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Purpose: To investigate the clinical and microbiological characteristics of invasive and
hypervirulent Klebsiella pneumoniae (HvKP) in a teaching hospital in Southern China.
Patients and Methods: A total of 495 non-repetitive K. pneumoniae strains were isolated
from Dongguan People’s Hospital affiliated to Southern Medical University in 2018.
Multivariate analysis was performed using the patients’ clinical data to identify the risk
factors for HVKP.

Results: Eighty-one isolates were HVKP (16.4%, 81/495), of which 43 (53.1%) were
invasive HvKP, whereas 38 (46.9%) were non-invasive HvKP. The incidence of extended
spectrum beta-lactamases (ESBLs) in HVKP and classic K. preumoniae (cKP) were 7.4% (6/
81) and 28.0% (116/414), respectively (p<0.05). Multivariate analysis indicated that diabetes
mellitus (odds ratio [OR]=12.849, 95% confidence interval [CI]: 1.494-110.511, P=0.020)
was an independent risk factor for invasive HVKP infection. Altogether, 51.2% (22/43) of
invasive HVKP infections were treated with antimicrobial therapy combined with surgical
drainage, and achieved good prognosis. K1-ST23 HvKP accounted for a higher proportion of
invasive infections than non-invasive infections (P<0.05), but there was no statistical differ-
ence in the prognosis between the two groups (P>0.05). The most prevalent virulence genes
in HVKP were rmpA 98.7% (80/81), followed by rmpA2 (82.7%, 67/81), iroN (98.7%, 80/
81), and iutd 90.1% (70/81). There was no significant difference in the distribution of
virulence genes between invasive HVKP and non-invasive HvKP isolates (P>0.05).
Conclusion: Invasive HVKP infection in this study was positively associated with diabetes
as independent risk factors. Antibiotic therapy combined with surgical drainage is one of the
most effective treatment measures of HVKP infection. Adequate attention should be paid to
HvKP infection in clinical and microbiological laboratories.
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Introduction

Klebsiella pneumoniae is the main pathogen causing nosocomial infections, such as
bloodstream infections, pneumonia, and urinary tract infections.' Since the first
report of hypervirulent K. pneumoniae (HvKP) in Taiwan in 1986,% which is a new
variant of K. pneumoniae that differs from the classic K. pneumoniae (cKP), it has
been gradually attracting great attention. Various characteristics of HvKP, such as,
can cause serious infections not only in immunosuppressed patients but also in
healthy people; HVKP can quickly cause invasive infections, such as endophthalmitis,
meningitis, and neuritis.* Infections caused by HvKP are prone to spread to multiple
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organs; the appearance of the colony has high mucus
characteristics.” HvKP infections have gradually attracted
increased attention in the scientific literature and have been
mainly reported in Asia, but several cases have now been
reported worldwide in recent years. A multi-center research
report on HvKP showed that, from the data obtained from
10 teaching hospitals in mainland China, 37.8% of the 230
K. pneumoniae isolates were HvKP, indicating a higher
incidence of HVKP in mainland China.® In 2017, Chinese
scholars discovered a kind of K. pneumoniae with both high
drug resistance and high virulence in Hangzhou, Zhejiang
Province, which infected intensive care unit (ICU) patients
with a poor prognosis.” However, so far, there is almost no
research on HVKP infection in Dongguan, Guangdong.
still with
K. pneumoniae infection in the hospital ward of the research

However, there are many  patients
institute. The virulence factors, genotype characteristics,
and clinical data of infection have not been extensively
studied. Some earlier studies have shown that diabetes
may be an important host factor for liver abscess caused
by K. pneumoniae.*° Some special capsular serotypes, such
as K1, K2, and ST23, in multilocus sequence typing
(MLST) are highly related to HVKP.'®!!

This study aimed to systematically analyze the risk
factors, molecular characteristics, and patient mortality
rate of HvKP-induced Bloodstream infections (BSIs).
Specially, we analyzed the clinical characteristics of
patients with invasive HvKP infection in the Dongguan
area of Guangdong, China, and explored the relationship
between the genotype, resistance phenotype, and HvKP
infection.

