 pipeline 
to predict whether ST540 carried resistant plasmids. The 
results showed that five strains carried resistant plasmid 
Fig. 6. Analysis by blastn showed that these resistant plas-
mids were high similar to p2BJAB07104 (NC_021728.1) 
with 84% coverage and 100% identity. We spliced the 

http://pubmlst.org/abaumannii/
https://tool2-mml.sjtu.edu.cn/VRprofile/
https://ftp.ncbi.nlm.nih.gov/refseq/release/plasmid/
https://ftp.ncbi.nlm.nih.gov/refseq/release/plasmid/
http://www-is.biotoul.fr


Page 4 of 10Huang et al. Annals of Clinical Microbiology and Antimicrobials           (2024) 23:63 

plasmids and found that they all carried msr(E), armA, 
sul1, and mph(E) genes, which were not found on the 
chromosomes. None of the blaOXA−23 gene was located 
on the resistant plasmid. To study its genetic environ-
ment, we compared the ST540 strain contigs carrying 
blaOXA−23 gene with the transposon reference sequence 
(Tn2006 EF127491.1, Tn2007 EF059914.1, Tn2008 
KP074966.1, Tn2009 CP097879.1) and found that the 
blaOXA−23 gene was located on Tn2006 (n = 4, 30.8%) 
and Tn2009 (n = 9, 69.2%%) Fig.  7. Tn2006 and Tn2009 
share a common region, “OXA-23”. They also contain 
ISAba1. The two ISAba1 copies were inversely orientated 

in Tn2006 compared with being the same direction in 
Tn2009.

Discussion
Due to its easy access to resistance genes, A.baumannii 
is considered a major threat to global public health [6]. 
In order to investigate the epidemical clones change 
and drug resistance mechanism of A.baumannii during 
COVID-19 and prevent the outbreak of infection caused 
by Multi-drug Resistant Acinetobacter baumannii (MDR-
Ab), we retrospectively analyzed the molecular epidemi-
ological characteristics and drug resistance mechanism 

Fig. 2 Top 5 ST-type detection rate. The horizontal and vertical coordinates represent the detection rate and the year of detection

 

Fig. 1 Evolutionary relationship of 95 strains of Acinetobacter baumannii. The evolutionary relationships of the 95 Acinetobacter baumannii strains were 
represented using an evolutionary tree, with the circles from inner to outer being: year of isolation, oxf ST, pas ST, hospital ward, and sampling site
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of 95 A.baumannii strains at a hospital in Beijing for 3 
years (2020–2022).

CHINET data showed that the resistance rate of Aci-
netobacter baumannii to carbapenem in China increased 
approximately twofold from 2005 (39%) to 2019 (79%) 
[36]. However, the resistance rate of carbapenems has 
decreased, from 79 to 71.9%, between 2019 and 2022 
during the COVID-19 pandemic [36]. In this study, the 
resistance rate of carbapenem was only 62.1%, which 
was lower than the data (71.9%)in China. The variation 
of epidemic clones may be an important reason for the 
decrease in drug resistance rate. For example, there was a 
study reported that the variation of STs in a single hospi-
tal accompanied with the resistance rate to amikacin and 

tobramycin increased from 46.6 to 92% [37]. In this study, 
we found CRAB ST208 was still the main epidemic clone 
in China, reaching 22.1%, while in our hospital ST208 
accounted for only 6.3%. In addition, we also found the 
sensitive A. baumannii ST373, which accounted for 8.4% 
of the total isolation rate. Thus, our study suggests that 
epidemiologic clonal changes may be important in influ-
encing resistance rates. In China, the TGC resistance 
rate of A. baumannii was only 2% in 2022, which is much 
lower than other countries, for instance, Turkey, whose 
TGC resistance rate was about 81%, and Israel, 66%, 
Kuwait, 13.6% [36, 38, 39]. The treatment of MDR-Ab 
in our hospital usually involves tigecycline or colistin, as 
these two drugs have become the last line of defense in 

Fig. 3 ST-type minimum-spanning tree. (A) Genetic relationship of most Acinetobacter baumannii isolates of China. (B) genetic relationship of Acineto-
bacter baumannii isolates of this study. The size of the dots is proportional to the number of strains
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treating MDR-Abb [40]. In this study, the resistance rate 
of tigecycline is 12.6%, which is higher than the 4% rate 
in China [41], indicating a trend towards an increased 
level of tigecycline resistance. This trend is likely to pose 
a threat to the effectiveness of this last-resort drug. In 
order to prevent A. baumannii from becoming an incur-
able bug, the development of novel drugs is an urgent 
need. Our study provides additional bacterial data to 
support further investigation into therapeutic strategies 
for CRAB.

