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Abstract: A patient who had previously undergone varicose vein surgery developed persistent postoperative fever. The results of
ultrasonography and computed tomography (CT) indicated the possible presence of a liver abscess. Subsequent blood and drainage
fluid cultures yielded Gram-positive bacilli exhibiting characteristic hemolytic rings. Matrix-assisted laser desorption/ionization time-
of-flight mass spectrometry (MALDI-TOF-MS) identified both isolates as Clostridium perfringens (C. perfringens), implicating this
pathogen as the etiological agent of the liver abscess. The patient was treated empirically with cefuroxime, ornidazole, and
cefoperazone—sulbactam, after which the fever gradually resolved and the patient was discharged in stable condition. To further
characterize the microbiological features of the isolates, whole-genome sequencing (WGS) was performed. Comparative genomic
analysis demonstrated that the similarity between the two strains was higher than 99.99%, indicating a clonal origin. Further genotypic
characterization revealed the presence of the major toxin gene plc, along with several accessory toxin genes, including pfod, col4, and
cloSI. In addition, genes encoding neuraminidases and hyaluronidases were identified, suggesting enhanced tissue invasiveness. The
strains also harbored multiple antimicrobial resistance—associated genes, including mprF, tetB(P), and cplR. To contextualize these
findings, a literature review was conducted to summarize the clinical and etiological characteristics of liver abscesses caused by
C. perfringens. Analysis of reported cases indicated that advanced age, male sex, underlying hepatobiliary disease, and diabetes
mellitus were common predisposing factors. Among these cases, only six cases were tested for C. perfringens toxin genes: five cases
were associated with the plc gene alone, while one case involved concurrent detection of both plc and pfoA. Overall, this study
provided important molecular and clinical evidence to support improved diagnosis, risk assessment, and therapeutic management of
liver abscesses caused by C. perfringens.
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Introduction
C. perfringens is a Gram-positive obligate anaerobic bacterium that is pathogenic to both humans and animals.' Based on
the production of six major toxins, alpha toxin (CPA), beta toxin (CPB), epsilon toxin (ETX), iota toxin (ITX), NetB, and
enterotoxin (CPE), C. perfringens is classified into seven toxinotypes (A—G).? Each toxinotype is associated with distinct
enterotoxin- and histotoxin-mediated disease profiles. In both humans and livestock, C. perfringens is responsible for
a broad range of systemic and intestinal diseases, including gas gangrene, food poisoning, non-foodborne diarrhea,
enterocolitis, and enterogenic toxemia. The clinical manifestations of these conditions largely depend on the specific
toxin combinations produced by the infecting strain.’

Liver abscess is a common infectious disease of the liver encountered in clinical practice. In 2012, the reported
incidence rate in China was 8.9 per 100,000 population.*> Notably, males exhibit a higher incidence than females, and
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a global upward trend in the annual incidence of liver abscesses has been observed. A variety of underlying conditions,
including biliary tract disorders, liver diseases, and diabetes mellitus, have been identified as important predisposing
factors.® Liver abscesses typically arise when pathogens invade hepatic tissue through multiple routes, such as the biliary
tract, hepatic artery, portal vein, or by direct spread, ultimately resulting in localized suppurative lesions.” The causative
pathogen spectrum is diverse and includes Gram-negative bacteria, Gram-positive bacteria, and anaerobes. However,
C. perfringens is an infrequent cause of liver abscesses. According to PubMed search results up to June 30, 2025, only 71
cases of liver abscess caused by C. perfiingens have been reported,® which is substantially fewer than those attributed to
common pathogens such as Klebsiella pneumoniae (K. pneumoniae) and Escherichia coli (E. coli). Host-related risk
factors associated with C. perfringens liver abscess include advanced age, male sex, underlying liver and gallbladder
diseases, and diabetes mellitus. On a global scale, the reported incidence of C. perfringens liver abscess varies
geographically, with a higher number of cases documented in East Asia, possibly reflecting regional differences in
dietary habits and the prevalence of hepatobiliary disorders. The pathogenesis of C. perfringens—associated liver abscess
is predominantly mediated by toxin-induced tissue injury. For example, alpha toxin disrupts host cell membranes, while
perfringolysin O facilitates tissue invasion. Liver abscess caused by C. perfringens may be complicated by intravascular
hemolysis, with reported mortality rates reaching 25-50%.° Therefore, timely etiological diagnosis and comprehensive
treatment are critical for improving patient prognosis.

