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Abstract 

Background:  Bloodstream infection (BSI) caused by multidrug-resistant Acinetobacter baumannii (MDR-AB) has been 
increasingly observed among hospitalized patients. The following study analyzed the epidemiology and microbiologi-
cal characteristics of MDR-AB, as well as the clinical features, antimicrobial treatments, and outcomes in patients over 
a six years period in China.

Methods:  This retrospective study was conducted in a large tertiary hospital in China between January 2013 and 
December 2018. The clinical and microbiological data of all consecutive hospitalized patients with MDR-AB induced 
bloodstream infection were included and analyzed.

Results:  A total of 108 BSI episodes were analyzed. All MDR isolates belonged to ST2, a sequence type that has 
spread all over the world. Overall, ST2 strains showed strong biofilm formation ability, high serum resistance, and high 
pathogenicity. As for the clinical characteristics of the patient, 30-day mortality was 69.4% (75/108). The three main 
risk factors included mechanical ventilation, intensive care unit (ICU) stay, and thrombocytopenia; three protective 
factors included a change of antimicrobial regimen within 48 h after positive blood culture, use of the antibacterial 
agent combination, and more inpatient days. The most effective antibacterial regimen was the combination of cefop-
erazone/sulbactam and tigecycline.

Conclusions:  BSI caused by ST2 A.baumannii represents a difficult challenge for physicians, considering the high 
mortality associated with this infection. The combination of cefoperazone/sulbactam and tigecycline may be an 
effective treatment option.

Keywords:  Acinetobacter baumannii, Bloodstream infection, Multidrug-resistant, Cefoperazone/sulbactam, 
Tigecycline, ST2
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Background
A. baumannii has become the leading cause of blood-
stream infections (BSI) among hospitalized patients [1]. 
These bacteria are usually resistant to antibiotics; thus, 
treatment options are very limited [2].

Carbapenem antibiotics are the first-line drugs used 
to treat A. baumannii infections [3]. However, A. bau-
mannii resistance to carbapenem antibiotics has rap-
idly increased over recent years [4]. According to China 
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Antimicrobial Resistance Surveillance Network (CHI-
NET) program, the resistance rate of A. baumannii 
to imipenem and meropenem increased to 62.8% and 
59.4% in 2013 and to 77.1% and 78.1% in 2018, respec-
tively (http://www.chine​ts.com/). Carbapenem-resistant 
A. baumannii (CRAB) are typically multidrug-resistant 
strains that are usually sensitive to tigecycline and poly-
myxins [5].

According to World Health Organization (WHO), 
MDR-AB has recently been considered the most critical 
pathogen for public health, topping the global priority list 
of antibiotic-resistant bacteria [6]. MDR-AB population 
is characterized by clonal dissemination, as revealed by 
multi-locus sequence typing (MLST) [7], and one of the 
most successful clonal lineages, sequence type 2, is asso-
ciated with nosocomial outbreaks and multidrug-resist-
ance and has spread globally [8]. The clinical performance 
of tigecycline and polymyxins falls short due to their 
unfavourable pharmacokinetics and toxicity. Therefore, 
there is still no optimal therapeutic regimen for MDR-
AB infection [9]. A study conducted in Italy showed that 
carbapenem or polymyxins-based regimens were the 
main options for treating bloodstream infections caused 
by MDR-AB [10]. In China, sulbactam-based regimens, 
tigecycline-based regimens, and polymyxins-based regi-
mens have been recommended as the main treatment 
for MDR-AB [11]. However, these recommendations are 
based on small-scale retrospective studies, lacking sys-
tematic and comprehensive clinical research evidence. 
Large-scale clinical randomized controlled trials have 
not been evaluated in patients with MDR-AB infection. 
In addition, polymyxins, which is commonly used for the 
treatment of Gram-negative bacterial infection, has not 
been standardized in China until 2019, resulting in a low 
usage in clinicians [12]. Therefore, sulbactam and tigecy-
cline are currently the main clinical treatments for MDR-
AB, but the efficacy of the two regimens remains to be 
clarified.

In addition to its multidrug resistance, A. baumannii 
also has various virulence factors. These factors, includ-
ing outer membrane protein A [13], lipopolysaccharide 
[14], capsular polysaccharide [15], phospholipase D [16], 
outer membrane vesicle [17] and acinetobactin-mediated 
iron acquisition system [18] help A. baumannii evade 
the host immune response and improve survival in the 
human serum. The ability of biofilm formation not only 
contributes to easy survival and transfer of A. bauman-
nii in the hospital environment, such as attached to vari-
ous biotic and abiotic surfaces [19], but also enhances the 
pathogenicity in mammalian septicemia model [20].

High resistance and virulence of bacteria are the main 
factors associated with high mortality in patients with 
bloodstream infections [10, 21]. Some studies reported 

that the patient’s condition, previous exposure to anti-
microbial (especially broad-spectrum antibiotics), pre-
vious colonization with A. baumannii, increased Pitt 
bacteremia score, being in the intensive care unit (ICU), 
and recent invasive procedures are risk factors associ-
ated with MDR acquisition in A. baumannii bloodstream 
infection [22–24]. Furthermore, compared to sensitive 
cases, the bloodstream infection caused by MDR-AB 
usually leads to higher total hospitalization costs [25], 
significantly impacting the clinical and economic burden.

In this study, we analyzed the clinical features, different 
antimicrobial treatments, and outcomes in patients with 
MDR-AB bloodstream infection, as well as the epidemio-
logical and virulence characteristics of these isolates. Our 
results can help clinicians and infection control special-
ists in developing successful empirical treatments and 
infection control measures.

