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Objective: We aimed to establish a tool for rapid identification of KL49 Acinetobacter 
baumannii.
Methods: Based on the capsular polysaccharide (CPS) synthesis genes database, we investi-
gated the distribution of K locus type 49 (KL49) genes in other KL types and established a rapid 
identification method for KL49. We collected 61 clinical carbapenem-resistant A. baumannii 
(CRAB) strains, identified KL49 by gtr100 detection, and used whole genome sequencing 
(WGS) for verification. A mouse pneumonia model was used to confirm the hypervirulence 
phenotype. We tested the presence of gtr100 gene in 165 CRAB strains from three provinces in 
China and evaluated the correlation of gtr100 carrying CRAB infection with mortality.
Results: The gtr100 gene is the CPS synthesis gene found only in KL49. We screened out 
nine WGS-validated KL49 strains from 61 CRAB clinical strains using polymerase chain 
reaction (PCR) to detect the gtr100 gene. The survival rates of KL49 strains were signifi-
cantly lower than nonKL49 strains in a mouse pneumonia model. The survival rates of LAC- 
4 gtr100 knockout strain decreased significantly. Analysis of phylogenetics showed the 
worldwide spread of KL49 A. baumannii. Infection of gtr100 carrying CRAB is an inde-
pendent risk for mortality (OR, 10.76; 95%CI: 3.08–37.55; p<0.001).
Conclusion: The hypervirulence phenotype of KL49 CRAB and the association with mortality 
highlight the urgent need for implementing control measures. The rapid identification assay has 
the potential to facilitate early medical intervention and worldwide surveillance.
Keywords: Acinetobacter baumannii, hypervirulent, K locus, Kaptive, mortality

Introduction
Acinetobacter baumannii is a gram-negative coccobacillus that can cause serious 
infections among critically ill patients, particularly in the intensive care unit (ICU) 
setting.1 Worldwide, A. baumannii accounted for up to 20% of infections in ICUs.2

In general, A. baumannii has been regarded as a low-grade pathogen. Most labora-
tory strains and clinical strains do not cause severe infections in immunocompetent 
mice, inducing only a self-limiting pneumonia with very limited local bacterial replica-
tion and systemic dissemination, even when a large inoculum is used.3,4 However, two 
studies have shown that some clinical carbapenem-resistant A. baumannii (CRAB) 
strains are lethal to immunocompetent mice and thus revealed the range of virulence in 
different strains of this pathogen5,6 LAC-4 is a hypervirulent strain that killed 100% of 
mice within 48 h after being inoculated with 108 colony-forming units (CFU).6 

Subsequently, there have been some reports about the outbreak and epidemic of 
A. baumannii with enhanced virulence7,8 However, based on multilocus sequence 
typing (MLST) genotyping, these hypervirulent strains are of different genotypes.7–9 
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Genomic analysis showed that these strains all shared 
a glycosylation gene cluster and type VI secretion system 
(T6SS), which was thought to be the potential virulence 
marker.7–9 Notably, the glycosylation gene cluster shared 
by these hypervirulent strains was part of K locus 49 
(KL49) CPS gene cluster, suggesting that the KL49 strain 
needs to be taken seriously.

In this study, we established a method for rapid identi-
fication of the KL49 strain and successfully screened out 
the hypervirulent strains from clinical strains. The relia-
bility of the method was verified by whole genome 
sequencing (WGS) and animal experiments. Finally, clin-
ical data analysis showed that KL49 A. baumannii infec-
tion is an independent risk for mortality.