In the present study, we reported a case of liver abscess caused by C. perfringens following variceal surgery, which
was complicated by bloodstream infection. Given the limited molecular characterization available in most previously
reported C. perfringens—associated liver abscesses, this study aimed to investigate the genetic features of the causative
pathogen using WGS and to summarize the associated clinical characteristics through a literature review, thereby
providing a basis for diagnosis and treatment. Our findings demonstrated that the C. perfringens strain responsible for
liver abscess harbored the toxin-typing gene plc, accessory toxin genes pfod, colA, and cloSI, as well as neuraminidase
genes (nanH, nanl, and nanJ) and hyaluronidase genes (nagH, nagl, nagJ, nagK, and nagl). In addition, the strain
carried several antimicrobial resistance—associated genes, including mprF, tetB(P), and cplR. By reviewing previously
reported cases of liver abscess caused by C. perfringens, we further summarized the molecular etiological characteristics
of strains implicated in this condition. Collectively, this study provided a laboratory-based foundation for the diagnosis
and treatment of liver abscesses caused by C. perfringens.

Case Report

A 55-year-old male patient had a more than 20-year history of varicose veins, characterized by persistent soreness, limb
distension, weakness, and discomfort, which were aggravated by prolonged standing and walking. To seek definitive
treatment, he underwent varicose vein surgery of the right lower extremity on March 27, 2024. Following the procedure,
the patient developed postoperative fever accompanied by markedly elevated inflammatory markers. Although the
surgical incision healed well, the fever persisted and recurred. Laboratory examinations performed on March 28,
2024, revealed a white blood cell (WBC) count of 22.77 x 10°/L, a neutrophil proportion of 90.3%, alanine amino-
transferase (ALT) of 44.2 U/L, y-glutamyl transpeptidase (y-GT) of 241.2 U/L, and a total bilirubin level of 60.6 mg/dL
(Table 1).

On March 29, 2024, repeat laboratory testing showed a WBC count of 8.47 x 109/L, neutrophils accounting for 84.4%,
ALT of 43.7 U/L, y-GT of 197.7 U/L, and total bilirubin of 29.2 mg/dL (Table 1). Physical examination demonstrated
a positive Murphy’s sign. Subsequently, abdominal ultrasonography and CT were performed. Based on the combined
findings of B-mode ultrasonography and CT imaging, a liver abscess was strongly suspected (Figure 1A and B). On the
same day, peripheral blood samples were collected for both aerobic and anaerobic cultures. Approximately 18 hours later,
the anaerobic blood culture yielded positive growth, whereas the aerobic culture remained negative. The positive blood
culture underwent overnight subculture on an anaerobic blood agar plate. This subculture revealed gram-positive bacteria
and colonies encircled by distinct hemolytic rings (Figure 1C and D). The causative pathogen of the bloodstream infection
was identified as C. perfringens using MALDI-TOF-MS.

On March 31, 2024, ultrasound-guided percutaneous drainage of the liver abscess was performed, and the drainage
fluid was submitted for microbiological analysis. The culture of the drainage fluid demonstrated hemolytic activity and
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Table |1 Changes in the Patient’s Laboratory Tests After Admission

Item\Date March 24, 2024 | March 28, 2024 March 29, 2024 | March 30, 2024 | April 2, 2024 | Reference
Range

