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Abstract

In this study, we aimed to improve understanding of the clinical manifestations, laboratory findings, and risk factors of
Clostridium perfringens sepsis in patients with acute leukemia and to analyze treatment strategies for improving prognosis.
We analyzed clinical manifestations, laboratory data, diagnosis, and treatment strategies in three cases of C. perfringens sepsis
in patients with acute leukemia. We also reviewed and analyzed the relevant literature, incorporating our findings into the
discussion. All three patients developed septic shock with neutropenia following chemotherapy. Analysis of blood samples
confirmed the presence of C. perfringens, and two patients had fulminant intravascular hemolysis and developed multiple
organ dysfunction syndrome. Two patients survived and one died despite timely and full-dose antibacterial treatments, blood
purification, and noninvasive positive pressure ventilation. Overall, our findings showed that C. perfringens sepsis is rare
in patients with acute leukemia but progresses rapidly. A high mortality rate was observed, and patients often experienced
refractory shock and intravascular hemolysis. This demonstrates the importance of early detection and diagnosis. Multimodal
treatments, including fluid resuscitation, antibiotics, organ support, and blood purification, are essential for success.
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Introduction

Clostridium perfringens is a Gram-positive anaerobic bacte-
rium naturally found in the intestines. Intestinal dysbacteri-
osis can be caused by hypo-immunity or external factors,
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such as changes in the diet and drugs, and can result in C.
perfringens sepsis [1]. C. perfringens sepsis is extremely
rare in patients with acute leukemia; however, the mortality
rate in these patients is very high. In this article, we describe
three cases of C. perfringens sepsis in patients with acute
leukemia. We aimed to provide insights into the progression
of this disease and methods for treating it.
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Case report

Case 1 was a 21-year-old man who was diagnosed with
acute myeloid leukemia 5 years prior. He relapsed after
multiple chemotherapy and was admitted to the hospi-
tal in October 2018, where he underwent chemotherapy
with idarubicin, cytarabine, and teniposide. Fluconazole
was empirically applied to prevent fungal infections after
chemotherapy. Twelve days after chemotherapy, his neu-
trophil counts decreased to 0.04 X 109/L and he experi-
enced chills and hypotension during a homotype platelet
transfusion. His blood pressure rebounded after methyl-
prednisolone treatment; however, he soon was found to
have a fever. Aerobic and anaerobic bacteria cultures were
performed from the peripheral vessel and venous infusion
port, and he was given meropenem at 0.5 g every 6 h.
Six hours later, he showed signs of shock, and his skin
and mucous membranes turned yellow. His blood pres-
sure was 85/40 mmHg, SpO, was 93%, and heart rate was
130 bpm. Following active fluid replacement and stabiliza-
tion of pressure, the patient discharged brown urine. Anal-
ysis indicated the occurrence of neutropenia, decreased
hemoglobin, increased bilirubin, and acute renal failure.
Lactate dehydrogenase (reference range 120-250 U/L)
increased (up to 1607 U/L), B-type natriuretic peptide
(reference range 0—100 pg/mL) increased (up to 1879 pg/
mL), p-dimer increased (up to 25,798 pg/L), and proc-
alcitonin increased (exceeding 100 ng/mL; Fig. 1). The
patient was promptly moved to the intensive care unit
(ICU) and administered 500-mg methylprednisolone
to relieve hemolysis. Meropenem was increased to 2 g
every 8 h (patient weight 120 kg). Recombinant human
granulocyte-stimulating factor (G-CSF) was subcutane-
ously administered to increase the white cells, and the
venous infusion port was removed. Continuous blood
purification (hemofiltration) and noninvasive high-flow
positive pressure ventilation were performed. Three days
later, the patient showed signs of recovery, white blood
cell counts increased, and liver function was improved.
However, kidney function did not significantly improve
(Fig. 1). Antibiotics and hemofiltration were continu-
ally administered, and kidney function improved after
20 days (Fig. 1). Gram-positive bacilli were subsequently
observed in two anaerobic blood cultures after 12 h; the
bacteria were identified as C. perfringens. Candida was
also found in cultures during the same period. Upon ques-
tioning, the patient indicated that he had consumed expired
yogurt 1 day before the onset of fever. Abdominal com-
puted tomography revealed no pneumobilia. Gradually, the
patient recovered and resumed chemotherapy treatment.
Case 2 was a 42-year-old man who had been diagnosed
with acute myeloid leukemia after the enlargement of

