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KEY POINTS

� Fulminant Clostridioides difficile infection (CDI), characterized by hallmarks of critical
illness such as hypotension, shock, or megacolon, has been difficult to define and treat.

� Diagnosis of a pre-fulminant state is crucial to identify patients that would benefit from
aggressive treatment before a truly fulminant CDI.

� There are many host, bacterial, and microbial factors that contribute to the development
of severe outcomes of CDI.

� Treatment options for fulminant CDI are limited and lack solid evidence of efficacy.

� Intestinal microbiota transplantation emerged as an option for fulminant C difficile refrac-
tory to medical therapy but well-controlled studies are lacking to determine safety and
efficacy.
INTRODUCTION

Clostridioides difficile infection (CDI) is a major health concern in the United States. C
difficile is 1 of the 5 urgent antibiotic resistance threats reported by the Centers for
Disease Control and Prevention.1 C difficile is the most common cause of health
care-associated infection in the United States2 and costs the US health care system
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Abbreviations

ACG American College of Gastroenterology
CDI Clostridioides difficile infection
CT cycle threshold
IBD inflammatory bowel disease
IDSA Infectious Disease Society of America
IMT intestinal microbiota transplant

Shin et al722
between 1 to 4 billion dollars per year.3 A vital part of the burden of CDI is the high risk
of poor outcome, especially in the elderly.1 One in 11 patients who are 65 and older
dies within 1 month.1

DEFINITION

Fulminant (or severe complicated) CDI in the Infectious Disease Society of America
(IDSA) and American College of Gastroenterology (ACG) guidelines is defined by hall-
marks of critical illness: hypotension or shock, ileus, or megacolon.4,5 By the time the
fulminant CDI diagnosis is made, the patient is typically already in multiorgan failure
with very limited options for treatment. Up to 30% of patients with fulminant disease
succumb to CDI.6,7 Identification of high-risk patients, would facilitate development
and initiation of a treatment regimen that would help prevent severe outcome or death
from CDI.

PATHOGENESIS

Development of disease in CDI is primarily driven by C difficile toxins in the setting of
intestinal dysbiosis (Fig. 1). The main C difficile toxins are toxins A (TcdA) and B
(TcdB), with binary toxin (CDT) considered a contributor in increasing disease severity
in infection with CDT-positive strains. TcdA and TcdB induce cell death via activation
of Rho GTPase leading to disruption of the epithelial barrier and initial localized induc-
tion of inflammatory response in the intestinal tissue. Activation of gut inflammatory
pathways may progress to a systemic inflammatory response, sepsis, and even death.
Unlike other forms of sepsis, fulminant CDI is not caused by systemic dissemination of
the bacterium itself, with C difficile bacteremia being a rare phenomenon documented
only in case reports.8 However, recent studies in patients have not only shown that the
toxins are detectable in the systemic circulation, but that higher levels were associated
with more severe disease, suggesting that dissemination of the C difficile toxins in the
systemic circulation may contribute to the systemic response in CDI.9,10

The immune response, both local and systemic, resulting from CDI appears to be
more important in predicting the severity of CDI than the infection burden of C difficile.
The main response involved in the defense against CDI and in severe disease is pre-
dominantly innate immune activation,11 characterized by a robust neutrophil
response. Because the neutrophil response is both a defense against CDI and a mani-
festation of severe disease, publications have shown detrimental outcomes associ-
ated with both unregulated neutrophil response12 and neutrophil deficiency.13,14 In
addition to neutrophils, another important part of the innate immune response is the
proinflammatory cytokines. In prediction models for severe outcome from CDI,
elevated levels of systemic proinflammatory markers in combination such as IL-8, pro-
calcitonin, CXCL5, IP-10, IL-2R, HGF,15 or IL-8, TNF-a/IL-6, CCL5, sST-2, IL-1516

were shown to be predictive of severe outcomes, suggesting an important role for
the inflammatory cytokine pathways.