Methods
Study location and patient
This study was conducted at the First Affiliated Hospi-
tal of Wenzhou Medical University, a 4100-bed teaching 
hospital (Wenzhou, China), over a 6-year period (1 Janu-
ary 2013 to 31 December 2018). Inclusion criteria of A. 
baumannii-induced bloodstream infection were [10]: (1) 
age ≥ 18  years; (2) blood culture positive for MDR-AB; 
(3) clinical signs consistent with infection; (4) the infec-
tion occurred ≥ 48  h after hospital admission. Only the 
first episode was included if the patient had multiple epi-
sodes of A. baumannii-induced BSI.

Study design and data collection
A retrospective study design was employed. The main 
outcome was 30-day in-hospital mortality. Clinical infor-
mation and laboratory parameters were collected from 
medical charts that used predefined definitions of varia-
bles. The collected data included demographic character-
istics, underlying diseases, length of stay in the hospital, 
treatments and procedures performed, laboratory results, 
antimicrobial therapies, and all-cause 30-day mortality.

Strains identification and antimicrobial susceptibility 
testing
The VITEK-2 automated system (BioMérieux, Marcy-
l’Étoile, France) was used for bacteria identification. Min-
imum inhibitory concentrations (MICs) of 14 antibiotics 
were tested by the agar dilution method, including imipe-
nem, meropenem, ceftazidime, ceftriaxone, gentamicin, 
tobramycin, ciprofloxacin, levofloxacin, ampicillin/sul-
bactam, trimethoprim/sulfamethoxazole, piperacillin/
tazobactam, cefperazone/sulbactam, tigecycline and 
polymyxin B. The results were interpreted according 
to the recommendations of the Clinical and Laboratory 
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Standards Institute (CLSI; Pittsburgh, PA, USA). The 
results of tigecycline were interpreted according to the 
recommendation of the Food and Drug Administration, 
with MICs of ≤ 2, 4, and ≥ 8  μg/ml interpreted as sus-
ceptible, intermediate, and resistant, respectively [26]. 
MDR was defined as bacteria non-susceptible to three or 
more different antimicrobial categories; extensively drug-
resistant (XDR) was defined as non-susceptibility to at 
least one agent in all but two or fewer antimicrobial cate-
gories. All these strains were stored at − 80 °C for further 
research.

Multi‑locus sequence typing (MLST)
In the present study, seven housekeeping genes (cpn60, 
fusA, gltA, pyrG, recA, rplB, and rpoB) were amplified 
and sequenced to characterize the genotypes of all iso-
lates according to the provided protocols (www.paste​
ur.fr/mlst). The alleles and STs were assigned according 
to the online database of the Institut Pasteur’s MLST web 
site of A. baumannii.

Biofilm formation
The biofilm formation ability of the A. baumannii isolates 
on 96-well polystyrene microtiter plates was assessed 
using the crystal violet staining, as formerly described 
[27]. The results were classified into the four follow-
ing categories [28]: non-biofilm producer, weak biofilm 
producer, medium biofilm producer, and strong biofilm 
producer.

Serum resistance assay
Serum sensitivity assays were performed on clinical 
isolates [29]. The bacterial suspension was mixed with 
normal human serum (NHS) and incubated at 37  °C. 
Calculate the colony-forming units (CFUs) of bacteria 
by single plate-serial dilution spotting (SP-SDS) [30]. All 
experiments were performed in triplicate, and results 
were expressed as percent survival.

Galleria mellonella larva infection assay
The virulence of A. baumannii was estimated by infecting 
G. mellonella larvae, as previously described [31]. Briefly, 
a suspension of A. baumannii was prepared in phos-
phate-buffered saline (PBS). Then, 10 μL of this suspen-
sion was injected through the last proleg of each larva. 
Ten larvae were used for each experiment; experiment 
was performed 3 times.

Statistical analysis
All statistical analyses were performed using SPSS 22.0 
software (IBM, Armonk, NY, USA). The categorical 
variables were listed as percentages, and the continu-
ous data were expressed as mean ± standard deviation 

(mean ± SD) or median (25th-75th percentile). The chi-
squared test or Fisher’s exact test was used for categori-
cal variables, and the odds ratio (OR) was calculated with 
confidence intervals (CIs) of 95%. The continuous data 
were analyzed using the Student’s t-test or Mann–Whit-
ney U test. P-value < 0.05 was considered statistically sig-
nificant. All tests were two-tailed. To determine the risk 
factors for A. baumannii-induced BSI, univariate logistic 
regression analyses were performed. All variables with a 
P-value < 0.05 were included in the multivariate model.

Results
Clinical factors associated with 30‑day mortality 
among patients with ST2 A. baumannii‑induced BSI
A total of 108 patients with A. baumannii-induced BSI 
were enrolled during the 6-year study period. Seventy-
five patients died within 30  days, with a mortality rate 
of 69.4%. The demographics between the non-survivor 
group and survivor group were similar, as shown in 
Table  1. Briefly, the majority of patients in both groups 
were elderly and male patients. The most common 
comorbidity was pneumonia. MDR-AB was also iso-
lated from sputum in 86 patients (79.6%) during the 
hospitalization. Empirical antimicrobial therapy was per-
formed on all patients. The univariate regression analy-
sis revealed that the use of mechanical ventilation (OR 
2.49, 95% CI [1.00–6.22]), ICU stay (OR 8.82, 95% CI 
[3.38–23.02]), and thrombocytopenia (OR 8.72, 95% CI 
[1.93–39.30]) were all significant risk factors associated 
with patients mortality (Table 1). Furthermore, deep vein 
intubation and other microbial isolation were not signifi-
cantly associated with survival (P = 0.247, fungi P = 0.890, 
and bacteria P = 0.642, respectively). In contrast, change 
of antimicrobial agents within 48  h after positive blood 
culture, the use of the antibacterial agent combination 
and more inpatient days were significantly associated 
with survival (P < 0.001, P = 0.037, and P = 0.007, respec-
tively) (Table 1).

