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The Brief Case: A renal abscess caused by ST35-KL108, a strain of 
multidrug-resistant hypervirulent Klebsiella pneumoniae
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CASE

T he patient was an 86-year-old woman with hypertension, type 2 diabetes mel­
litus, and coronary artery disease. She presented to the hospital with a high 

fever, reaching a maximum temperature of 39.3°C, along with an altered conscious­
ness (Glasgow Coma Scale [GCS] score of 13/15 [E4V4M5]). The patient underwent 
a comprehensive blood test that included a complete blood count, liver function 
tests, and coagulation function tests. The results revealed a neutrophil count (NE#) of 
7.07 × 109 /L, a lymphocyte count (LY#) of 0.62 × 109 /L, and a C-reactive protein 
(CRP) level of 164.8 mg/L, indicating significant inflammation. An abdominal compu­
ted tomography (CT) was also performed. The initial diagnosis included fever and 
impaired consciousness, sepsis, acute kidney damage, and cardiac dysfunction. Empirical 
antimicrobial therapy with meropenem (1 g intravenously q12h) was administered, along 
with diuretics for potassium reduction and nutritional support. On the second day after 
admission, CRP was as high as 106.4 mg/L, and procalcitonin levels were measured 
at 83.81 ng/mL. Blood cultures were performed, and on the fifth day, Klebsiella pneumo­
niae subsp. pneumoniae was isolated. Urine cultures were negative. The patient was 
continued on intravenous meropenem treatment.

Taking into account the patient’s clinical symptoms at disease onset were a high 
fever and altered consciousness, accompanied by a Sequential Organ Failure Assess­
ment (SOFA) score of 4, sepsis was considered a possible diagnosis. This necessitated 
further investigation to ascertain the underlying pathogen and evaluate any potential 
organ impairment. To exclude the possibility of co-infection, metagenomic next-genera­
tion sequencing (mNGS) of plasma was conducted on the fourth day after admission, 
identifying K. pneumoniae with 320 reads (40.21%). Furthermore, the dynamic changes 
in the right renal CT provide a reliable imaging basis for the clinical diagnosis of 
renal abscess, as detailed below. An abdominal CT conducted on the fifth day after 
admission revealed two mass-shaped lesions in the right kidney, which have expanded 
compared with the lesions on the day of admission, with partial absorption of the 
high-density exudative shadows (Fig. 1A). On the 10th day after admission, the patient 
underwent ultrasound-guided percutaneous drainage of her renal abscess using a pigtail 
catheter. The procedure revealed the presence of sanguinopurulent fluid (Fig. 1B), which 
tested positive on the Rivalta test. This result indicates that the fluid is classified as an 
exudate, thereby suggesting the presence of an inflammatory process. K. pneumoniae 
(DT20240104 JSZ.K.p.X, Genbank accession no. CP158191.1, no. CP158192.1, and no. 
CP158193.1) was isolated from aspirated fluid and had a positive string test result 
(Fig. 1C). The isolate was an (extended-spectrum β-lactamases) ESBL-producing and 
multidrug-resistant (MDR) (1) hypervirulent K. pneumoniae (hvKp). Drug susceptibility 
testing, with the standards released by the Clinical and Laboratory Standards Institute 

May 2025  Volume 63  Issue 5 10.1128/jcm.02057-24 1

Editor Erin McElvania, Endeavor Health, Evanston, 
Chicago, Illinois, USA

Address correspondence to Xin Wang, 
wangxin@icdc.cn, or Zhihai Chen, 
chenzhihai0001@126.com.

Fang Qian, Dongyue Lyu, and Jiazhen Guo 
contributed equally to this article. Authors are listed 
alphabetically by last name.

The authors declare no conflict of interest.

Published 14 May 2025

Copyright © 2025 Qian et al. This is an open-access 
article distributed under the terms of the Creative 
Commons Attribution 4.0 International license.

https://www.ncbi.nlm.nih.gov/nuccore/CP158191.1/
https://www.ncbi.nlm.nih.gov/nuccore/CP158192.1/
https://www.ncbi.nlm.nih.gov/nuccore/CP158193.1/
https://crossmark.crossref.org/dialog/?doi=10.1128/jcm.02057-24&domain=pdf&date_stamp=2025-05-14
https://doi.org/10.1128/jcm.02057-24
https://creativecommons.org/licenses/by/4.0/