WBC (x10°/L) | 7.11 22.77 8.47 9.09 9.39 3.5-10

Neutrophils 0.533 0.903 0.844 0.836 0.604 0.5-0.7

ALT (U/L) 49.3 44.2 43.7 NT 41.2 0-40

AST (U/L) 422 29.5 352 NT 344 0-40

TIBL (mg/dl) 355 60.6 29.2 NT NT 0-21

DIBL (mg/dl) 14.5 27.6 18.9 NT NT 0-8.6

v-GT (U/L) 329.1 241.2 197.7 NT NT 0-50

Clinical course | Admission I'st day after varicose vein surgery | Murphy’s sign (+) | Blood culture (+) | Discharge

Abbreviations: NT, not tested; WBC, white blood cell; ALT, alanine aminotransferase; AST, aspartate; y-GT, y-Glutamyl Transferase; TIBL, Total Bilirubin; DIBL, Direct
Bilirubin; Murphy’s sign (+), positive Murphy’s sign; blood culture (+), positive blood culture.

Gram-positive bacilli. Both the microscopic appearance and colony morphology were consistent with those observed in
the blood culture isolates. Further identification confirmed C. perfringens in the drainage fluid, with no other aerobic
bacteria detected. Taken together, these findings indicated that the patient most likely developed a C. perfringens—
induced liver abscess, which subsequently progressed to secondary bloodstream infection.

The patient developed a fever on March 28, with a peak body temperature of 39.3 °C recorded on March 29.
Following imaging-based confirmation of a liver abscess, antimicrobial therapy with cefuroxime and ornidazole was
initiated on March 29, resulting in normalization of body temperature by March 30. However, on March 31, the patient
experienced a recurrence of fever, which was considered likely attributable to incomplete eradication of C. perfringens.
To achieve more effective infection control, the antimicrobial regimen was escalated to cefoperazone—sulbactam
combined with ornidazole. Given its broader antibacterial spectrum against anaerobic organisms,'® cefoperazone—
sulbactam is more appropriate for the management of severe anaerobic infections. After adjustment of the treatment
strategy and supportive care, the patient’s fever subsided, and inflammatory marker levels gradually decreased. On
postoperative day 6, the patient was discharged in stable condition with a liver drainage tube in situ and scheduled for
outpatient follow-up.

The C. perfringens isolates obtained from blood cultures and liver abscess drainage fluid were subjected to WGS to
assess their genetic relatedness. The sequencing data were deposited in the NCBI database under accession number
PRINA1346668. The assembled genome of C. perfringens was 3,292,478 bp in length, with a GC content of 28.06%.
Comparative genomic analysis demonstrated that the two isolates shared >99.99% sequence identity, indicating a clonal
origin. The number of single-nucleotide polymorphisms (SNPs) between the two genomes was 32. These results
suggested that the two isolates were clonally related and derived from the same source. Further molecular characteriza-
tion revealed that both strains harbored the toxin-typing gene plc, accessory toxin genes pfoA, colA, and cloSI, as well as
neuraminidase genes (nanH, nanl, and nanJ) and hyaluronidase genes (nagH, nagl, nagJ, nagK, and naglL). In addition,
this C. perfringens strain carried multiple antimicrobial resistance—associated genes, including mprF, tetB(P), and cplR
(Supplementary Table 1A and B).

A retrospective analysis of 71 reported cases of C. perfringens—associated liver abscess was conducted to elucidate
their clinical and etiological characteristics. The patient cohort comprised 81.7% males and 13.3% females, with a mean
age of 68.8 years. The most common underlying conditions were diabetes mellitus (35.2%), liver cancer (15.3%), and
a history of hepatobiliary surgery (22.5%). The overall mortality rate among these cases was 68.6%. Among the 71 cases,
only six cases were tested for C. perfringens toxin genes: five cases were associated with plc alone, while one case
involved both plc and pfoA. Serotyping information was available for a limited number of cases, with four isolates
identified as serotype A and the remainder lacking detailed serotype data (Table 2). In addition, we reviewed reported
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Figure | (A and B) Abdominal B-ultrasound and CT imaging examination: (A) shows a space-occupying lesion, consistent with liver abscess, “+” and dashed line:
measurement scale; (B) indicates the presence of gas within the cavity, red arrows: gas accumulation in the cavity. (C and D) Smear and culture of positive bottles for
the patient’s blood culture: (C) shows gram-positive bacilli, red circle: bacilli that are Gram-positive and have capsules; (D) shows colonies with hemolytic rings on
blood plates. (E) The change in body temperature: The patient’s body temperature peaked at 39.3°C on March 29th, normalized on March 30th after initial
antimicrobial therapy, increased again on March 31st, and normalized on April Ist after antibiotic adjustment, “+”: the combined use of two antibiotics.
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Table 2 Summary of the Clinical and Microbiological Characteristics of C. Perfringens
Liver Abscesses in the World and China