Antimicrobial treatment regimens and clinical out-
comes of 108 patients are listed in Table 2. During hos-
pitalization, the usage rate of carbapenem, cefoperazone/
sulbactam, tigecycline, piperacillin/tazobactam and 
polymyxin B were 85.2% (92/108), 69.4% (75/108), 45.4% 
(49/108), 27.8% (30/108) and 7.4% (8/108), respectively. 
However, the usage of these antimicrobials was not sig-
nificantly associated with survival (P > 0.05). Detailed 
antimicrobials therapy options after bacteria isolation are 
listed in Table 2.

The most common treatment option was the combina-
tion of cefoperazone/sulbactam and tigecycline (25.9%, 
28/108), with 53.6% (15/28) survival rate, followed by the 
monotherapy of carbapenem, cefoperazone/sulbactam 
and tigecycline (14.8%, 13.0%, and 5.6%, respectively), 
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Table 1  Univariate analysis comparing survivors and non-survivors at 30 days from infection onset

Bold values are statistically significant (P < 0.05)

Variables Nonsurvivor Survivor Univariate analysis

OR (95% CI) P value

Male sex, (%) 78.7 69.7 1.60 (0.64–4.05) 0.315

Age, median (range) 62 (15–89) 55 (18–89) – 0.360

Comorbidities, (%)

 Pneumonia 58.7 60.6 0.92 (0.40–2.13) 0.850

 Diabetes 17.3 6.1 3.25 (0.69–15.31) 0.208

 Liver cirrhosis 4.0 6.1 0.65 (0.10–4.06) 1.000

  Malignant tumor 12.0 12.1 0.99 (0.28–3.47) 1.000

 Trauma 16.0 24.2 0.60 (0.22–1.63) 0.310

ICU stay, (%) 86.7 42.4 8.82 (3.38–23.02) < 0.001
Inpatient days, median (range) 25 (6–155) 35 (12–163) – 0.007
Deep vein intubation, (%) 89.3 78.8 2.25 (0.74–6.85) 0.247

Mechanical ventilation, (%) 81.3 60.0 2.49 (1.00–6.22) 0.048
Polymicrobial infection, (%)

 Fungi 12.0 15.6 0.76 (0.24–2.48) 0.890

 Other bacteria 46.7 51.5 0.82 (0.36–1.87) 0.642

A.baumannii isolated from other sites during hospital stay, (%)

 Sputum 80.0 78.8 1.08 (0.39–2.95) 0.885

 Cerebrospinal fluid 4.0 3.0 1.33 (0.13–13.31) 1.000

Usage of antibiotic, mean (range), (%)

 Number of antibiotic classes used 3.16 (1–6) 3.52 (1–5) – 0.162

 Empirical antimicrobial therapy before isolating from blood 100 100 – –

 Change antimicrobial within 48 h after isolating from blood 53.3 87.9 0.16 (0.05–0.49)  < 0.001
 Combination therapy 36.0 54.5 0.41 (0.18–0.96) 0.037

Laboratory examination, mean ± SD, (%)

 White blood cell count (× 109/L) 13.2 ± 9.70 16.0 ± 11.0 – 0.208

 Leukopenia (< 4 × 109/L) 18.7 6.1 3.56 (0.76–16.65) 0.160

 Hemoglobin (g/L) 90.5 ± 21.4 94.7 ± 19.3 – 0.328

 Anemia (< 100 g/L) 69.3 60.6 1.47 (0.63–3.45) 0.375

 Platelet count (× 109/L) 123.1 ± 106.7 201.7 ± 104.0 –  < 0.001
 Thrombocytopenia (< 50 × 109/L) 36.0 6.1 8.72 (1.93–39.30)  < 0.001

Table 2  Antibiotic regimens therapy during hospitalization

Antimicrobial Total (n = 108) Nonsurvivor (n = 75) Survivor (n = 33)

Antibiotic usage during hospitalization, n (%)

 Carbapenem 92 (85.2) 66 (88.0) 26 (78.8)

  Cefoperazone/sulbactam 75 (69.4) 49 (65.3) 26 (78.8)

 Piperacillin/tazobactam 30 (27.8) 18 (24.0) 12 (36.4)

 Tigecycline 49 (45.4) 33 (44.0) 16 (48.5)

 Polymyxin B 8 (7.4) 4 (5.3) 4 (12.1)

Antibiotic regimens after positive blood culture, n (%)

 Carbapenem 16 (14.8) 12 (16.0) 4 (12.1)

 Cefoperazone/sulbactam 14 (13.0) 10 (13.3) 4 (12.1)

 Tigecycline 6 (5.6) 6 (8.0) 0 (0)

  Carbapenem + Tigecycline 9 (8.3) 9 (12.0) 0 (0)

 Cefoperazone/sulbactam + Tigecycline 28 (25.9) 13 (17.3) 15 (45.5)

 Polymyxin B + Tigecycline 5 (4.6) 3 (4.0) 2 (6.1)
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and the survival rates were 25% (4/16) 28.8% (4/14) and 
0% (0/6), respectively. Nine patients were treated by com-
bining carbapenem and tigecycline; however, no patients 
survived. Among 5 patients treated by combining poly-
myxin B and tigecycline, 2 patients survived.

Antimicrobial susceptibility and MLST of A. baumannii
The resistance rates of 108 A. baumannii were the fol-
lowing: imipenem 100%, meropenem 100%, ceftriaxone 
100%, ciprofloxacin 100%, ceftazidime 100%, ampicillin/
sulbactam 99.1%, piperacillin/tazobactam 99.1%, gen-
tamicin 98.2%, levofloxacin 94.4%, tobramycin 85.2%, 
trimethoprim/sulfamethoxazole 76.7%. The resistance 
rate, intermediate rate, and sensitive rate of cefperazone/
sulbactam were 77.8%, 18.5% and 3.7%, and those of tige-
cycline were 6.5%, 5.5% and 88.0%, respectively (Table 3). 
Among 61 isolates (56.5%) presented an XDR phenotype, 
most were sensitive only to polymyxin B and tigecycline. 
The results of MLST showed that all isolates were ST2.