(CLSI), revealed that the isolate was susceptible to meropenem and levofloxacin (Fig. 1D); 
therefore, the treatment regimen with meropenem was maintained. After the initiation 
of meropenem therapy, the patient’s peak temperature began to decline, and her mental 
status improved, indicating a positive response to treatment. On the 12th day after 
admission, intravenous meropenem dosing was increased to 1 g q8h due to the recovery 
of renal function. Follow-up imaging studies conducted on the 15th and 30th days 
after admission revealed a significant reduction in the size of the right renal kidney. 
The patient was treated with meropenem for 40 days, which was the entire duration of 
hospitalization. The patient’s body temperature and consciousness normalized, allowing 
for her discharge from the hospital. Upon discharge, she was prescribed levofloxacin 
orally for an additional week of therapy (to complete a total of 47 days of therapy). 
On day 12 post-discharge, the patient was seen in follow-up and continued to have 
no symptoms. Moreover, a repeat abdominal CT revealed at that time that the abscess 
lesions in the right kidney were essentially completely resolved.

DISCUSSION

K. pneumoniae is an opportunistic pathogen associated with hospital- and community-
acquired infections (2–4). Classic K. pneumoniae (cKp) and hvKp exhibit distinct clinical 
and laboratory characteristics. CKp infections are predominantly nosocomial, primarily 
affecting immunocompromised patients in hospital settings, particularly the elderly and 
those in intensive care units. These infections typically involve a single organ system, 
such as the urinary tract, bloodstream, abdomen, or wound sites. Affected individuals 
often have pre-existing medical conditions or a history of invasive procedures, including 
prolonged catheterization or mechanical ventilation (5). Conversely, hvKp infections are 
frequently community-acquired and can lead to invasive disease in both immunocompe­
tent and immunocompromised patients, as well as serious infections in healthy people. 
HvKp is characterized by its propensity for metastatic spread, rapid disease progression, 
and a significantly elevated risk of morbidity and mortality if not treated promptly (6, 7). 
HvKp is the primary pathogen responsible for K. pneumoniae-induced liver abscess and 
can cause serious infections in healthy individuals. This pathogen has the potential to 
disseminate systemically, affecting multiple organ systems and resulting in pneumonia, 
endophthalmitis, meningitis, or necrotizing fasciitis (8–10). In clinical microbiology 
laboratories, hvKp represents a more pathogenic variant of K. pneumoniae. This variant is 
commonly identified through the application of the string test, detection of virulence 
genes, and capsular serotyping. In recent decades, hvKp has attracted significant 
attention, especially in the Asia-Pacific region (11), where the incidence of hvKp infec­
tions has notably increased, showing a trend toward hospital-acquired infections and an 
increase in antibiotic resistance (12).

This is the report of a patient with a hvKp-associated unilateral and deep abscess 
renal abscess with multiple lesions. The blood culture results indicated that the sample 
from the second day tested positive for K. pneumoniae, whereas the subsequent samples, 
after treatment, showed no bacterial growth. This suggests that the bacteria in the 
bloodstream were gradually eliminated, resulting in a low quantity of nucleic acids in the 
sample for mNGS. The mNGS results showed a positive detection for the Klebsiella genus 
as positive (530 reads, 66.58%), of which 320 reads (40.21%) were identified as K. 
pneumoniae. The remaining reads primarily originated from host DNA. The consistency 
between the two test results indicated a bloodstream infection with K. pneumoniae. The 
patient had no history of chronic urinary tract infection, and both renal ultrasound and 
CT showed no evidence of reflux nephropathy from urinary calculi, hydronephrosis, or a 
chronic renal scar after admission. No bacteria were found in the patient’s urine smear 
and culture. Thus, it was assumed that the renal abscess developed from hematogenous 
dissemination. Renal abscesses caused by hematogenous bacterial dissemination are 
relatively rare and are more common in Staphylococcus-associated infections of the renal 
cortex (13, 14). The symptoms of renal abscess are often non-specific (15), and the CT 
scan contributed to this timely diagnosis. The scan on day 5 demonstrated an 
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enlargement of the lesion, suggesting a worsening infection and significant invasiveness. 
The imaging feature that hyperdense exudative shadows were partially absorbed in the 
lesion indicated that the inflammatory exudate underwent necrotic liquefaction and 
transformed into pus, consistent with the clinicopathological process of renal abscesses.