Patients and Methods
Isolates and Antimicrobial Susceptibility
Test

A total of 495 isolates of K. pneumoniae from various
clinical specimens were collected from Dongguan People’s
Hospital from January to December 2018. Only the first
strain was collected from duplicate isolates from the same
patient. All isolates were identified by matrix-associated
laser desorption ionization-time of flight mass spectrome-
try (Vitek MS, Biomerieux, France) and stored at —80°C.
The antimicrobial susceptibility test was performed
using the Vitek 2 Compact system (Biomerieux, France).
The quality control isolates were Escherichia coli
ATCC25922 and K. pneumoniae ATCC700603.

Hypervirulent Phenotype Determination
and Serotype as Well as Virulence Gene

Detection

Isolates were inoculated onto Columbia Blood Agar and incu-
bated at 35°C for 24 h. The inoculation loop was used to
contact the surface of a single colony. The results were con-
sidered positive if the colony with a viscous mucilage string
with a length of >5 mm could be extracted; otherwise, the
results were considered negative. Serum capsule genes (K1,
K2, K20, K54, and K57) and virulence genes (rmpA, rmpA2,
iroN, and iutA) were amplified as previously described.'

Sequence Type Detection

MLST was performed following the protocol described on
the Pasteur Institute MLST website (https://bigsdb.pasteur.
fr/klebsiella/klebsiella.html).

Clinical Data and Definition

A standard medical record form was designed. The clinical
information of 81 HvKP infected patients was obtained
from their medical records. Invasive infections are defined
as infections with K. pneumoniae isolated from the blood-
stream or abscesses (liver abscess, brain abscess, lung
abscess, and endophthalmitis). Other infections, such as
urinary system infections and skin and soft tissue infec-
tions, are referred to as non-invasive infections.

Statistical Analysis

Continuous variables were compared with the Student’s
t-test (for normally distributed variables) or the Mann—
Whitney U-test (for non-normally distributed variables)
and presented as the mean + standard deviation or median.
Categorical variables were evaluated using the ° test or
two-tailed Fisher’s exact test. Logistic regression models
were used to analyze the risk factors. All variables with
a P-value<0.10 in the univariate analysis were included in
the multivariate analysis. All tests were two-tailed, with
a significance level set at p<0.05. SPSS 20 (SPSS Inc.,
Chicago, IL, USA) software was used for data analysis.

Results
Microbiological Characteristics of HYKP

Isolates

As shown in Figure 1, the resistance ratios of HvKP isolates
against ampicillin/sulbactam, cefazolin, ceftazidime, cef-
triaxone, cefepime, aztreonam, gentamicin, tobramycin,
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Figure | Resistance rate of hypervirulent Klebsiella pneumoniae and classic Klebsiella pneumoniae.

levofloxacin, and sulfamethoxazole-trimethoprim were sig-
nificantly lower than that of cKP isolates (all P < 0.05). The
extended spectrum beta-lactamase (ESBL)-producing rates
of HvKP isolates were (7.4%, 6/81) lower than those of
(28.0%, 116/414) (P<0.05). No carbapenem-resistant HvKP
was isolated.

The predominant sequence types of the 81 HvKP iso-
lates were ST23 (20/81, 21.9%), followed by ST86 (11/81,
12.1%) and ST218 (9/81, 9.9%). The frequency of ST23 in
invasive HVKP isolates (34.9%, 15/43) was significantly
higher than that of non-invasive HvKP isolates (13.2%, 5/
38) (p<0.05). Three new ST types, ST1049, ST1333, and
ST3816, of invasive HvVKP isolates were identified.

The main capsular serotype was K2 (27.5%, 25/81), fol-
lowed by K1 (24.2%, 22/81), K20 (5.5%, 5/81), K54 (14.3%,
13/81), K57 (21.9%, 20/81), and K5 (6.6%, 6/81). The fre-
quency of K1 type identified in invasive HvVKP isolates was
significantly higher than that of non-invasive isolates, whereas
those of the K20 and K54 serotypes were opposite (p <0.05).
Among the 81 HVKP isolates, 90.12% (73/81) of the isolates
showed positive results in the wire drawing test; the positive
rate of virulence genes was 87.7%, and the virulence gene
detection rates for rmpA, rmpA2, iroN, and iucA were 98.7%
(80/81), 82.7% (67/81), 98.7% (80/81), and 90.1% (70/81),
respectively. If the wire drawing test was negative, 8 isolates
carried virulence genes, accounting for 9.8% (8/81) of all
HvKP isolates, whereas if the wire drawing test was positive,
3 isolates did not carry virulence genes, accounting for 3.7%
(3/81). K1 is highly correlated with ST23, and both contain 4
virulence genes, followed by K2 ST86; the distribution of

virulence genes is rmpA+rmpA2+iroN+iucA, accounting for
72.2 (8/11), and rmpA/iroN accounting for 27.8%, 3/11, inva-
sive HVKP, and non-invasive HvVKP isolates were in the total
virulence gene distribution. No significant difference (p>0.05)
(Table 1 and Figure 2).