Pathogenicity of A. baumannii
Thirty A. baumannii isolated from the survivors and 30 
A. baumannii isolated from the non-survivors were ran-
domly selected for biofilm formation experiment and 
serum resistance assay. Among those who survived, the 
percent of weak biofilm producer, medium biofilm pro-
ducer, and strong biofilm producer were 13.3%, 66.7%, 
and 20%, respectively. Among those who died, the per-
cent of weak biofilm producer, medium biofilm producer, 
and strong biofilm producer was 6.7%, 83.3%, and 10%, 
respectively. However, the biofilm formation ability in the 
two groups was not statistically different (3.36 ± 1.30 vs 
3.13 ± 0.77; P = 0.417) (Fig.  1). On the other hand, after 

3  h incubation with normal human serum, the survival 
rate of A. baumannii isolated from non-survivors was 
higher than A. baumannii isolated from survivors. Still, 
the survival rates were not statistically different among 
the two groups (17.5% [6.9%—38.0%] vs. 10.5% [6.2%—
27.0%]; P = 0.209 (Fig. 2). The survival rate of the stand-
ard strain ATCC19606 was less than 0.1%.

Furthermore, 10 A. baumannii isolated from the sur-
vivors and 10 A. baumannii isolated from the non-sur-
vivor were randomly selected for G. mellonella larva 
infection assay. G. mellonella survival data are shown in 
Fig.  3. The survival rates of the infected larvae between 
the two groups were not statistically different in every 
observation between day 1 and day 6 (P = 0.522). The 

Table 3  The resistance rates of MDR-AB to 14 antimicrobial agents in the years 2013 to 2018 (%)

Antibiotics Total 2013 2014 2015 2016 2017 2018

Imipenem 100 100 100 100 100 100 100

Meropenem 100 100 100 100 100 100 100

Ceftazidime 100 100 100 100 100 100 100

Ceftriaxone 100 100 100 100 100 100 100

Gentamicin 98.2 100 100 96 100 93.8 100

Tobramycin 85.2 100 93.3 84 92 87.5 53.3

Ciprofloxacin 100 100 100 100 100 100 100

Levofloxacin 94.4 83.3 100 96 92 93.8 100

Ampicillin/sulbactam 99.1 100 100 100 100 93.8 100

Trimethoprim/sulfamethoxazole 76.7 100 13.3 56 52 93.8 100

Piperacillin/tazobactam 99.1 100 100 100 100 93.8 100

Cefperazone/sulbactam 77.8 83.3 66.7 80 80 75 80

Tigecycline 6.5 8.3 6.7 4 8 0 13.3

Polymyxin B 0 0 0 0 0 0 0

Fig. 1  Biofilm formation ability of the 30 A. baumannii isolated from 
the survivors and from the non-survivors
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pathogenicity of ST2 was significantly higher than ATCC 
19606 (P < 0.001).

Discussion
A.baumannii has become a critical hospital-acquired 
pathogen. Although the bacteria is typically associ-
ated with hospital-acquired pneumonia, A.baumannii 
induced bloodstream infection has become a significant 
health problem [32]. The most alarming fact is the rapid 
rise in MDR-AB strains, limiting the range of antibiot-
ics available for treatment [33]. Therefore, new strategies 
are needed to prevent and treat bloodstream infections 
caused by MDR-AB. It is essential to analyze clonal rela-
tionships among pathogens to better understand their 
molecular epidemiology.

Historically, global clones I and II have been identi-
fied as responsible for widespread of MDR-AB across the 
globe [34]. The analysis of all publicly available genome 
sequences shows that ST2 (the representative ST type of 
global clone II), ST1, ST79, and ST25 account for more 

than 71% of all sequenced genomes [8]. Although it was 
initially thought that these clones were limited to Europe 
[35], A. baumannii population has been found in more 
than 30 countries [34], including United States, Italy, Aus-
tralia, Thailand, United Kingdom, and China. The ST2 A. 
baumannii seems to be widely spread in China. Previous 
studies have shown that ST2 accounts for 100% of the 
dominant pulsotypes of CRAB in Heilongjiang Province 
[36]. Another study from Taiwan Province also showed 
that 98% of A. baumannii belongs to ST2 [37]. Yang et al. 
found that ST2 occupies a dominant position in 11 differ-
ent Chinese provinces [38]. However, the MDR-AB pop-
ulation structures isolated from bloodstream infections 
in this study were all ST2. A. baumannii, which are noso-
comial  pathogens usually transmitted from the medical 
environment (patient, medical staff, or medical device). 
Several studies have shown that A. baumannii can spread 
between hospitals [39, 40], which means the prevalence 
of ST2 is more serious in this region, not just the hospital 
involved in this study.

The clinical factors associated with 30-day mortal-
ity among patients with ST2 A. baumannii-induced BSI 
were also analyzed in this study. The use of mechanical 
ventilation, ICU stay, and thrombocytopenia have all 
been associated with higher mortality. Previous studies 
demonstrated that the mortality risk factors associated 
with poor prognosis include older age, the severity of the 
underlying disease, septic shock, a high Pitt bacteremia 
score, previous surgery, mechanical ventilation, and inap-
propriate antimicrobial treatment [21, 41, 42]. The ICU 
has been identified as the unit at the highest risk of the 
nosocomial outbreak of MDR-AB [43]. Our data also 
showed that ST2 BSI is a special ICU acquired infec-
tion, which may be caused by patient impaired immune 
function. Thrombocytopenia indicates severe infection, 
suggesting poor prognosis. Moreover, change of antimi-
crobial regimen within 48 h after positive blood culture, 
the use of antibacterial agent combination, and more 
inpatient days were significantly all associated with sur-
vival. A large retrospective study, which was performed 
across 27 Turkish hospitals [44], analyzed the clinical 
outcomes of XDR-AB bloodstream infection patients 
revealing that compared with the single-agent treatment 
group, the in-hospital mortality rate of the combined 
treatment group was significantly lower, and the micro-
bial eradication rate was significantly higher than that of 
the single-agent treatment group. Early appropriate anti-
bacterial therapy is essential to reduce mortality caused 
by severe MDR-AB bacteremia [45]. However, the risk of 
inappropriate early antibacterial treatment is significantly 
increased for bloodstream infections caused by MDR-AB 
[46]. In our study, all patients received improper empiri-
cal treatment. Due to the long time needed for taking 