Cases in Literature (n=71) | Cases in China (n=11)

Sex

Male 49 (69.01%) 8 (72.72%)

Female 22 (30.99%) 3 (27.27%)
Age(years) 68.8 (range: 6-88) 64.5 (range:50-80)

Underlying disorder

Diabetes mellitus 25 7

Hepatocellular carcinoma I 4

Hepato-biliary surgery history | 16 |

Other disease 28

Mortality 48 (68.57%) 5 (45.45%)

Virulence genes

Alpha toxin (cpa / PLC) 5 ND

Perfringolysin O (pfo) | ND

Not mentioned / Not tested 65 Il

Serotype
Type A 4 ND
Other / Untyped 67 ND

Abbreviation: ND, not detected.

cases of C. perfringens liver abscess in China and identified 10 case reports involving 11 patients. Most patients were
male, seven had diabetes mellitus, and three had liver cancer. Notably, none of these reports provided molecular-level
characterization of the causative strains (Table 2).

Discussion

Liver abscess is a common hepatobiliary disease encountered in clinical practice, for which timely etiological diagnosis
and comprehensive treatment are essential to achieving a favorable prognosis.''K. pneumoniae, E. coli, and anaerobic
bacteria are the most frequently implicated pathogens, while C. perfringens remains a rare etiological agent of liver
abscess.'? In this study, we reported a case of C. perfiingens—associated liver abscess occurring in an immunocompetent
patient following varicose vein surgery and complicated by bloodstream infection. After precise pathogen identification
and appropriate antimicrobial management, the patient recovered and was successfully discharged. To further elucidate
the etiological characteristics of C. perfringens, WGS was performed on two isolates obtained from blood and liver
abscess drainage fluid to characterize their genetic features. In parallel, we reviewed 71 previously reported cases of
C. perfringens—related liver abscesses to enhance the understanding of their clinical and etiological profiles.

Accurate pathogen identification is pivotal in the diagnosis of suppurative liver abscess, as it directly informs the
selection of targeted antimicrobial therapy, particularly in cases complicated by bacteremia.'® As an obligate anaerobe,
C. perfringens poses technical challenges for routine clinical cultivation and may therefore be underrecognized as
a causative pathogen in liver abscesses.'* In the present case, C. perfringens was rapidly detected in both blood and
abscess drainage fluid, enabling the timely initiation of effective antibiotic therapy and contributing to a favorable clinical
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outcome. This case highlighted the importance of considering C. perfringens in the differential diagnosis of liver
abscesses and underscored the necessity of incorporating its detection into routine microbiological diagnostic workflows.

The patient, who was immunocompetent and had undergone varicose vein surgery, subsequently developed
a postoperative liver abscess. The consistent isolation of C. perfringens from both blood and liver abscess drainage
prompted further consideration of the infection source and dissemination route. Laboratory findings obtained on
admission on March 24 demonstrated abnormal liver function indices and elevated bilirubin levels, and the postoperative
leg wound healed well. These observations suggested that C. perfringens might have initially caused a liver abscess,
followed by hematogenous dissemination into the bloodstream, resulting in secondary bacteremia.