Methods
K Loci Analysis
Capsular polysaccharide (CPS) synthesis gene cluster ana-
lysis was performed using A. baumannii K locus 
database.10 All available A. baumannii genomes from 
NCBI (as of 2019-08-04) were downloaded. Kaptive (ver-
sion 0.7.0) was used for KL type identification.10

Clinical Strains Collection and Phenotypic 
Characterization
Consecutive nonreplicate clinical strains of CRAB in the 
ICU of Shenzhen People’s Hospital in 2017 (n=61) were 
used for WGS and in vivo assay in this study. Shenzhen 
People’s Hospital is a medical center with 2500 beds in the 
Luohu district of Shenzhen, China. A VITEK-2 compact 
system (bioMérieux, Marcy-l’Étoile, France) was used to 
establish the strain identity and antimicrobial susceptibilities 
of the strains. All antimicrobial susceptibilities results were 
verified by broth microdilution method. The results were 
interpreted in accordance with the guidelines published by 
the Clinical and Laboratory Standards Institute (CLSI; docu-
ment M100-S26).11 The species identity of all strains was 
confirmed via matrix-assisted laser desorption/ionization 
mass spectrometry (bioMérieux, Marcy-l’Étoile, France).

WGS, Genomic Characterization and 
Phylogenetic Analysis
Bacteria from frozen stocks were cultured in Luria– 
Bertani (LB) broth overnight at 37°C with shaking 
(220 rpm). Overnight cultures were diluted 1/100 and re- 
cultured until the optical density at 600 nm (OD600) was 
0.6–0.8. Genomic DNA was extracted from each isolate 

using the SDS method.12 The bacterial genomes were 
sequenced using Illumina HiSeq 2500 platform (Illumina, 
San Diego, CA, USA), and fastp was used to remove low- 
quality and low-complexity reads, and polyG/polyX 
tails.13 The genomes were assembled with de novo 
SPAdes Genome Assembler (version 3.12.0).14 Virulence 
factors in the strains were identified by scanning the gen-
ome contigs against VFDB databases using ABRicate 
(version 0.8.7). Parsnp (version 1.5.2) was used to align 
the core genome and call the variants (SNP).15 Maximum 
likelihood tree was generated with RAxML v 7.0.4 using 
a GTRGAMMAI model.16 Online tool iTOL was used to 
display, manipulate, and annotate phylogenetic tree.17

gtr100 Deletion and Complement Mutant 
Construction
The LAC-4 knockout strain was constructed using the 
suicide vector pCVD442. Briefly, the apramycin resistance 
(Apr) gene and the flanking sequences of gtr100 was 
synthesized. The fragments were joined and cloned into 
the suicide plasmid pCVD442 to yield the plasmid 
pCVD442-Δgtr100:Apr, which was then transformed into 
Escherichia coli β2155, and then positive clones were 
selected on LB agar containing ampicillin (50 μg/mL) 
and apramycin (50 μg/mL). Next, conjugation between 
the recipient LAC-4 and the donor β2155/pCVD442- 
Δgtr100:Apr was performed to transfer the recombinant 
suicide plasmid pCVD442-Δgtr100:Apr from β2155 to 
LAC-4. Apramycin- and sucrose-resistant colonies were 
selected and screened by PCR.

The gtr100 complemented strain was constructed using 
the vector pWH1266. Briefly, the synthesized gtr100 
sequence was joined and cloned into the plasmid 
pWH1266 to yield the plasmid pWH1266:gtr100 which 
was then transformed into E. coli DH5a. Positive clones 
were selected on LB agar containing ampicillin (50 μg/ 
mL) and tetracycline (10 μg/mL). The isolated plasmid 
pWH1266:gtr100 was electroporated into LAC-4:Δgtr 
electrocompetent cells. The complemented LAC-4: 
Δgtr100Ωgtr100 strains were selected on LB agar with 
tetracycline (10 mg/mL) and confirmed by PCR.