Most studies define a putative hvKp infection based on clinical features and/or a 
positive string test (16). Although a majority of hvKp isolates present as hypermucovis­
cous (positive string test), this characteristic is not present in all hvKp, and some cKp can 
present this phenotype (17, 18). Consequently, it is imperative to perform comprehensive 
assessments of virulence genes to identify hvKp accurately. The identification of genes 
such as peg-344, iroB, iucA, and rmpA is instrumental in detecting hvKp (4, 19). Clinical 
laboratories may use techniques like PCR to identify these genes rapidly. In this case, 
whole genome sequencing (WGS) was performed on the strain (DT20240104 JSZ.K.p.X) 
to gather additional information. It was a ST35-KL108 hvKp with a lipopolysaccharide 
serotype (O antigen) of O1 (20). Except for iucA, the genes peg-344, iroB, and rmpA are 
all present in the strain DT20240104 JSZ.K.p.X. The rmpA gene, which is rarely found 
in cKp but highly prevalent in hvKp, gives the bacterium a highly mucoid phenotype 
by greatly increasing the formation of the capsule (21) and, in concert with fimbriae 
and siderophores (such as enterobactin and salmochelin) (22), propels hvKp to cause 
invasive disease. Peg-344 holds potential application value in the rapid diagnosis of 
hvKp (23). Sixty-nine resistance genes located on the chromosome and plasmid 2 were 
predicted, and siderophore, fimbriae, and other related virulence genes were detected 
on the chromosome. The commonly detected types of hvKp are ST23-K1 and ST86-K2 
(24), which are usually associated with serious human infections (25) and reported from 

FIG 1 CT image, pus of the patient’s renal abscess and stringing test, antibiotic sensitivity of K. pneumoniae. (A) On the fifth day after admission, two clumpy 

abnormal soft tissue density shadows were seen in the right kidney that were larger than those observed on the day of admission, and the hyperdense exudative 

shadows are slightly absorbed. (B) Renal abscess pus was extracted by puncture on the 10th day after admission. (C) Strain DT20240104 JSZ. K.P.X on a chocolate 

agar plate and a Luria broth agar plate revealed the “stringing” phenomenon. (D) Antibiotic sensitivity of K. pneumoniae. Note: The red arrows and red lines 

indicate the location of pathological changes in the right kidney; the yellow arrow indicates the normal-sized left kidney. R, resistance; I, intermediate resistance; 

S, susceptibility; MIC, minimum inhibitory concentration; “+”, positive for extended-spectrum β-lactamases (ESBL) production.
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China, Russia, and Japan (26–28). As evidenced by this case, the rare ST35 multilo­
cus sequence type (MLST) and KL108 capsular type (29) strain DT20240104 JSZ.K.p.X 
demonstrated significant virulence. Therefore, although identifying the subtype of K. 
pneumoniae plays a crucial role in the rapid preliminary assessment of their virulence 
potential, a comprehensive evaluation of various factors is essential for accurately 
determining the actual virulence of these strains. Rare high-virulence strains should 
not be overlooked, and subtype tests should be improved to provide a complete and 
thorough understanding of the virulence.

In recent decades, there has been an increase in the acquisition of resistance to a 
wide range of antibiotics by strains derived from the cKp. As a result, the World Health 
Organization listed K. pneumoniae as a priority pathogen in 2024 (30, 31). Compared with 
cKp, hvKp is more likely to retain antimicrobial susceptibility due to the greater difficulty 
in integrating antimicrobial resistance plasmids (32). However, in the face of antibiotic 
selection pressure, there are increasing reports of hvKp possessing ESBL, carbapene­
mase, and even colistin-resistant plasmids (33, 34). In a study by Liu C et al. (12) involving 
79 hvKp strains, 31 (43.1%) hospital and healthcare-associated hvKp isolates were MDR, 
30 (41.7%) expressed ESBLs, and 16 (22.2%) exhibited carbapenem resistance; none 
of the seven community-acquired hvKp isolates showed MDR or expressed ESBLs. The 
study in South and Southeast Asia showed that 7% of the strains simultaneously carry 
the iuc gene and ESBL and/or carbapenemase genes, demonstrating the coexistence 
of resistance genes and virulence genes (35). These resistance patterns create greater 
challenges for detection in clinical microbiology laboratories, complicating the clinical 
management of hvKp infections. Choosing an effective empirical regimen will become 
more difficult, requiring accurate identification of hvKp resistance through routine 
antimicrobial susceptibility testing and molecular biological detection methods, such 
as PCR and whole-genome sequencing. This is crucial for selecting appropriate antibiotic 
treatment regimens, improving patient cure rates, and controlling the spread of resistant 
strains.