lymph glands, which did not respond to chemotherapy
treatment for 3 months. The patient showed resistance to
the use of traditional drugs and was given daratumumab
in September 2019. Fluconazole was empirically applied
to prevent fungal infections during neutropenia, and his
neutrophil counts decreased to 0.27 X 109/L. The patient
experienced mild abdominal pain, fever, and chills at night
after eating rotten peaches for dinner; however, his oxygen
levels and blood pressure were normal. A blood sample
was obtained from the peripheral vessel and peripher-
ally inserted central catheter (PICC), and meropenem
0.5 g every 6 h was administered to combat infection.
The patient showed low blood pressure (83/42 mmHg),
low blood oxygen levels (SpO2: 89%), and a heart rate
of 135 bpm after 5 h. Brown-colored urine was also dis-
charged. Blood tests showed significant declines in bili-
rubin and hemoglobin, a lack of kidney function, elevated
hyperkalemia levels (up to 20.14 mg/mL) and lactate
dehydrogenase levels (up to 4723 U/L), an increase in
procalcitonin (maximum 20.14 ng/mL), an increase in
B-type natriuretic peptide (maximum 4027 pg/mL), and
an increase in D-dimer (maximum 10,374 pg/L; Fig. 2).
The patient was placed in the ICU and assessed for sepsis.
Meropenem was increased to 1 g every 8 h, and penicillin
(4% 106 U every 6 h) was administered to combat infec-
tion. In addition, 500-mg methylprednisolone was admin-
istered to stop hemolysis, and recombinant human G-CSF
was subcutaneously administered to increase white blood
cells. The PICC was removed, and noninvasive high-flow
positive pressure ventilation and continuous blood puri-
fication (hemofiltration) were performed. However, the
patient’s condition did not improve (Fig. 2). Instead, rapid
severe metabolic acidosis occurred, blood oxygen contin-
ued to decline, and black bacterial plaques appeared on the
abdominal skin of the patient. Despite the active measures
taken to treat the patient, including sodium bicarbonate
correction for acidosis, ventilator-assisted breathing, and
norepinephrine boosting, the patient died 24 h later. The
anaerobic samples cultured for 8 h showed the presence of
Gram-positive bacilli (Fig. 3), which were later identified
as C. perfringens.

Case 3 was a 58-year-old woman who had been diagnosed
with acute myeloid leukemia after experiencing fatigue for
5 months. Following chemotherapy, her bone marrow was
recovered. In September 2019, she underwent high-dose
cytarabine chemotherapy. Fluconazole was empirically
applied to prevent fungal infections after chemotherapy.
Thirteen days after chemotherapy, the patient’s neutrophil
count decreased to 0.01 X 109/L, and she developed a fever
(39 °C), abdominal pains, nausea, mild diarrhea, and chills.
Her vital signs were stable. Blood samples were obtained
(from the peripheral vessel and PICC), meropenem at 0.5 g
every 6 h was administered, and the patient’s temperature
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Fig. 1 Key laboratory indexes
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dropped to 38.2 °C. The patient had a fever for 36 h and
then experienced abdominal distension and mild pain in
the upper abdomen. A decrease in blood pressure followed,
reaching a minimum of 70/35 mmHg. Blood oxygen lev-
els were normal, and inflammation indicators increased.
The kidneys and liver showed normal function (Fig. 4).
The patient experienced septic shock and was given fluid
boosters. Meropenem at 1 g every 8 h was given. Moreover,
although the dose of meropenem was increased, we consid-
ered that there might be resistance to carbapenem drugs,
and we empirically added penicillin (4 x 106 U every 6 h) to
further combat infection and G-CSF to stimulate the white
blood cell count; the patients temperature then returned to
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normal (Fig. 4). Anaerobic samples cultured for 24 h con-
tained Gram-positive bacilli, which were identified as C.
perfringens. Abdominal computed tomography revealed no
pneumobilia. Fortunately, the patient survived and resumed
chemotherapy.