Virulence Test in vivo
We used a pneumonia model of A. baumannii in mice to 
test the virulence of strains. Inbred C57BL/6 six to eight 
weeks old female mice under specificpathogen-free grade 
were purchased from Hunan SJA Laboratory Animal Co., 
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Ltd (Hunan, China). The mice were intraperitoneally 
anesthetized with pentobarbital sodium (75 mg/kg) and 
inoculated with 20 μL (2.5×108, 5×107, 1×107, 0 CFU) 
of A. baumannii by noninvasive intratracheal instillation 
under direct vision. The survival of the mice was observed 
for seven days post infection.5 All animal care and use 
protocols in this study were performed in accordance with 
the Regulations for the Administration of Affairs 
Concerning Experimental Animals approved by the State 
Council of People’s Republic of China. All animal experi-
ments in this study were approved by the Animal Ethical 
and Experimental Committee of the Army Military 
Medical University (Chongqing, Permit No. 2011–04) in 
accordance with their rules and regulations.

Clinical Data Collection and Analysis
CRAB clinical isolates (n=165) were collected from three 
provinces and used for univariable logistic regression ana-
lysis. We retrospectively used rapid identification tool of 
KL49 to test and collected demographic data, underlying 
diseases, sites of infection, comorbidities, invasive proce-
dures, antibiotics usage and clinical characteristics of the 
corresponding patients. The PCR protocol for identifying 
the presence of gtr100 was as follows: 20 μL reaction 
containing 1.0 μL of 2×SanTaq PCR Mix (with blue 
dye); 1.0 μL of bacteria culture (OD600=0.6–0.8); 1.0 μL 
(10 μM) of forward primer, 1.0 μL (10 μM) of reverse 
primer; 7.0 μL of sterilized ddH2O. Amplification condi-
tions were: denaturation at 95°C for four minutes; 95°C 
for 15 seconds, 60°C for 30 seconds, 72°C for 30 seconds 
(35 cycles); final extension at 72°C for five minutes. Taq 
DNA polymerase but not high fidelity and hotstart DNA 
polymerase was recommended. The primary outcome was 
all-cause in-hospital mortality following the onset of 
A. baumannii infection. Logistic regression was used for 
outcome analysis. Variables with a P-value ≤0.05 in the 
univariable regression were selected for multivariable 
analysis.

Results
By comparing the gene clusters of different KL in the 
Kaptive database, we found that only gtr100 gene was 
specific to KL49, suggesting that the detection of gtr100 
has the potential to be used to identify KL49 (Table 1). We 
performed KL type analysis of all 3341 A. baumannii 
genomes retrieved from NCBI. Of the 80 genomes that 
contained the gtr100 gene, 79 were identified as KL49 and 
one as KL52. Sixteen genomes without the gtr100 gene 

were identified as KL49. However, 14 of these genomes 
showed “low” and “none” confidence levels called by 
Kaptive, probably due to the poor-quality sequence assem-
bly (Table S1).

Nonrepetitive CRAB (n=61) strains collected from 
patients with confirmed A. baumannii infections were fro-
zen and stored by the clinical microbiology laboratory at 
the Shenzhen People’s Hospital. We then used forward 
primer (5ʹ-TTGAGAAGCTAAATTATGGCTCG-3ʹ) and 
reverse primer (5ʹ-GATAGCACAGAAATCCATAAAG 
GAA-3ʹ) to screen for the presence of gtr100, as 
a marker for KL49. Among them, the gtr100 gene was 
identified in nine of the strains by PCR assay. WGS results 
confirmed that the nine strains were KL49 (Table 2). 
Virulence gene analysis showed that most strains shared 
the same profile except: abaR was missing in isolates 
5121, 5122, 5123, 5127, 2096, 2092 and 2093; bap was 
missing in isolate 2096; and hemO was missing in isolates 
20881 and 20883 (Figure S1).