The identification of hvKp is critically important for patient management. Improving 
the quality of clinical microbiological testing and accurately diagnosing hvKp facilitate 
the selection of appropriate anti-infective treatment strategies and the implementation 
of surgical drainage when indicated, both of which can significantly influence the 
prognosis of hvKp infections (36). Furthermore, through the application of isolation 
protocols and environmental disinfection, the transmission of infection can be effec-
tively mitigated, thereby decreasing the likelihood of cross-infection (37). Additionally, 
clarifying the nature of the infection enables healthcare professionals to closely monitor 
the patient’s condition and provide tailored recovery recommendations, ultimately 
enhancing the patient’s prognosis and minimizing the risk of complications. In cases 
where patients exhibit atypical symptoms indicative of hvKp infection, it is essential to 
maintain a heightened level of vigilance and initiate prompt diagnostic procedures.
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SELF-ASSESSMENT QUESTIONS

1. Currently, which is the most common infection caused by hypervirulent K. 
pneumoniae?

A. Liver abscesses

B. Renal abscess

C. Pneumonia

D. Endophthalmitis

2. Which of the following methods helps the least in identifying hypervirulent K. 
pneumoniae?

A. String test

B. Serotype and capsule type

C. Sequencing-based technologies

D. Antimicrobial susceptibility test

3. Which type of antibiotic has seen a significant increase in resistance among K. 
pneumoniae in recent years, posing a major challenge to global public health?

A. Macrolides (such as erythromycin)

B. Aminoglycosides (such as gentamicin)

C. Carbapenems (such as imipenem)

D. Sulfonamides (such as sulfamethoxazole)
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ANSWERS TO SELF-ASSESSMENT QUESTIONS

1. Currently, which is the most common abscess caused by hypervirulent K. 
pneumoniae?

A. Liver abscesses

B. Renal abscess

C. Pneumonia

D. Endophthalmitis

Answer: A.
Among the infections caused by hypervirulent K. pneumoniae, liver abscesses 

are currently the most commonly observed. Other possible infections include renal 
abscesses, pneumonia, and endophthalmitis.

2. Which of the following methods helps the least in identifying hypervirulent K. 
pneumoniae?

A. String test

B. Serotype and capsule type

C. Sequencing-based technologies

D. Antimicrobial susceptibility test

Answer: D.
To accurately identify hypervirulent strains of K. pneumoniae, various methods can 

be utilized, including the string test, serotyping and capsular typing, and detection of 
specific virulence genes. Combining these methods provides a comprehensive approach 
to identifying hypervirulent K. pneumoniae. Antimicrobial susceptibility testing can be 
beneficial in guiding clinical treatment; however, it is not the primary method for the 
identification of hvKp.

3. Which type of antibiotic has seen a significant increase in resistance among K. 
pneumoniae in recent years, posing a major challenge to global public health?

A. Macrolides (such as erythromycin)

B. Aminoglycosides (such as gentamicin)

C. Carbapenems (such as imipenem)

D. Sulfonamides (such as sulfamethoxazole)

Answer: C.
The resistance of K. pneumoniae to carbapenem antibiotics has risen significantly in 

recent years. As a class of broad-spectrum antibiotics, carbapenems are often regarded 
as the last line of defense for treating severe infections. However, the continuous increase 
in resistance poses a serious threat to the efficacy of these vital medications. Accord­
ing to CHINET data, the resistance rate of K. pneumoniae to imipenem has surged by 
approximately 20% between 2005 and 2022 (38). Although macrolides, aminoglycosides, 
and sulfonamides are also commonly used antibiotics, the resistance of K. pneumoniae to 
these agents has not escalated significantly in recent years compared with the alarming 
trends observed with carbapenems.
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TAKE-HOME POINTS

• Hypervirulent K. pneumoniae is a strain characterized by a high mucoid 
phenotype and various virulence factors. Compared with classical Klebsiella 
pneumoniae, it has a stronger virulence and can cause severe disseminated 
infections in immunocompetent hosts.

• Clinical microbiology laboratories can perform preliminary screening through 
the mucoid string test and further identify hvKp strains using techniques such as 
PCR to detect virulence genes (e.g., rmpA and iucA) or whole genome sequenc­
ing (WGS).

• Accurate identification of hvKp is crucial for the early diagnosis and precise 
treatment of patients, aiding in the selection of appropriate antibiotic regimens, 
reducing mortality rates, and preventing the spread of nosocomial infections.

• Due to the rapid dissemination and increasing drug resistance of hvKp, timely 
identification and isolation of infected patients are key to controlling the 
infection. Additionally, personalized treatment strategies should be developed 
based on the characteristics of the strain to improve patient outcomes.
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