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Abstract; Objective

virulence factors, and antimicrobial resistance profiles of hypervirulent

To characterize the clinical manifestations,
Klebsiella pneumoniae ( hvKp ) infections, thereby improving the
understanding of hvKp and informing evidence — based strategies for early
diagnosis and precise antimicrobial therapy. Methods A retrospective
analysis of 14 patients with hvKp infection admitted to the emergency
department of peking university first hospital between April 2021 and May
2023 was performed. Data on clinical characteristics, laboratory results,
virulence genes, and antimicrobial susceptibility were collected and
analyzed. Results All 14 patients with hvKp infections had community

- acquired cases, predominantly male (71.43% , 10 cases/14 cases)
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with a median age of 69 years. Diabetes mellitus was present in 78. 57% (11 cases/14 cases) of the patients. Clinical
features included varying degrees of liver injury and bacteremia in all cases, with 71.43% (10 cases/14 cases)
complicated by liver abscesses, 78.57% (11 cases/14 cases) by pulmonary infections, 57. 14% (8 cases/14 cases)
by acute kidney injury, 35.71% (5 cases/14 cases) requiring mechanical ventilation, and 35.71% (5 cases/
14 cases) resulting in mortality. Laboratory findings showed significantly elevated C — reactive protein ( CRP) and
neutrophil to lymphocyte ratio ( NLR) levels, which were 150.00 ~ 356.00 mg + L' and 9.04% ~ 66.97% ,
respectively. 92.86% (13 cases/14 cases) exhibiting decreased albumin levels upon admission, of which 50%
demonstrated a >20% decline by the next day. The string test was positive in 69.23% (9 cases/13 cases) of cases.
Virulence and resistance profiling via mNGS on three isolated strains revealed the presence of iwiA, iucABD, fimH, and
gaLF genes in all isolates, with two (66.67% ) carrying rmpA2. Among the 14 isolates, antimicrobial susceptibility
testing of 12 hvKp strains indicated high susceptibility to most antibiotics; however, two (14.29% ) were identified as
multidrug — resistant ( MDR) including one extended spectrumB lactamases ( ESBLs) producing strain and one
carbapenem resistant carbapenem resistant klebsiella pneumoniae ( CRKP) strain. Conclusion HvKp infections
predominantly affect male patients with diabetes, characterized by liver abscesses leading to metastatic infections at
multiple sites, rapid progression, and high mortality. Dynamic monitoring of albumin levels, the string test, and
imaging studies facilitate early detection. Although most hvKp strains remain highly susceptible to commonly used
antibiotics, vigilance against MDR strains is essential. Enhanced surveillance of high — risk populations and
individualized antimicrobial strategies are recommended.

Key words : hypervirulent Klebsiella pneumoniae; clinical characteristics; virulence factors; drug resistance analysis
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Table 1 Clinical characteristics of 14 patients with hypervirulent Klebsiella pneumoniae (hvKp) infection

Casel Case2 Case3 Case4 CaseS Case6 Case7 Case8 Case9 Casel0 Casell Casel2  Casel3 Casel4
SEX M M M F M M F M M F F M M M
Age( year) 78 57 57 51 80 75 91 44 92 71 74 43 68 69
Type of infection CA CA CA CA CA CA CA CA CA CA CA CA CA CA

DM, HT DM, HTN
Underlying disease 0 CHDs esophageal )\ cfm, "HIN DM DM DM, CHD DM DM, CHD DM Crolansio C’HD, ’
gallstone cancer gallstone carcinoma hyperlipidemia
Temprature ( °C ) 39.10 39.00 38.70 36.00 36.00 37.00 39.00 37.60 38.10 36.20 37.00 37.90 41. 80 40. 00
Liver abscess Yes Yes Yes Yes No No No Yes No Yes Yes Yes Yes Yes
Lung, Lung, Lung,
Other involved sites No Lung No  urinary urinary Lung wurinary Lung Lung  Lung No Lung Lung Lung
system system system

Bacteremia Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Septic shock No No No No No No Yes No No Yes No Yes Yes No
ALI Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
AKI Yes Yes No No Yes No No Yes No Yes No Yes Yes Yes
Mechanical ventilation No No No No No Yes No No Yes No Yes Yes No Yes
Outcome Recover Recover Recover Recover Recover Death  Death Recover Death  Death Death Recover Recover Recover
SOFA score 8 8 6 6 5 6 10 15 10 12 6 17 9 10