To verify the virulence differences between KL49 and 
nonKL49 strains, two KL49 strains (5122 and 2092) and 
three nonKL49 strains (7152, 71517 and 20859) were ran-
domly selected to test their virulence in the mouse model 
(Figure 1). ATCC17978 and LAC-4 was used as control. 
With an inoculum of 2.5×108 CFU, the survival with strains 
5122, 2092 and LAC-4 was 0% at 48 h, and at seven days 
was 60% with ATCC17978, 50% with 7152, 71517 and 
20859. With an inoculum of 5×107 CFU, survival was 0% 
with LAC-4 at 48 h; 10% with 5122 and 2092, 80% with 
ATCC17978 and 7152, 60% with 71517, and 90% with 

Table 1 Distribution of KL49 Capsular Polysaccharide (CPS) 
Synthesis Genes in Other KL Types

Gene Name Proportion Gene Name Proportion

wzc 92/92 gtr100 1/92

wzb 92/92 wzx 92/92

wza 92/92 fnlA 13/92
gna 92/92 fnlB 13/92

lgaA 14/92 fnlC 13/92

lgaB 14/92 gtr20 7/92
lgaC 14/92 qnr1 3/92

lgaD 8/92 itrB2 7/92
lgaE 8/92 itrA3 35/92

lgaF 14/92 galU 92/92

elaA 2/92 ugd 92/92
elaB 2/92 gpi 92/92

elaC 2/92 gne1 72/92

wzy 89/92 pgm 92/92
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20859 at seven days. With an inoculum of 1×107 CFU, 
seven-day survival was 10% with LAC-4, 40% with 5122, 
30% with 2092, 90% with 71517, 100% with ATCC17978 
and 7152. The survival rates of KL49 strains (LAC-4, 5122 
and 2092) were significantly lower than nonKL49 strains 
(7152, 71517, 20859 and ATCC17978) (Figure 1; P<0.0001 
by log rank test). With the aim of identifying the role of 
gtr100 in the virulence of KL49 A. baumannii, 
we constructed the gtr100 knockout and complemented 
strain of LAC-4. As shown in Figure 1D, with an inoculum 
of 1×108 CFU, seven-day survival was 0% with LAC-4, 
40% with gtr100 knockout strain and 10% with comple-
mented strain (P=0.0121 by log rank test). With an inocu-
lum of 1×107 CFU, seven-day survival was 20% with LAC- 
4, 100% with gtr100 knockout strain, and 40% with com-
plemented strain (P=0.0005 by log rank test). The survival 
rates of gtr100 knockout strain were significantly higher 
than LAC-4 (1×107 CFU, P=0.0003; 1×108 CFU, 
P=0.0118) and the complemented strain (1×107 CFU, 
P=0.0040 by log rank test).

Eighty-seven KL49 assembly genomes were used for 
phylogenetic tree construction, including 78 retrieved from 
NCBI with a “perfect” or “very high” confidence level 
called by Kaptive and nine genomes in this study. In the 
phylogenetic tree, KL49 strains are divided into two dis-
tinct clades that are prevalent in Americas and Asia, 
respectively. However, two strains from China and 
Thailand were found in the Americas clade and one strain 
from the Czech Republic was found in the Asia clade, 
representing the worldwide spread of KL49, probably via 
human travel (Figure 2).

Table 2 KL Types of 61 Clinical Carbapenem Resistant 
Acinetobacter baumannii Strains in This Study