Fig. 1. Pathogenesis of CDI. CDI occurs when the normal intestinal microbiome is disrupted
and C difficile establishes itself in the host intestinal milieu. The C difficile spores may asymp-
tomatically colonize or germinate into vegetative forms and produce toxins and cause symp-
tomatic disease. The infection may stay at a mild or moderate severity or progress to
fulminant CDI, leading to sepsis, colectomy, or death. Our limitation in understanding of
CDI pathogenesis is in the ability to detect the predictors of progression to fulminant CDI
before it is too late. (Created in BioRender. Shin, J. (2023) BioRender.com/z22g579.)
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FACTORS ASSOCIATED WITH DISEASE SEVERITY
Clinical Prediction Models

Disease severity in CDI is influenced by various factors (Table 1). There have been mul-
tiple different criteria published for predicting severe outcome from CDI.17,18 These pre-
diction rules or scoring systemsuse a combination of comorbidities, symptoms, physical
examination findings, laboratory values, and imaging features. The majority of these
scoring systemshavesomevalidity inpredictingdeath or severe outcomesuchascolec-
tomy fromCDI. Somecommon themesemerge, such asolder age, alteredmental status,
high or low white blood cell (WBC) count, low albumin, and decreased renal function.

Host Factors

Demographics
Age is a common factor in multiple prediction tools, with various age cutoffs such as
age 60, 80, and 90. Age may be used as a scale to stratify the patients most at risk for
progression to fulminant CDI as seen in the ATLAS (age [Ag], treatment with systemic
antibiotics [Tr], leukocyte count [L], serum albumin [Al] and serum creatinine [S])
scoring system.17,18 Interestingly, although female sex was associated with an
increased risk for CDI19,20 and recurrence,19,20 male sex was associated with a higher
risk of fulminant CDI and for severe outcome.6

Comorbidities
Infection with the human immunodeficiency virus (HIV), solid organ transplantation,
and hematopoietic stem cell transplants have been evaluated in regards to risk for
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Table 1
Factors that may influence outcome of Clostridioides difficile infection

Host Inflammatory Response
Blood
Chemistry Pathogen Microbiome

� Age
� Sex
� Comorbidities
� IBD
� Immunosuppression

� Leukocyte count
� Systemic
proinflammatory
cytokines

� Fecal inflammatory
markers

� Imaging features
� Endoscopic findings

� Albumin
� Creatinine

� Pathogen
burden

� Toxin
levels

� Clostridial
strain

� Degree of
dysbiosis
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developing CDI as well as for developing severe complicated CDI.21 Although a poten-
tial increase in incidence of CDI was described in many of these conditions, they have
major confounding variables, namely antibiotic use and health care exposure, which
limit the specificity of these associations. In many of the studies, the risk of severe
complicated CDI was not specifically compared between patients with immunosup-
pression and the general population. However, the mortality rate of CDI did not
seem to be increased in these patients with immunosuppression. The degree of immu-
nosuppression does not seem to affect CDI severity in the majority of these studies.
One potentially controversial immunocompromising condition is neutropenia. Clinical
studies have shown both improved and poor outcomes from CDI associated with
neutropenia.
Mental status changes have been shown to be a risk factor for poor outcome.

Although not clearly defined, other studies have noted cognitive dysfunction7,22 or
delirium23 to predict death from CDI.
Inflammatory bowel disease (IBD) increases the risk for developing CDI. The effect

of IBD on severe outcomes is not clear. Some studies showed that in patients with CDI
and IBD, there were lower risks of recurrences and lower mortality rates due to pa-
tients being younger and having less comorbities.24 Other studies reported that pa-
tients with IBD and CDI had higher mortality rates, longer hospitalizations, more
recurrences, and a higher rate of complications that included toxic megacolon and
colonic perforations25 while another study has shown an equivalent outcome.26