Fig. 2  Serum resistance assay of 30 A. baumannii isolated from the 
survivors and 30 from the non-survivors

Fig. 3  Survival of G. mellonella of 10 A. baumannii isolated from the 
survivors and 10 from the non-survivors
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blood culture, doctors usually use or change antibacte-
rial drugs according to the symptoms and other auxiliary 
examinations. Although all strains are resistant to car-
bapenems, carbapenems are still important therapeutic 
options for treating MDR-AB infections in China.

In this study, the most sensitive antibacterial drugs 
were tigecycline and polymyxin B. However, the Chinese 
expert consensus on polymyxins in the clinical practice 
was not introduced until 2019 [12]. Clinicians usually lack 
medication experience and medication guidelines before 
this, which made the drug not widely used in mainland 
China. Several studies have shown that polymyxin B has 
a certain effect on infections caused by MDR-AB [47, 48]. 
Still, due to the small number of our cases, further stud-
ies are needed.

The usage rate of tigecycline is much higher than that 
of polymyxin B. Although the use of tigecycline does 
not improve the prognosis of patients, the combina-
tion of cefoperazone/sulbactam and tigecycline is  still 
the most effective option. It has been reported that the 
combination of cefoperazone/sulbactam and tigecycline 
has synergistic effect in  vitro [49, 50]. This combina-
tion can effectively reduce the inflammatory response of 
patients with MDR-AB pulmonary infection and improve 
patients’ prognosis32169149. Our data suggest that this 
combination may also be suitable for the treatment of 
MDR-AB-induced bloodstream infections.

The pathogenicity of ST2 isolates was evaluated. ST2 
isolates from the survival and non-survival group isolates 
showed no statistical difference in the biofilm formation, 
serum resistance, and virulence models. A. baumannii is 
a hypovirulent opportunistic pathogen [51]. Neverthe-
less, in this study, we found that the virulence and serum 
resistance of ST2 was significantly higher than that of the 
model strain. Because ST2 has multidrug resistance and 
high pathogenicity, it is difficult to evaluate the respec-
tive contributions of virulence and drug resistance in the 
infection process.

This study has several limitations. Firstly, it was con-
ducted in a single center. Secondly, although cefopera-
zone/sulbactam and tigecycline were associated with 
lower mortality, the sample size was small. These findings 
need to be further validated by a larger multicenter study 
with a larger sample size.

Conclusion
ST2 is the dominant ST type of MDR-AB causing blood-
stream infection. BSI caused by ST2 A. baumannii strains 
represents a challenge for physicians, considering the 
high mortality associated with the infections. A priori 
prediction of resistance is difficult as the cultivation of 
A. baumannii from bloodstream infection takes a long 
time. Empiric coverage for ST2 strains is likely required 

even before determining antimicrobial susceptibility in 
critically ill patients. The combination of cefoperazone/
sulbactam and tigecycline may be used as an effective 
treatment option.

Abbreviations
BSI: Bloodstream infection; MDR-AB: Multidrug-resistant A. baumannii; ST: 
Sequence type; WHO: World Health Organization; MLST: Multi-locus sequence 
typing; OR: Odds ratio; CIs: Confidence intervals; MICs: Minimum inhibi-
tory concentrations; CFUs: Colony-forming units; SP-SDS: Single plate-serial 
dilution spotting; CLSI: Clinical and Laboratory Standards Institute; PBS: 
Phosphate-buffered saline; NHS: Normal human serum.

Acknowledgements
We thank the First Affiliated Hospital of Wenzhou Medical University for their 
cooperation.

Authors’ contributions
YKH, ZWL, XY, LWL, XWY, and ZTL contributed to the acquisition and analysis 
of the data. YKH wrote the initial draft of this paper. YKH performed statistical 
analyses. CLJ and CJM contributed to the study’s concept, the revision of this 
paper, and the final approval of the version to be published. All authors have 
read and approved the final manuscript.

Funding
This work was supported by the Major Projects of Wenzhou Science and 
Technology Bureau (ZY2019011) and the Zhejiang Province Natural Science 
Foundation of China (No. LY20H200004).

Availability of data and materials
All data generated or analyzed during this study are included in this 
manuscript.

Ethics approval and consent to participate
This study was approved by the First Affiliated Hospital of Wenzhou Medical 
University Ethics Committee. Informed consent was not needed due to the 
study’s retrospective nature; additionally, the patient data accessed in this 
research was anonymous. Therefore, the First Affiliated Hospital of Wenzhou 
Medical University Ethics Committee waived the need for consent.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 19 August 2020   Accepted: 22 December 2020

References
	1.	 Perez F, Endimiani A, Ray AJ, Decker BK, Wallace CJ, Hujer KM, Ecker DJ, 

Adams MD, Toltzis P, Dul MJ, et al. Carbapenem-resistant Acinetobacter 
baumannii and Klebsiellapneumoniae across a hospital system: impact 
of post-acute care facilities on dissemination. J AntimicrobChemother. 
2010;65(8):1807–18.

	2.	 Erbay A, Idil A, Gözel MG, Mumcuoğlu I, Balaban N. Impact of early 
appropriate antimicrobial therapy on survival in Acinetobacter baumannii 
bloodstream infections. Int J Antimicrob Agents. 2009;34(6):575–9.