Assembly Strain Best Match 
Locus

Match 
Confidence

GCA_007999645.1 1044 KL3 Very high

GCA_007999765.1 208210 KL77 Perfect
GCA_007999725.1 208211 KL77 Perfect

GCA_007999745.1 208212 KL77 Perfect

GCA_007999705.1 208213 KL77 Perfect
GCA_007999665.1 208214 KL77 Perfect

GCA_007999955.1 20821 KL77 Perfect
GCA_007999855.1 20822 KL77 Perfect

GCA_007999905.1 20823 KL77 Perfect

GCA_007999885.1 20824 KL77 Perfect
GCA_007999845.1 20825 KL77 Perfect

GCA_007999875.1 20826 KL77 Perfect

GCA_007999815.1 20827 KL77 Perfect
GCA_007999805.1 20828 KL77 Perfect

GCA_007999755.1 20829 KL77 Perfect

GCA_007999365.1 208510 KL3 High
GCA_007999525.1 20851 KL3 Very high

GCA_007999515.1 20852 KL3 Very high

GCA_007999505.1 20853 KL3 Very high
GCA_007999485.1 20854 KL3 Very high

GCA_007999465.1 20855 KL3 Very high

GCA_007999405.1 20856 KL3 Very high
GCA_007999395.1 20857 KL3 Very high

GCA_007999425.1 20858 KL3 Very high

GCA_007999375.1 20859 KL3 Very high
GCA_008000175.1 2087 KL3 High

GCA_007999985.1 20881 KL2 Very high

GCA_007999965.1 20882 KL2 Good
GCA_007999945.1 20883 KL2 Very high

GCA_007999625.1 2092 KL49 Very high

GCA_007999585.1 2093 KL77 Perfect
GCA_007999605.1 20941 KL3 Very high

GCA_007999635.1 20942 KL3 Very high

GCA_007999555.1 20943 KL3 Very high
GCA_008000185.1 2096 KL14 Low

GCA_008000165.1 5121 KL49 Very high

GCA_008000125.1 5122 KL49 Very high
GCA_008000095.1 5123 KL49 Very high

GCA_008000085.1 5124 KL49 Very high

GCA_008000065.1 5125 KL49 Good
GCA_008000075.1 5126 KL49 Very high

GCA_008000045.1 5127 KL49 Very high

GCA_008000025.1 5128 KL49 Very high
GCA_007999155.1 71510 KL3 Very high

GCA_007999145.1 71511 KL3 Very high

GCA_008000715.1 71512 KL3 Very high
GCA_007999045.1 71513 KL3 High

GCA_008000725.1 71514 KL3 High

GCA_007999055.1 71515 KL3 High

(Continued)

Table 2 (Continued). 

Assembly Strain Best Match 
Locus

Match 
Confidence

GCA_007999075.1 71516 KL3 High

GCA_008000225.1 71517 KL3 Very high
GCA_008000235.1 71518 KL3 High

GCA_007999345.1 7151 KL3 Very high

GCA_007999305.1 7152 KL3 Very high
GCA_007999275.1 7153 KL3 Very high

GCA_007999245.1 7154 KL3 Very high

GCA_007999295.1 7155 KL3 Very high
GCA_007999255.1 7156 KL3 Very high

GCA_007999225.1 7157 KL3 Very high

GCA_007999175.1 7158 KL3 Very high
GCA_007999165.1 7159 KL3 Very high
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A total of 165 clinical CRAB strains were collected 
from three provinces of China. All-cause in-hospital mor-
tality rate of 63.6% (21/33) in patients with gtr100+ 

CRAB infection and 24.2% (32/132) in patients with 
gtr100− CRAB infection. In the univariable logistic 

regression analysis, the significant variables (P<0.05) 
associated with all-cause in-hospital mortality were 
coma, solid malignancy, mechanical ventilation, high 
level of urea nitrogen (>7.5 mmol/L), C-reactive protein 
(>10 mg/L), procalcitionin (>2 μg/L), sepsis, shock and 

Figure 1 Virulence potential of Acinetobacter baumannii strains in a mouse infection model. (A–D) The effect of 2.5×108, 1×108, 5×107, 1×107 colony-forming units of each 
A. baumannii isolate (n=10; *P<0.05, **P<0.001, log-rank test) on survival was assessed in mouse. Strains 5122 and 2092 are two KL49 A. baumannii strains; 7152, 71517 and 
20859 are KL3 A. baumannii strains. LAC-4 is a KL49 hypervirulent A. baumannii strain reported in a previous study. LAC-4:Δgtr100 is a gtr100 knockout strain. LAC-4: 
Δgtr100Ωgtr100 is complemented strain. ATCC17978 is a KL3 A. baumannii strain.