Clinical Features of HvKP Infection

A total of 81 out of 495 isolates (16.4%) of K. pneumoniae
collected were determined to be HVKP through a positive wire
drawing test and a positive virulence gene from January 1,
2018 to December 31, 2018. The 81 HvKP isolates were
mainly from the sputum (39.6%, 36/81), followed by blood
(24.8%, 20/81), liver abscess drainage (16%, 13/18), urine
(8.7%, 7/81), pus (4.9%, 4/81), wound secretions (2.5%, 4/
81), alveolar lavage fluid (1.2%, 1/81), pleural fluid (1.2%, 1/
81), and ear secretions (1.2%, 1/81). The bloodstream infec-
tions caused by HVKP mainly occurred in ICU (20.9%, 9/43)
and general surgery (27.9%, 12/43) patients. Among the 81
HvVKP isolates, 53.08% (43/81) were classified as invasive
and highly virulent K. pneumoniae, and 46.92% (38/81) were
classified as non-invasive HVKP (Figure 3).

According to the clinical characteristics of the 81 HvKP
isolates shown in Table 2, there were 57 male and 24 female
patients, with an average age of 59+17.03 years. Regarding
the patients’ general diseases, a statistical difference was
found in the distribution of hypertension, lung disease, ner-
vous system disease, and cardiovascular disease between
invasive HVKP and non-invasive HvKP patients (P<0.05).
The frequency of invasive HVKP was significantly higher
than that of non-invasive HvKP in patients with liver disease
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Table | Hypervirulent K. pneumoniae Capsule Serotype and
Virulence Gene Spectrum Distribution

(51.16% vs 13.16%), with diabetes (48.83% vs 26.32%), and
undergoing invasive procedures (55.81% vs 10.52%).
Fifty percent (22/43) of invasive HVKP infected patients
were mainly treated with abscess drainage combined with
antibiotics, especially carbapenems. There were significant
differences in the treatment outcomes between the two
groups (P<0.05). The frequency of K1-ST23 was higher in
invasive HvKP isolates than in non-invasive HvKP isolates
(P<0.05), but there was no significant difference in the prog-
nosis between the two groups (P>0.05).

In the Kaplan—Meier survival curve in Figure 4, there
was no difference in the hospital fatality rate between
bloodstream infection cases with HvKP and non-
bloodstream infection cases with HVKP (P=0.7303).

Risk Factor Analysis

On univariate analysis, capsular serotype K1, hyperten-
sion, diabetes, lung disease, nervous system disease, car-
diovascular system disease, liver disease, mechanical
ventilation, and catheter drainage were significant risk
factors for invasive HvKP infection (P<0.1). On multi-
variate regression analysis, hypertension (odds ratio [OR]
=0.041, 95% confidence interval [CI]: 0.004-0.385,
P=0.005)and cardiovascular disease (OR=0.025, 95% CI:
0.001-0.94, P=0.046)were negatively correlated with inva-
sive HVKP, diabetes (OR=12.849, 95%CI: 1.494-110.511,
P=0.02) was independently associated with invasive HvKP
infection (Table 3).

Discussion

Recently, many countries have reported infectious diseases
due to HvKP, which had attracted worldwide attention.
Epidemiological data indicate that HvKP is highly prevalent
in Asian populations,® suggesting that there may be differ-
ences in host gene susceptibility or different levels of anti-
biotic exposure among different regions. Given that cases of
HvKP causing bloodstream infections have increased, in this
retrospective study, we systematically analyzed 81 HvKP
cases in a tertiary teaching hospital in southern China and
further compared the clinical and microbiological character-
istics between HvKP-BSI and non-HvKP-BSI. Owing to the
regional differences in HvKP-BSI, this study systematically
analyzed the risk factors of aggressive HvKP, its molecular
characteristics, and patient mortality, and provided evidence
for the prediction and diagnosis of HvKP infection in the

southern region.