These three cases are summarized in Table 1

Review of the literature

Patients with leukemia have compromised immune systems,
increasing their risk of infection and making them vulner-
able to C. perfringens infections. Within a 35-year period
(1985-2020), only 12 studies (10 published in English and
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Fig.2 Key laboratory indexes
in case 2
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two published in Chinese) have been reported describing
cases of C. perfringens infection in patients with leukemia
(searched for using the terms “leukemia”, “leukemias”,
“Clostridium”, “perfringens”, and “C. perfringens” in Pub-
Med and the terms “leukemia” and “Clostridium perfrin-
gens” in Wanfang). With the three cases reported in this
study, only 17 cases of C. perfringens infection in patients
with leukemia have been reported. Of the 17 patients, two
were female (11.8%) and 15 were male (88.2%). The median
age was 46 years (age range 14-74); six had acute lympho-
cytic leukemia (35.3%) and 11 had acute myeloid leukemia
(64.7%). Thirteen patients experienced shock (76.5%), 16
patients experienced neutropenia, 10 patients experienced

Key laboratory indexes in case 2
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intravascular hemolysis (58.8%), and six patients experi-
enced renal dysfunction (35.3%). Moreover, 10 patients died
(58.8%), and seven patients survived (41.2%). Of the 10 who
died, all passed within 48 h of onset (range 648 h). In addi-
tion, seven of 10 patients with hemolysis died, whereas all
surviving patients did not have hemolysis (Table 2).

Discussion
Clostridium perfringens was first discovered in 1891 after

William H. Welch performed an autopsy on a 38-year-
old man [2]. This organism is a Gram-positive, anaerobic
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Fig.3 Gram staining of a peripheral blood smear reveal Gram-posi-
tive bacillus

bacillus found in colonies in the human reproductive tract
and intestines. Food poisoning, muscle necrosis, and gas
gangrene are all caused by C. perfringens [3]. Individuals
with poorly managed diabetes, cirrhosis, chemotherapy-
induced neutropenia, malignancies, and old age are at a high
risk for infection [4]. In addition, patients with acute leuke-
mia, particularly agranulocytosis, are at a particularly high
risk [5]. Of the three patients in our study, two had a history
of poor diet, and one displayed abdominal symptom. These
findings suggested that the intestinal flora could be altered
and that the bacteria could penetrate the mucosal lining fol-
lowing damage, resulting in the disruption of blood flow
when low levels of granulocytes are present [6].

In patients with fever, shock, intravascular hemolysis, and
renal failure, C. perfringens sepsis should be considered,
especially for patients with acute leukemia during neutro-
penia. C. perfringens sepsis is rare but fatal [7]. Indeed,
approximately 7-15% of patients experience a high level of
intravascular hemolysis [8], which can be easily overlooked
and is often associated with other rare diseases, such as
malaria, bartonellosis, and babesiosis infection. Moreover,
infection by this bacterium is also associated with nonin-
fectious symptoms, such as reactions to blood transfusions,
paroxysmal nocturnal hemoglobinuria, and deficiencies in
glucose 6-phosphate dehydrogenase. After significant intra-
vascular hemolysis, the mortality rate increases, reaching
up to 80% in patients with hemolysis, as demonstrated in
a study of 40 adult patients with a median time from onset
to death of 8 h [8]. Another study of 50 adults showed that
the mortality rate was 74% in patients with C. perfringens
sepsis, with a median time to death of 9.7 h [9]. In the cases
screened from our literature review in this study, seven of the
10 patients with leukemia who had hemolysis died, whereas
all surviving patients did not have hemolysis.