Figure 2 Worldwide spread of KL49 Acinetobacter baumannii strains. (A) A phylogenetic tree of the 78 KL49 strains retrieved from NCBI and nine KL49 strains in this study. 
LAC-4 was used as reference. The colors of the isolate tips represent the country of isolation. STs are shown in the outer ring. (B) An unrooted version of the tree shown 
in (A).
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gtr100+ CRAB infection (Table 3). Multivariable logistic 
regression analysis showed that the significant indepen-
dent predictors for mortality were solid malignancy (OR, 
13.66; 95%CI: 3.03–61.47; P=0.001), urea nitrogen (>7.5 
mmol/L) (OR, 4.03; 95%CI: 1.31–12.39; P=0.015), sepsis 
(OR, 6.19; 95%CI: 1.61–23.84; P=0.008), Shock (OR, 
5.17; 95%CI: 1.79–14.88; P=0.002) and gtr100+ CRAB 
infection (OR, 10.76; 95%CI: 3.08–37.55; P<0.001) 
(Table 4).

Discussion
The relationship between capsular type and bacterial viru-
lence has been demonstrated in different bacteria. For 
Klebsiella pneumoniae, approximately 70% hypervirulent 
strains were of the K1 and K2.18–20

For A. baumannii, there have been many reports of KL49 
strains being more virulent than others.6–8 High virulence 
phenotype of KL49 may be explained by the existence of an 
unusual sugar legionaminic acid, which can be used to 
mimic the host cell surface and benefit to escape from host 
immune surveillance.21 In this study, a glycosyltransferase 
encoding gene gtr100 is highlighted because it is specifically 
present in the CPS gene cluster of KL49, and is regarded as 
a good candidate for rapid identification of KL49. Moreover, 
animal experiment proved that gtr100 is crucial to the viru-
lence of LAC-4, indicating that it has the potential to be 
a target of antivirulence.

Table 3 Univariable Logistic Regression Analysis of the Factors 
Associated with Mortality

Variables Odds Ratio 
(95%CI)

P-value

Demographics

Age (years)

30–50 0.58 (0.20–1.66) 0.306

> 50 2.48 (0 0.89–6.94) 0.083
Gender (male) 0.77 (0.36–1.61) 0.481

Infection Site

Bacteremia 1.22 (0.34–4.38) 0.755

Pulmonary infection 2.37 (0.91–6.16) 0.077
Urinary infection 1.23 (0.50–2.99) 0.652

Abdominal infection 1.28 (0.29–5.59) 0.739

Comorbidities

Cerebral vascular disease 0.81 (0.42–1.56) 0.523

Hypertension 1.61 (0.80–3.24) 0.179
Diabetes 1.63 (0.83–3.21) 0.159

Coma 3.43 (1.62–7.23) 0.001

Solid malignancy 5.60 (1.84–17.10) 0.002

Invasive Procedures

Mechanical ventilation 2.82 (1.25–6.37) 0.012
Central venous catheter 1.77 (0.87–3.58) 0.115

Foley catheter 2.14 (0 0.82–5.59) 0.122

Nasogastric tube 1.39 (0.64–3.06) 0.404

Clinical Characteristics

Leukopenia (<4×109/L) 3.78 (0.87–16.48) 0.076
Anemia (<10 g/dL) 1.36 (0.66–2.82) 0.407

Platelet count (<50×109/L) 

(<50×109/L) (<50×109/L)

3.61 (1.21–10.76) 0.021

Aspartate aminotransferase (>60 

IU/L)

1.44 (0.39–5.34) 0.584

Total bilirubin (>35 μmol/L) 1.24 (0.49–3.18) 0.648
Urea nitrogen (>7.5mmol/L) 3.19 (1.59–6.38) 0.001

C-reactive Protein (CRP)
10–50 mg/L 0.38 (0.18–0.78) 0.008

>50 mg/L 4.41 (2.13–9.16) < 0.001

Procalcitionin (PCT)

0.5–2 ug/L 0.53 (0.26–1.08) 0.08

>2 ug/L 3.02 (1.53–5.95) 0.001

Duration of ICU (days)

<7 1.56 (0.47–5.17) 0.465
7–30 1.18. (0.60–2.31) 0.627

>30 1.02 (0.48–2.19) 0.953

Antibiotic Treatment

Cefoperazone/sulbactam 0.93 (0.42–2.04) 0.86
Piperacillin/tazobactam 1.34 (0.67–2.68) 0.41

Carbapenems 1.12 (0.18–2.21) 0.057

(Continued)

Table 3 (Continued). 