	3.	 Maragakis LL, Perl TM. Acinetobacter baumannii: epidemiology, antimicro-
bial resistance, and treatment options. Clin Infect Dis. 2008;46(8):1254–63.

	4.	 Garnacho-Montero J, Dimopoulos G, Poulakou G, Akova M, Cisneros 
JM, De Waele J, Petrosillo N, Seifert H, Timsit JF, Vila J, et al. Task force on 
management and prevention of Acinetobacter baumannii infections in 
the ICU. Intensive Care Med. 2015;41(12):2057–75.

	5.	 Magiorakos AP, Srinivasan A, Carey RB, Carmeli Y, Falagas ME, Giske 
CG, Harbarth S, Hindler JF, Kahlmeter G, Olsson-Liljequist B, et al. 



Page 8 of 9Yu et al. Antimicrob Resist Infect Control           (2021) 10:16 

Multidrug-resistant, extensively drug-resistant and pandrug-resistant 
bacteria: an international expert proposal for interim standard definitions 
for acquired resistance. ClinMicrobiol Infect. 2012;18(3):268–81.

	6.	 Tacconelli E, Carrara E, Savoldi A, Harbarth S, Mendelson M, Monnet DL, 
Pulcini C, Kahlmeter G, Kluytmans J, Carmeli Y, et al. Discovery, research, 
and development of new antibiotics: the WHO priority list of antibiotic-
resistant bacteria and tuberculosis. Lancet Infect Dis. 2018;18(3):318–27.

	7.	 Dahdouh E, Hajjar M, Suarez M, Daoud Z. Isolated from lebanese patients: 
phenotypes and genotypes of resistance, clonality, and determinants of 
pathogenicity. Front Cell Infect Microbiol. 2016;6:163.

	8.	 Hamidian M, Nigro SJ. Emergence, molecular mechanisms and global 
spread of carbapenem-resistant. MicrobGenom. 2019. https​://doi.
org/10.1099/mgen.0.00030​6.

	9.	 Doi Y. Treatment options for carbapenem-resistant gram-negative bacte-
rial infections. Clin Infect Dis. 2019;69(Suppl7):S565–75.

	10.	 Russo A, Bassetti M, Ceccarelli G, Carannante N, Losito AR, Bartoletti 
M, Corcione S, Granata G, Santoro A, Giacobbe DR, et al. Bloodstream 
infections caused by carbapenem-resistant Acinetobacter baumannii: 
clinical features, therapy and outcome from a multicenter study. J Infect. 
2019;79(2):130–8.

	11.	 Guan X, He L, Hu B, Hu J, Huang X, Lai G, Li Y, Liu Y, Ni Y, Qiu H, et al. 
Laboratory diagnosis, clinical management and infection control of the 
infections caused by extensively drug-resistant Gram-negative bacilli: 
a Chinese consensus statement. ClinMicrobiol Infect. 2016;22(Suppl 
1):S15–25.

	12.	 Chinese Research Hospital Association Of Critical Care M, Chinese 
Research Hospital Association Of Evidence B, Translational Infectious D: 
[Chinese expert consensus on polymyxins in the clinical practice]. Zhon-
ghua Wei Zhong Bing Ji Jiu Yi Xue 2019, 31(10):1194–1198.

	13.	 Kim SW, Choi CH, Moon DC, Jin JS, Lee JH, Shin J-H, Kim JM, Lee YC, Seol 
SY, Cho DT, et al. Serum resistance of Acinetobacter baumannii through 
the binding of factor H to outer membrane proteins. FEMS MicrobiolLett. 
2009;301(2):224–31.

	14.	 Luke NR, Sauberan SL, Russo TA, Beanan JM, Olson R, Loehfelm TW, Cox 
AD, St Michael F, Vinogradov EV, Campagnari AA. Identification and char-
acterization of a glycosyltransferase involved in Acinetobacter baumannii 
lipopolysaccharide core biosynthesis. Infect Immun. 2010;78(5):2017–23.

	15.	 Russo TA, Luke NR, Beanan JM, Olson R, Sauberan SL, MacDonald U, 
Schultz LW, Umland TC, Campagnari AA. The K1 capsular polysaccharide 
of Acinetobacter baumannii strain 307-0294 is a major virulence factor. 
Infect Immun. 2010;78(9):3993–4000.

	16.	 Jacobs AC, Hood I, Boyd KL, Olson PD, Morrison JM, Carson S, Sayood 
K, Iwen PC, Skaar EP, Dunman PM. Inactivation of phospholipase D 
diminishes Acinetobacter baumannii pathogenesis. Infect Immun. 
2010;78(5):1952–62.

	17.	 Jin JS, Kwon S-O, Moon DC, Gurung M, Lee JH, Kim SI, Lee JC. Acineto-
bacter baumannii secretes cytotoxic outer membrane protein A via outer 
membrane vesicles. PLoS ONE. 2011;6(2):e17027.

	18.	 Gaddy JA, Arivett BA, McConnell MJ, López-Rojas R, Pachón J, Actis LA. 
Role of acinetobactin-mediated iron acquisition functions in the interac-
tion of Acinetobacter baumannii strain ATCC 19606T with human lung 
epithelial cells, Galleria mellonella caterpillars, and mice. Infect Immun. 
2012;80(3):1015–24.

	19.	 Yang C-H, Su P-W, Moi S-H, Chuang L-Y. Biofilm formation genotype-
phenotype correlation. Molecules. 2019;24(10):1849.

	20.	 Cerqueira GM, Kostoulias X, Khoo C, Aibinu I, Qu Y, Traven A, Peleg AY. A 
global virulence regulator in Acinetobacter baumannii and its control of 
the phenylacetic acid catabolic pathway. J Infect Dis. 2014;210(1):46–55.