K-Type | MLST Number | The wire | Virulence Gene
drawing
test
Kl ST23 22 + rmpA+rmpA2+iroN
+iucA (100%)
K2 ST25 5 -+ rmpA+rmpA2+iroN
+iutA (2 isolates);
rmpAliroN/iucA (2
isolates)rmpA/iroN
(I strain)
STé65 4 -+ rmpA+rmpA2+iroN
+iucA (100%)
ST86 I -1+ mpA+mpA2+iroN
+iucA (8 isolates);
mpA/iroN (3 isolates)
ST374 | -+ rmpA+rmpA2+iroN
+iucA (100%)
ST375 3 -+ rmpA+rmpA2+iroN
+iucA (100%)
K57 ST218 9 -1+ rmpA+rmpA2+iroN
+iucA (100%)
ST412 6 + rmpA+rmpA2+iroN
+iucA (100%)
ST592 2
STI182 | rmpA+rmpA2+iroN
+iucA (100%)
unknown | 2 -+ rmpA+rmpA2+iroN
+iucA (100%)
K20 ST420 [ _ rmpA+rmpA2+iroN
+iucA (100%)
ST268 2 + rmpA+rmpA2+iroN
+iucA (100%)
11 | + rmpA+rmpA2+iroN
+iucA (100%)
893 | + rmpA+rmpA2+iroN
+iucA (100%)
K5 60 | + rmpA/iroN/iucA
485 | - rmpA+rmpA2+iroN
+iucA (100%)
1049 | rmpAliroN
1333 | rmpAliroN
unknown | 2 rmpA+rmpA2+iroN
+iucA (100%)
K54 ST23 | + rmpA+rmpA2+iroN
+iucA (100%)
ST45 [ + rmpA+rmpA2+iroN
+iucA (100%)
ST454 | - iucA
ST2262 [ + rmpAliroN
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Figure 2 Comparison of the molecular characteristics between invasive and non-invasive hypervirulent Klebsiella pneumoniae (HvKP) infections.

Compared with the antibiotic resistance rates of cKP,
the rates of HVKP were much lower. Although no carba-
penem-resistant HVKP was found in our samples, 6 out of
81 HvKP isolates produced ESBLs (7.4%). Thus, more
attention should be paid to ESBLs and KPC-HvKP, which
also appeared in China.'* ESBL-producing HVKP may
originate from isolates colonized in the host’s respiratory
tract or intestine, or acquired resistant plasmid from other
ESBL-producing Enterobacteriaceae. Infection with these
highly invasive and resistant gene-producing isolates will
increase the difficulty and cost of treatment. Therefore,
antibacterial drugs should be used rationally, surveillance
should be strengthened, and control measures should be
implemented to reduce the prevalence in the hospital.

Contrarily, new antibacterial drugs may be a good treat-
ment option.'”> Some new products of natural origin
against K. pneumoniae were reported to be useful in hos-
pital settings.'®2°

According to the clinical characteristics of invasive and
non-invasive HVKP, fifty percent (22/43) of patients with
invasive HvVKP infection were mainly treated with anti-
biotics combined with abscess drainage, and their prog-
nosis was good. Additionally, although the overall drug
susceptibility of HVKP was lower than that of cKP, the
clinical symptoms of HvKP-induced infections were very
serious, especially bloodstream infections. This suggests
the need for timely application of carbapenem drugs and
puncture drainage to improve patient prognosis.

Patient ith K. jae infecti .. . [ .
atients wi (I;l);f;t;?;omae fiection P Antimicrobial susceptibility testing
. string test and virulence genes
V‘ screening
. . . . 1 MLST
81 patients included in this study > Capsular serot}fpe fmd S
determination

v

v

43 patients with invasive HvKP

38 patients with non-invasive HvKP

Figure 3 Flowchart of the included patients with hypervirulent Klebsiella pneumoniae (HvKP).
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Table 2 Univariate Analysis for Identifying the Predictors of
Invasive HVKP Infection