Clostridium perfringens can produce a significant amount
of protein toxins, particularly alpha toxin (the primary path-
ogenic indicator of hemolysis and gas gangrene). One toxin
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is phospholipase C lecithinase, which in the membranes of
red blood cells, induces hydrolysis of phospholipids, thereby
resulting in intravascular hemolysis. In platelets, leuko-
cytes, muscle cells, and endothelial cells, this toxin lyses
the plasma membrane [10]. Alpha toxins also affect how
immune cells (such as neutrophils) are transferred to infected
tissues, which could lower pathogen clearance at the infec-
tion site. Increased inflammation during metabolism in the
host cell could cause an immune system response, resulting
in damaged tissues [11, 12].

With the exception of the induction of intravascular
hemolysis, C. perfringens sepsis exhibits the same general
clinical manifestations as other types of sepsis, including
shock, organ failure (particularly renal failure), and fever
[13]. The most important part of treating patients with
this disease is to identify the infection early and to quickly
administer appropriate antibacterial agents. C. perfringens
sepsis is often not the only infection present in a patient, and
it might, therefore, be preferable to use antibacterial drugs
that target a wide range of infections [14]. Some researchers
have observed that using both penicillin and tetracyclines
or clindamycin quickly stops the production of toxins, and
treatment with high doses of erythromycin and cephalospor-
ins is also effective [15]. We primarily used meropenem to
treat the infection owing to granulocytic deficiency. Patients
with symptoms of a C. perfringens infection (e.g., reports
of Gram-positive short, coarse bacilli and hemolysis) also
received high doses of penicillin. Patients with leukemia
exhibiting agranulocytosis are vulnerable to fungal infection
and also received antifungal treatment. With the exception
of the antibacterial regimen, patients were infected during
agranulocytosis, suggesting that applying G-CSF early could
manage agranulocytosis and improve prognosis for patients
with C. perfringens infection [16]. In addition, treating the
infected area with hyperbaric oxygen therapy and surgery
has also been shown to be effective [17]. Patients with leu-
kemia are also susceptible to infection via a central venous
catheter. Accordingly, we closed the central venous catheter
of all three patients as quickly as possible. We then re-estab-
lished venous access and removed the old catheter to reduce
the chance of infection.

Six of the 17 cases collected in our literature review
exhibited renal failure, and four of these patients were
treated with blood purification, an important step in com-
batting septic shock [18]. The three most advanced technolo-
gies for purifying blood to treat septic shock are those that
adsorb blood to remove inflammatory mediators or endo-
toxins in patients with sepsis, those that allow for a high
volume of hemofiltration, and those that allow for integrated
or hybrid blood purification [19, 20]. Techniques integrat-
ing blood purification combine technology for plasma and
blood adsorption with continuous renal replacement therapy
(CRRT), using several filters to treat septic shock. In these
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two techniques, CRRT can filter small and medium-sized
molecules associated with inflammation, which stabilizes
the internal environment. Techniques related to blood and
plasma adsorption can filter medium and large molecules
associated with inflammation and endotoxins, which is
more helpful when removing homeostasis and toxins [21].
In certain cases, the disease progresses despite taking early
preventative measures, such as administering antibacterial
drugs, purifying the blood, and removing sources of infec-
tion. For example, in our case 2, these early treatments still
resulted in multiple organ failure. This could be because of
the high bacterial load in the patient’s blood, resulting in

increased levels of toxins (despite hemofiltration). Combin-
ing adsorption with integrated hemofiltration technology
could be a more appropriate treatment to remove endo-
toxins and inflammatory mediators from the blood of such
patients. In addition, in a case of gas gangrene, researchers
attempted to apply polymyxin B-immobilized fiber column
direct hemoperfusion; however, this treatment failed [32].
Clostridium perfringens sepsis is an infection that is
extremely rare in patients with acute leukemia. However,
this disease is extremely dangerous and is associated with
a high mortality rate. It is essential to administer antibac-
terial drugs as early as possible. In addition, management
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strategies should aim to support organ function and shorten
the time of neutropenia. Finally, combining adsorption tech-
nologies with hemofiltration might facilitate the treatment
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