	21.	 Zhou H, Yao Y, Zhu B, Ren D, Yang Q, Fu Y, Yu Y, Zhou J. Risk factors for 
acquisition and mortality of multidrug-resistant Acinetobacter bauman-
niibacteremia: a retrospective study from a Chinese hospital. Medicine. 
2019;98(13):e14937.

	22.	 Lee H-Y, Chen C-L, Wu S-R, Huang C-W, Chiu C-H. Risk factors and out-
come analysis of Acinetobacter baumannii complex bacteremia in critical 
patients. Crit Care Med. 2014;42(5):1081–8.

	23.	 Liu Q, Li W, Du X, Li W, Zhong T, Tang Y, Feng Y, Tao C, Xie Y. Risk and prog-
nostic factors for multidrug-resistant Acinetobacter baumannii complex 
bacteremia: a retrospective study in a tertiary hospital of West China. 
PLoS ONE. 2015;10(6):e0130701.

	24.	 Gu Z, Han Y, Meng T, Zhao S, Zhao X, Gao C, Huang W. Risk factors and 
clinical outcomes for patients with Acinetobacter baumanniibacteremia. 
Medicine. 2016;95(9):e2943.

	25	 Zhen X, StålsbyLundborg C, Sun X, Gu S, Dong H. Clinical and economic 
burden of carbapenem-resistant infection or colonization caused by Kleb-
siella pneumoniae, Pseudomonas aeruginosa, Acinetobacter baumannii: a 
multicenter study in China. Antibiotics (Basel, Switzerland). 2020;9(8):514.

	26.	 Yang YS, Chen HY, Hsu WJ, Chou YC, Perng CL, Shang HS, Hsiao YT, Sun 
JR. Overexpression of AdeABC efflux pump associated with tigecycline 
resistance in clinical Acinetobacter nosocomialis isolates. ClinMicrobiol 
Infect. 2019;25(4):512.e511-512.e516.

	27.	 Khoshnood S, Savari M, AbbasiMontazeri E, Farajzadeh Sheikh A. Survey 
on genetic diversity, biofilm formation, and detection of colistin resist-
ance genes in clinical isolates of. Infect Drug Resist. 2020;13:1547–58.

	28.	 Zhang D, Xia J, Xu Y, Gong M, Zhou Y, Xie L, Fang X. Biological features of 
biofilm-forming ability of Acinetobacter baumannii strains derived from 
121 elderly patients with hospital-acquired pneumonia. ClinExp Med. 
2016;16(1):73–80.

	29.	 Kim J, Lee J-Y, Lee H, Choi JY, Kim DH, Wi YM, Peck KR, Ko KS. Microbiologi-
cal features and clinical impact of the type VI secretion system (T6SS) 
in Acinetobacter baumannii isolates causing bacteremia. Virulence. 
2017;8(7):1378–89.

	30.	 Thomas P, Sekhar AC, Upreti R, Mujawar MM, Pasha SS. Optimization of 
single plate-serial dilution spotting (SP-SDS) with sample anchoring as 
an assured method for bacterial and yeast cfu enumeration and single 
colony isolation from diverse samples. Biotechnol Rep (Amsterdam, 
Netherlands). 2015;8:45–55.

	31.	 Peleg AY, Jara S, Monga D, Eliopoulos GM, Moellering RC, Mylonakis E. 
Galleria mellonella as a model system to study Acinetobacter bauman-
nii pathogenesis and therapeutics. Antimicrob Agents Chemother. 
2009;53(6):2605–9.

	32.	 Wu HG, Liu WS, Zhu M, Li XX. Research and analysis of 74 bloodstream 
infection cases of Acinetobacter baumannii and drug resistance. Eur Rev 
Med PharmacolSci. 2018;22(6):1782–6.

	33.	 Dijkshoorn L, Nemec A, Seifert H. An increasing threat in hospitals: 
multidrug-resistant Acinetobacter baumannii. Nat Rev Microbiol. 
2007;5(12):939–51.

	34.	 Karah N, Sundsfjord A, Towner K, Samuelsen Ø. Insights into the global 
molecular epidemiology of carbapenem non-susceptible clones of 
Acinetobacter baumannii. Drug Resist Updates. 2012;15(4):237–47.

	35.	 Nemec A, Krízová L, Maixnerová M, Diancourt L, van der Reijden TJK, 
Brisse S, van den Broek P, Dijkshoorn L. Emergence of carbapenem 
resistance in Acinetobacter baumannii in the Czech Republic is associated 
with the spread of multidrug-resistant strains of European clone II. J 
AntimicrobChemother. 2008;62(3):484–9.

	36.	 Li J, Fu Y, Zhang J, Zhao Y, Fan X, Yu L, Wang Y, Zhang X, Li C. The efficacy 
of colistinmonotherapy versus combination therapy with other antimi-
crobials against carbapenem-resistant ST2 isolates. J Chemother (Flor-
ence, Italy). 2020;32(7):359–67.

	37.	 Chuang Y-C, Sheng W-H, Lauderdale T-L, Li S-Y, Wang J-T, Chen Y-C, Chang 
S-C. Molecular epidemiology, antimicrobial susceptibility and carbapen-
emase resistance determinants among Acinetobacter baumannii clinical 
isolates in Taiwan. J MicrobiolImmunol Infect. 2014;47(4):324–32.

	38.	 Yang Y, Fu Y, Lan P, Xu Q, Jiang Y, Chen Y, Ruan Z, Ji S, Hua X, Yu Y. Molecu-
lar epidemiology and mechanism of sulbactam resistance in Acineto-
bacter baumannii isolates with diverse genetic backgrounds in China. 
Antimicrob Agents Chemother. 2018. https​://doi.org/10.1128/AAC.01947​
-17.