Variables Invasive Non- P-value
HvKP Invasive
(43) HvKP (38)
Demographics
Male sex 30 (69.76) | 27 (71.05) 0.229
Age, >60 years 17 (39.53) | 20 (52.63) 0.238
Length of hospital stay at 18 (18.00) | 22 (35.75) 0.424
the time of infection (day)
Underlying disease
Hypertension 5 (11.63) 20 (52.63) <0.001
Urinary tract infection 11 (25.58) | 10 (26.32) 0.94
Lung disease 15 (34.88) | 23 (60.52) 0.021
Smoking and drinking 4 (9.3) 5 (13.16) 0.728
history
Neurologic disease 3 (6.98) 17 (44.74) <0.001
Cardiovascular disease 1 (2.32) 10 (26.32) 0.002
Agranulocytosis 1 (2.32) 0 1.0
Splenectomy 2 (4.65) 0 0.496
Peritonitis 6 (13.95) 1 (2.63) 0.114
Liver disease 22 (51.16) | 5 (13.16) <0.001
Diabetes mellitus 21 (48.83) | 10 (26.32) 0.037
Tumor disease 10 (23.25) | 6 (15.79) 0.4
Invasive procedures
Mechanical ventilation 10 (23.25) | 16 (42.11) 0.07
Catheter drainage 24 (55.81) | 4 (10.52) <0.001
Thoracentesis 10 (23.25) | 9 (23.68) 0.964
Lumbar puncture 3 (6.97) 13 (30.23) 0.002
Tracheotomy 10 (23.25) | 12 (31.58) 0.401
Therapy
Hormone therapy 7 (16.27) 2 (5.26) 0.162
Monotherapy 9 (20.93) 5 (13.15) 0.356
Combination therapy 34 (79) 33 (86.84) 0.356
Antibiotic therapy 22 (50%) 2 (4.4%) <0.001
combined with puncture
drainage
Antibiotic therapy before 4 (9.3) 0 0.119
cultivation
Antibiotics
Enzyme inhibitor complex 14 18 0.174
Quinolones 6 0.816
Carbapenems 17 0.001
Cephalosporins 6 5 0917
Prognosis
Death 3 (6.97) 4 (10.52) 0.701
Improved 33 (76.74) | 26 (68.42) 0.401
Abandoned treatment 7 (16.28) 8 (21.05) 0.581
(Continued)

Table 2 (Continued).

Variables Invasive Non- P-value
HvKP Invasive
(43) HvKP (38)
Capsular serotype
Kl 18 (41.86) | 4 (10.52) 0.002
K2 13 (30.23) | 11 (28.95) 0.899
K57 10 (23.25) | 10 (26.32) 0.75
MLST
ST23 15(34.88) | 5 (13.16) 0.04
ST86 5(11.63) 6 (15.79) 0.585
ST218 5(11.63) 4 (10.52) 1.0
Virulence positive (rmpA/rmpA2/iroN/iutA)
Positive for the 4 virulence | 38 (88.37) | 31 (81.58) 0.39
genes

A previous study on risk factors for HvKP infections
reported that patients with community-acquired infections
and underlying diseases, such as diabetes, cancer, and
hypertension, are more likely to develop HvKP infections.
Men may be slightly more likely to be infected than
women are.>' Poor blood sugar control impairs the phago-
cytic ability of neutrophils and promotes the growth of
pathogens in the tissues, whereas metabolic disorders
damage the liver.?'** However, in this study, diabetes
mellitus as an independent risk factor for invasive HvKP,
hypertension and cardiovascular disease was negatively
correlated with invasive HvKP. This indicates that clini-
cians should pay attention to patients with the above-
mentioned underlying diseases, as they are susceptible to
HvKP bloodstream infections.

As an essential substance of K. pneumoniae, the cap-
sular polysaccharide has 82 serotypes (K1-K82).'':*?
Previous studies have reported that the dominant serotypes
of HVKP are mainly K1 and K2.°?* The majority of
serotypes of HVKP in this study were K2 (27.5%, 25/81),
followed by K1 (24.2%, 22/81), and K57 (21.9%, 20/81).
The prevalence rate of K57 was equivalent to that of K1.
Although other studies reported that the detection rates of
K57 varied across regions (9.6% (8/84) in Wenzhou,?
13.6% (3/22) in Changsha,*® 10.4% (10/96) in Beijing,*’
and 18.9% (7/37) in Shanghai*®). Additionally, the K1
serotype was mainly related to liver abscess disease,
whereas the K2 serotype was related to aggressive or
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Figure 4 Kaplan—Meier curve showing the effect of invasive and non-invasive HvKP
infections on mortality.

bloodstream infection,” although these findings had not
been confirmed, and further research is needed.

ST23 or its single-point variation is closely related to
K1 serotype isolates and pyogenic liver abscess, whereas
ST65 is related to K2 isolates.>® The sequence type of
invasive HvKP in this study was mainly K1-ST23, and
there may be a certain epidemic clone dissemination. K2
was predominant in ST86, which is inconsistent with the
abovementioned research. Thus, clinical departments must
pay attention to infections caused by HvKP, especially to
prevent metastasis caused by the invasive HvKP blood-
stream infection.