M, Male; F, Famale; CA, Community — acquired; DM, diabetes mellitus; HTN, hypertension; CHD, coronary heart disease; ALI, acute liver injury; AKI,
acute kidney injury
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Table 2 Laboratory data of 14 patients with hvKp infection

Casel  Case2  Case3  Case4 Case5 Case6 Case7 Case8 Case9 Casel0 Casell Casel2 Casel3 Caseld

String test + + - - - - + + + + + + + N/A
PLT(10° - L°1) 68.00 73.00 137.00 361.00 146.00 366.00 127.00 39.00 21.00 219.00 302.00 49.00 133.00 89.00
NLR 38.70 13.96 11.30 28.62 66.97 9.04 10.41  12.09 25.32 14.36 46.14 15.26 61.21 17.64
CRP (mg- L") 215.00 325.60 212.00 336.00 191.00 171.00 267.00 163.00 356.00 253.00 207.00 196.00 206.00 150.00
ALBI (g-L™") 33.70 38.20 42.80 29.10 25.10 32.20 32.00 27.90 22.90 36.70 27.60 36.70 35.40 26.90
ALB2 (g - L - 27.20 23.60 29.00 26.60 8.60 26.40 25.30 29.40 25.30 25.10 22.50 25.20 24.00 24.80
AALB (g - LY 6.50 14.60 13.80 2.50 16.50  5.80 6.70 -1.50 -2.40 11.60 5.10 11.50 11.40 2.10
GGT (IU - L") 171.00 88.00 119.00 155.00 94.00 48.00 16.00 102.00 116.00 37.00 146.00 327.00 130.00 150.00
PA (mg - L -1 19.00 86.00 140.00 42.00 54.00 69.00 53.00 <30.00 <30.00 48.00 <30.00 84.00 70.00 <30.00
Creatinine (umol - L™')  109.50 158.20 110.80 74.10 299.90 72.30 157.20 174.30 162.30 77.90 101.30 536.80 120.00 179.30
LDH (IU - L™") 373.00 306.00 154.00 434.00 265.00 218.00 625.00 657.00 274.00 285.00 983.00 1146.00 167.00 332.00
+, positive; —, negative; N/A, not applicable; PLT, platelet count; NLR, neutrophil - to — lymphocyte ratio; CRP, C - reactive protein; ALB1, albumin

on admission day 1;

min; LDH, lactate dehydrogenase

ALB2, albumin on admission day 2; AALB,

difference between ALB1 and ALB2; GGT, gamma — glutamyl transferase; PA, prealbu-

R3 14 ] hvKp G EE 1 2502
Table 3  Antimicrobial susceptibility testing results of 14 patients with hvKp infection.

Casel Case2 Case3 Case4 Case5 Case7 Case8 Case9 Casel0  Casell  Casel2  Casel3
MDR
ESBLs - - - - - - - + - - - -
CRKP - - - - ‘ - - - - - - -
Antibiotics
Amikacin S S S S S S S S S S S
Amp - Sul S S S S S S S S S S S
Aztreonam S S S S R S S R S S S S
Doxyeyeline S S S S - S S s S S S S
TMP - SMX S S S S S S S S S S S S
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Casel Case2 Case3 Cased Case5 Case7 Case8 Case9 Casel0  Casell  Casel2  Casel3

Ciprofloxacin S S R S R S S R S S S S
Meropenem S S S S R S S S S S S

Minocycline S S S S - S S S S S S S
Pip - taz S S S S R S S S S S S S
Gentamicin S S S S R S S S S S S S
Tigecycline S S S S S S S S S S S S
Cefepime S S S S R S S R S S S S
Cefuroxime S S S S R S S R S S S S
Cef — Sul S S S S R S S S S S S S
Ceftriaxone S S S S R S S R S S S S
Ceftazidime S S S S R S S R S S S S
Cefotetan S S S S R S S S S S S S
Tobramycin S S S S R S S R S S S S
Imipenem S S S S R S S S S S S S
Levofloxacin S S I S R S S I S S S S

I. Intermediate; R: Resistant; S: Susceptible; MDR: Multi — drug resistance; ESBLs: Extended spectrumf lactamases; CRKP: Carbapenem resistant

klebsiella pneumoniae; Amp —sul; Ampicillin — sulbactam; TMP — SMX: Trimethoprim — sulfamethoxazole; Pip — taz: Piperacillin — tazobactam; Cef — Sul ;

Cefoperazone — sulbactam
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