WGS demonstrated that the C. perfringens isolates obtained from blood and liver abscess drainage fluid were
genetically homologous. The detection of the toxin-typing gene plc classified the strain as toxin type A. In
addition, the isolates harbored the pfoA toxin gene, as well as multiple neuraminidase- and hyaluronidase-
associated genes. Strains positive for pfo4 are known to exhibit potent cytotoxicity and are commonly associated
with severe infections such as neonatal necrotizing enterocolitis and gas gangrene. Neuraminidases constitute
a group of enzymes that cleave sialic acid residues from the terminal positions of glycoproteins, glycolipids, and
oligosaccharides.'” Multiple neuraminidase-related genes, including nanH, nanl, and nanJ, have been identified in
C. perfringens.'® Among these, nanl plays a critical role in promoting intestinal colonization, enhancing cyto-
toxicity, and facilitating the interaction between major C. perfringens toxins and host cells.'’

Hyaluronidases are key enzymes involved in the regulation of physiological and pathological processes through
the degradation of hyaluronic acid within the extracellular matrix.'® 2°The presence of five hyaluronidase genes
(nagH, nagl, nagJ, nagk, and nagl) in the present C. perfringens strain suggested a broad tissue-invasive capacity
and a high pathogenic potential.?' Through synergistic degradation of host tissue matrices and amplification of
major toxin activities, these virulence determinants might facilitate the development of severe infections.
Accordingly, identification of such genetic features indicated that clinicians should consider intensified anti-
infective strategies in combination with appropriate symptomatic and supportive care.

Despite the high virulence potential suggested by its genetic profile, the patient in this case presented only with
fever and a positive Murphy’s sign, without progression to intravascular hemolysis, rapidly enlarging hepatic
abscess, or systemic sepsis. The patient was successfully discharged with a drainage tube in place on
postoperative day 6. This favorable outcome was likely attributable to timely empirical antibiotic therapy, rapid
etiological identification, rational escalation of antimicrobial treatment, effective percutaneous drainage of the liver
abscess, and the patient’s preserved immune function. Although the strain carried antimicrobial resistance—
associated genes, including mprF, tetB(P), and cp/R, phenotypic resistance was supposed mainly to be against
agents such as defensin, tetracycline, and lincomycin.?>** In contrast, the isolate remained susceptible to
commonly used clinical agents, including ornidazole, cefazolin, and cefoperazone—sulbactam.

We further reviewed 71 previously reported cases of liver abscesses attributed to C. perfringens and systematically
analyzed their clinical and pathogenic characteristics. The results indicated that C. perfringens—associated liver abscesses
predominantly occurred in elderly male patients and were frequently accompanied by underlying conditions such as diabetes
mellitus and hepatobiliary diseases, findings that were consistent with earlier case-based reviews. Nevertheless, only a small
number of studies have investigated the molecular features of C. perfringens strains responsible for liver abscess formation.
Among the 71 cases reviewed, virulence gene profiling was performed in only six cases: five isolates carried the plc gene,
while one harbored both plc and pfoA, which appeared to be associated with disease severity and prognosis. Notably, the
majority of the reviewed cases were complicated by intravascular hemolysis and were associated with a high mortality rate,
underscoring the aggressive clinical course typically associated with C. perfringens liver abscess.

This study represented a documented application of WGS to a clinical C. perfringens isolate obtained from a liver
abscess. Genomic analysis demonstrated that the isolate belonged to toxin type A and harbored multiple accessory
toxin genes, neuraminidases, and hyaluronidases, in addition to several antimicrobial resistance—associated genes.
Despite its genetic classification as a highly virulent strain, the patient achieved a favorable clinical outcome. This
apparent discrepancy between the predicted pathogenic potential of the strain and the benign clinical course observed
in the patient warrants further investigation. The successful therapeutic approach applied in this case, characterized by
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early empirical therapy, rapid etiological identification, rational antibiotic escalation, and effective abscess drainage,
might provide valuable insights for the management of similar infections and merits broader consideration and
dissemination. A limitation of the present study is the absence of functional assays to directly validate the biological
activity of the identified virulence and resistance genes. Future investigations incorporating in vitro functional
experiments are needed.
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