Variables Odds Ratio 
(95%CI)

P-value

Quinolone 1.08 (0.54–2.15) 0.826

Third generation cephalosporins 0.71 (0.34–1.45) 0.342
Aminoglycoside 1.82 (0.81–4.09) 0.149

Minocycline 1.14 (0.47–2.77) 0.767

Tigecycline 3.12 (1.46–6.69) 0.053
Colistin 1.06 (0.09–11.93) 0.964

Tigecycline + carbapenems 2.97 (0.64–13.76) 0.165

Colistin + carbapenems 2.13 (0.13–34.79) 0.594
Carbapenems + aminoglycoside 0.41 (0.05–3.61) 0.423

Proportion of XDR strains 0.79 (0.38–1.64) 0.526

Continuous renal replacement 
therapy

2.74 (0.79–9.39) 0.111

Sepsis 5.13 (2.01–13.07) 0.001

Shock 9.52 (4.48–20.20) <0.001
Polymicrobial infection 1.18 (0.61–2.30) 0.622

gtr100+ 5.47 (2.42–12.33) <0.001
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Glycosyltransferases encoded by gtr genes are primar-
ily responsible for the linkages between sugars in CPS. 
There are two gtr genes (gtr20 and gtr100) located in 
KL49 locus. gtr20 glycosyltransferase, also encoded in 
KL8, KL9, KL49, KL54, KL63, KL108 and KL109 
(Table 1), forms the α-L-FucpNAc-(1→3)-D-GlcpNAc 
linkage.22

Previous study has confirmed that the structure of the 
polysaccharide isolated from LAC-4 was built of trisacchar-
ide repeating units α-L-FucNAc-3-α-D-GlcNAc-8-α-Leg5, 
7Ac,21 it is reasonable to speculate that gtr100 probably 
forms the α-D-GlcNAc-8-α-Leg5,7Ac linkage, and this link-
age may be closely related to the virulence of KL49 because 
the virulence of LAC-4 decreased significantly when gtr100 
was knocked out and gtr20 was retained. These inferences 
need to be verified by further experiments.

Although both previous studies and this study have 
demonstrated that KL49 A. baumannii is more virulent 
than nonKL49, the clinical characteristics of KL49 infec-
tion remain unclear. In general, A. baumannii is an 
opportunistic human pathogen that predominantly infects 
critically ill patients.1 However, due to the different 
virulence of different KL types, we have to regard 
them differently. Fatal outbreak of nosocomial infections 
caused by KL49 A. baumannii alerts the threat of this 
particular strain in clinic.7 Clinical characteristics analy-
sis showed that CRAB infections with strains carrying 
gtr100 were the independent predictors for mortality, this 
is consistent with the conclusion that KL49 is 
a hypervirulent strain. Moreover, phylogenetic analysis 
suggests that KL49 A. baumannii has spread worldwide 
(Figure 2). Therefore, the development of a rapid identi-
fication assay without the need for WGS in this study 
should be very useful in advising the clinician to imple-
ment strict control measures and medical intervention 

earlier in order to avoid transmission and improve the 
prognosis of infection. Meanwhile, a rapid identification 
tool also makes the surveillance of these hypervirulent 
CRAB strains more convenient and faster.

The question raised by this study is how gtr100 affects the 
virulence of KL49. Correlation of the genes found in the KL 
gene cluster and the CPS structure from the same isolate has 
successfully confirmed the functions of several genes or gene 
clusters involved in the bonds formed by the encoded 
glycosyltransferases.23 In view of the important role of 
gtr100 gene in virulence, further studies on its function are 
necessary.
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