	39.	 Chen C-H, Kuo H-Y, Hsu P-J, Chang C-M, Chen J-Y, Lu HHS, Chen H-Y, Liou 
M-L. Clonal spread of carbapenem-resistant Acinetobacter baumannii 
across a community hospital and its affiliated long-term care facilities: a 
cross sectional study. J MicrobiolImmunol Infect. 2018;51(3):377–84.

	40.	 Levy-Blitchtein S, Roca I, Plasencia-Rebata S, Vicente-Taboada W, 
Velásquez-Pomar J, Muñoz L, Moreno-Morales J, Pons MJ, Del Valle-Men-
doza J, Vila J. Emergence and spread of carbapenem-resistant Acinetobac-
ter baumannii international clones II and III in Lima, Peru. EmergMicrob 
Infect. 2018;7(1):119.

	41.	 Chuang Y-C, Cheng A, Sun H-Y, Wang J-T, Chen Y-C, Sheng W-H, Chang 
S-C. Microbiological and clinical characteristics of Acinetobacter bauman-
niibacteremia: implications of sequence type for prognosis. J Infect. 
2019;78(2):106–12.

https://doi.org/10.1099/mgen.0.000306
https://doi.org/10.1099/mgen.0.000306
https://doi.org/10.1128/AAC.01947-17
https://doi.org/10.1128/AAC.01947-17


Page 9 of 9Yu et al. Antimicrob Resist Infect Control           (2021) 10:16 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	42.	 Vijayakumar S, Mathur P, Kapil A, Das BK, Ray P, Gautam V, Sistla S, Parija 
SC, Walia K, Ohri VC, et al. Molecular characterization & epidemiol-
ogy of carbapenem-resistant collected across India. Indian J Med Res. 
2019;149(2):240–6.

	43.	 Ben-Chetrit E, Wiener-Well Y, Lesho E, Kopuit P, Broyer C, Bier L, Assous 
MV, Benenson S, Cohen MJ, McGann PT, et al. An intervention to control 
an ICU outbreak of carbapenem-resistant Acinetobacter bauman-
nii: long-term impact for the ICU and hospital. Crit Care (Lond, Engl). 
2018;22(1):319.

	44.	 Batirel A, Balkan II, Karabay O, Agalar C, Akalin S, Alici O, Alp E, Altay FA, 
Altin N, Arslan F, et al. Comparison of colistin-carbapenem, colistin-
sulbactam, and colistin plus other antibacterial agents for the treatment 
of extremely drug-resistant Acinetobacter baumannii bloodstream infec-
tions. Eur J ClinMicrobiol Infect Dis. 2014;33(8):1311–22.

	45.	 Kumar A, Roberts D, Wood KE, Light B, Parrillo JE, Sharma S, Suppes R, 
Feinstein D, Zanotti S, Taiberg L, et al. Duration of hypotension before 
initiation of effective antimicrobial therapy is the critical determinant of 
survival in human septic shock. Crit Care Med. 2006;34(6):1589–96.

	46.	 Esterly JS, Griffith M, Qi C, Malczynski M, Postelnick MJ, Scheetz MH. 
Impact of carbapenem resistance and receipt of active antimicrobial 
therapy on clinical outcomes of Acinetobacter baumannii bloodstream 
infections. Antimicrob Agents Chemother. 2011;55(10):4844–9.

	47.	 Dickstein Y, Lellouche J, Ben Dalak Amar M, Schwartz D, Nutman A, Daitch 
V, Yahav D, Leibovici L, Skiada A, Antoniadou A, et al. Treatment outcomes 
of colistin- and carbapenem-resistant Acinetobacter baumannii infections: 
an exploratory subgroup analysis of a randomized clinical trial. Clin Infect 
Dis. 2019;69(5):769–76.

	48.	 Cheng A, Chuang Y-C, Sun H-Y, Sheng W-H, Yang C-J, Liao C-H, Hsueh 
P-R, Yang J-L, Shen N-J, Wang J-T, et al. Excess mortality associated with 
colistin-tigecycline compared with colistin-carbapenem combination 
therapy for extensively drug-resistant Acinetobacter baumanniibacte-
remia: a multicenter prospective observational study. Crit Care Med. 
2015;43(6):1194–204.

	49.	 Liu B, Bai Y, Liu Y, Di X, Zhang X, Wang R, Wang J. In vitro activity of 
tigecycline in combination with cefoperazone-sulbactam against 
multidrug-resistant Acinetobacter baumannii. J Chemother (Florence, 
Italy). 2015;27(5):271–6.

	50.	 Qin Y, Zhang J, Wu L, Zhang D, Fu L, Xue X. Comparison of the treatment 
efficacy between tigecycline plus high-dose cefoperazone-sulbactam 
and tigecyclinemonotherapy against ventilator-associated pneumonia 
caused by extensively drug-resistant Acinetobacter baumannii. Int J 
ClinPharmacolTher. 2018;56(3):120–9.

	51.	 Lee C-R, Lee JH, Park M, Park KS, Bae IK, Kim YB, Cha C-J, Jeong BC, Lee SH. 
Biology of Acinetobacter baumannii  pathogenesis, antibiotic resistance 
mechanisms, and prospective treatment options. Front Cell Infect Micro-
biol. 2017;7:55.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Bloodstream infections caused by ST2 Acinetobacter baumannii: risk factors, antibiotic regimens, and virulence over 6 years period in China
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study location and patient
	Study design and data collection
	Strains identification and antimicrobial susceptibility testing
	Multi-locus sequence typing (MLST)
	Biofilm formation
	Serum resistance assay
	Galleria mellonella larva infection assay
	Statistical analysis

	Results
	Clinical factors associated with 30-day mortality among patients with ST2 A. baumannii-induced BSI
	Antimicrobial susceptibility and MLST of A. baumannii
	Pathogenicity of A. baumannii

	Discussion
	Conclusion
	Acknowledgements
	References