Screening of HVKP found that a total of 8§ isolates
(9.8%, 8/81) were negative in the wire drawing test and
positive in the presence of virulence genes, whereas 3
isolates (3.7%, 3/81) without virulence genes were posi-
tive in the wire drawing test. This suggested that the
drawing experiment had limitations, which was consistent

with the findings of previous studies.>'*? Hence, in this
study, the definition of HvKP was based on the following
aspects: positive wire drawing test, positivity of rmpA/
rmpA2/iroN genes, and/or positivity of the aerobactin
gene. Although virulence factors were not always HvKP,
they served as a warning for invasive HvKP bloodstream
infection, which requires long-term follow-up of treat-
ment, maximizing the possibility of successful treatment
and minimizing the recurrence rate.>'~** The total positive
rate of virulence genes in this study was as high as 87.7%
(71/81), and the detection rates of the four virulence genes
were 98.7% (80/81), 82.7% (67/81), 98.7% (80/81), and
90.1% (70/81) for rmpA, rmpA2, iroN, and iucA, respec-
tively. The rmpA gene regulates the synthesis of extracel-
lular polysaccharide capsules and is responsible for their
high viscosity. The ablation of rmpA may cause loss or
thinning of the capsule, thereby weakening the ability to
evade the immune responses, which leads to reduced viru-
lence of the bacteria.>*** Although there was no signifi-
cant difference in the distribution of virulence genes
between invasive and non-invasive HVKP isolates
(p>0.05), the high positive rate in virulence genes greatly
increased the virulence of invasive HvVKP and made its
clinical treatment more difficult. A recent study’' showed
that the iroB, iucA, rmpA, rmpA2, peg-344, and peg-589
genes on virulence plasmids can be used to distinguish
HvKP and cKP isolates with high accuracy. These genes
can also accurately predict mortality in mouse sepsis mod-
els. This is also a shortcoming of this study. The present
investigation was a retrospective study, and a mouse
model was not performed to confirm the true virulence
of HVKP. Future research should analyze a larger sample
and number of virulence genes for testing.

Table 3 Univariate and Multivariate Logistic Regression Analysis of Invasive HV K. pneumoniae

Variables Univariate Analysis Multivariable Analysis
OR (95% CI) P-value OR (95% CI) P-value

Kl 6.120 (1.843-20.323) 0.003 11.537 (0.992-134.114) 0.051
Hypertension 0.118 (0.038-0.366) <0.001 0.041 (0.004-0.385) 0.005
Lung disease 0.349 (0.142-0.862) 0.023 0.25 (0.041-1.511) 0.131
Neurologic disease 0.093 (0.024-0.352) <0.001 0.139 (0.013-1.544) 0.108
Cardiovascular disease 0.067 (0.008-0.55) 0.012 0.025 (0.001-0.94) 0.046
Liver Disease 6.914 (2.268-21.076) 0.001 1.282 (0.202-8.119) 0.792
Diabetes mellitus 2.673 (1.047-6.825) 0.04 12.849 (1.494-110.511) 0.02
Mechanical Ventilation 0.417 (0.16—1.085) 0.073 0.424 (0.045-3.949) 0.451
Catheter drainage 10.737 (3.24-35.582) <0.001 8.877 (0.945-83.43) 0.056
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In conclusion, although this study did not isolate
carbapenem-resistant HvVKP, despite the annual increase
in HVKP cases with carbapenem-resistant genes, such as
blaxpc among hospitals in China,>® carbapenem-
resistant HvVKP would become a serious problem in
nosocomial infections, and more control measures
should be applied to prevent its dissemination. HVKP
acquiring antibiotic-resistant genes, a highly virulent
and highly resistant organism will become another
“super bacteria”.>® This study focused on the analysis
of the clinical characteristics and homology of invasive
HvVKP isolated from patients with bacteremia. Our find-
ings may guide clinicians to pay more attention to
infections caused by HvKP. Moreover, laboratory per-
sonnel should also pay special attention to the detection
of the of

K. pneumoniae and timely communication with the clin-

high-virulence, high-mucus phenotype
ical staff to reduce the adverse prognosis of patients and

prevent its dissemination in the hospital.
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