Our study found that ST540 became the main epidemic 
clone in our hospital, which was different from our pre-
vious report that ST195 and ST191 were the main STs 
in this hospital before 2014 [24]. Since the first report of 
ST540 in China in 2013 [42], it has increased in recent 
years in the northern China of Shandong Province [43] 

(12.8%) and Jilin Province [44](14.6%). Unlike these 
reports from China, we found for the first time that 
ST540 was the most prevalent clone in a single hospi-
tal. All ST540 strains isolated in this study were 100% 
resistant to carbapenems. CRAB is a worldwide prob-
lem because these strains are often resistant to all other 
commonly used antibiotics [45]. Although A.baumannii 
strains carrying blaOXA−23 and blaTEM−1D have been spo-
radically reported [46], the coexistence of blaOXA−23 and 
blaTEM−1D with other carbapenemase genes in A. bau-
mannii is rarely reported. In this study, all ST540 strains 
carried blaOXA−23, blaOXA−66, blaADC−25 and blaTEM−1D 
genes, which may be the main cause of resistance to car-
bapenem. To our knowledge, this is the first report of a 
clinical A. baumannii ST540 isolates carrying blaOXA−23, 
blaOXA−66, blaADC−25 and blaTEM−1D genes in northern 

Fig. 4 Rates of antimicrobial resistance among isolates. (A)Shows the 95 strains of Acinetobacter baumannii ‘s overall antimicrobial resistance rate, and (B) 
shows the resistance rate of the top 5 ST types of detection rate
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China. In addition, ST540 strains also carried resistance 
genes related to aminoglycoside, macrolide, phenicol, 
tetracycline, and sulfonamide. This finding is in agree-
ment with previous observations reporting that most A. 
baumannii isolates carrying the blaOXA−23 gene also carry 
resistance genes to aminoglycosides and/or tetracyclines 
[45, 47].

Acinetobacter baumannii has the property of natural 
transformation, which can pass drug-resistant genes to 
other strains through the genome or mobile elements 
[48]. In our study, we also found internal differences 
in the resistance of ST540 due to the presence of [49]
resistant plasmids carrying msrE, armA, sul1 and mphE 
genes, causing these strains to be resistant to macrolide, 

Fig. 5 Heat map of antimicrobial resistance genes. Different colors in the legend on the left represent different oxf ST types. The blue portion of the 
heatmap indicates antimicrobial drug susceptibility testing, dark blue indicates resistance, light blue indicates intermediary, white indicates susceptibility, 
and gray indicates vacancy. The black portion of the heatmap represents resistance genes, black indicates the presence of the gene, and white indicates 
the absence of the gene
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Fig. 7 ST540 Transposons. The evolutionary relationships within ST540 are shown on the left, the transposons carried by each strain are shown on the 
right, and the direction of the arrow indicates the insertion sequence direction

 

Fig. 6 ST540 drug-resistant plasmids. Sequence comparison of plasmid p2BJAB07104 and other plasmids including pAb16630, pAb17179, pAb17282, 
pAb19271, pAb19277. BLASTN matches with an identity between 0 and 100% are colored in gradient
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aminoglycoside and sulfonamide, in only five strains of 
ST540. The plasmid was unclassified plasmid and first 
identified on MDR-ZJ06 strain in China in 2011 [42]. 
Now, this plasmid could be found in some of the ST540 
strains, suggesting that it may spread in A. baumannii 
through horizontal gene transfer. The blaOXA−23 genes 
are usually carried by transposons such as Tn2006, 
Tn2007, Tn2008, and Tn2009 [9]. Tn2006 is the most 
prevalent transposon worldwide and the only one that 
has been tested to be able to move independently and 
could be fund in many different chromosomal and plas-
mid contexts in distantly related A. baumannii strains 
[7]. According to a survey, the Tn2006-possessing strains 
belonged to various STs, whereas Tn2009-possessing 
strains were mainly belonged to ST191 [50]. However, 
our study found for the first time in ST540 that 69.2% 
of the strains carried Tn2009, indicating that Tn2009 is 
transferring among different A. baumannii strains.

Conclusion
During the COVID-19 pandemic, we investigated A. bau-
mannii in a hospital in northern China and observed a 
rise in resistance to TGC during this time. ST540, carry-
ing the resistance plasmid and Tn2009/Tn2006, became 
the predominant clone in our study unit. Our genomic 
analysis can help track outbreaks, detect the evolution of 
prevalent clones, and identify the presence of resistance 
genes. All these massages can help optimize antimicro-
bial stewardship and provide essential information for 
treatment decision-making. At the same time, our find-
ings offer new epidemiological data that can be used to 
enhance infection control measures and clinical treat-
ments in China.
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