Blood Chemistry

Serum creatinine and albumin have been used as criteria for definition of severe
CDI.4,5 Lactate is a marker used in sepsis and severe sepsis to determine the need
for fluid resuscitation but has not been studied in the setting of CDI. In patients under-
going colectomy, elevated lactate was associated with increased mortality. Lactate
level of �5 mmol/L was an independent predictor of 30-day mortality, in addition to
leukocytosis of 50 x109/L, age �75 year old, and use of vasopressors.27

Inflammatory Response

Systemic
Leukocyte count. WBC count has been one of the consistent factors included in clin-
ical prediction models for severe outcomes from CDI. In the ATLAS scoring system, 1
point is given for WBC count between 16,000 to 25,000 cells/mL and 2 points for higher
than 25,000 cells/mL.17 In others, high WBC count (20,000 cells/mL or higher or
15,000 cells/mL or higher28) as well as low WBC count, 1500 cells/mL or lower,28
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have been used as a factor to predict the risk of severe outcome. Although the WBC
count 15,000 cells/mL or higher has been used as one of the factors to define severe
CDI in published guidelines,4,5 a higher cutoff may be appropriate for fulminant CDI in
combination with other factors.
Leukemoid reaction is the presence of leukocytosis that resembles leukemia, with

WBC exceeding 50,000 cells/mL, in the absence of a primary bone marrow disorder.
Leukemoid reaction has been noted to be a poor prognostic factor.12 Deficiency of
eosinophil count may have prognostic value when added to standard measures of
CDI severity.29

Pro-inflammatory cytokine levels. Levels of interleukin(IL)-8, procalcitonin, chemo-
kine (C-X-C motif) ligand (CXCL)5, interferon-gamma-inducible protein (IP)-10, IL-
2R, and hepatocyte growth factor (HGF),15 or tumor necrosis factor (TNF)-a, IL-6, che-
mokine ligand (CCL)5, soluble suppression of tumorigenicity 2 (sST-2), IL-8, and IL-
1516 in the systemic circulation have been used to predict mortality or disease-
related complications. The inflammatory markers seem to work best when used in
combination, but their clinical utility has not been studied in patients at risk of or
have fulminant disease.

Intestinal
Fecal inflammatory markers. Fecal inflammatory markers such as lactoferrin or mye-
loperoxidase are chemicals released by neutrophils. Increase in peripheral WBC
and elevated fecal lactoferrin in patients have been shown to be indicators of se-
vere CDI. Fecal calprotectin and fecal lactoferrin can be used to differentiate be-
tween CDI and antibiotic-associated diarrhea. Higher levels of fecal calprotectin
appear to correlate with more severe CDI, although 1 study also showed that fecal
lactoferrin but not fecal calprotectin had an association between levels and CDI
severity.30 Fecal lactoferrin could be used to monitor disease activity in patients
with CDI as a response to medical treatment and to predict the occurrence of a
relapse.31 Higher fecal calprotectin levels were observed in patients with ribotype
027 and in patients with a higher clostridium severity score index.32 Fecal bio-
markers, however, have not been specifically studied as predictors of fulminant
disease.

Morphologic Changes in Pathology and Radiology

Pseudomembranes are found in 30% to 85% of patients with CDI and are mainly
found in those patients with severe infection.33 It was initially thought that the presence
of pseudomembranes indicated a worse prognosis, but recent studies suggest that
the prognosis of CDI with pseudomembranous colitis is no different than that without
the presence of pseudomembranes.33 Endoscopically, pseudomembranous colitis
appears as elevated yellow-white plaques or nodules on the mucosal surface of the
colon.
Radiographic studies have also been used to evaluate severe CDI. Plain radio-

graphs of the abdomen can be used in cases of colonic and small bowel ileus to
show thumbprinting or haustral thickening. Computed tomography of the abdomen
and pelvis can show findings such as thickened colonic wall/colonic dilatation, and as-
cites, which may predict severe outcomes.34

Pathogen Factors

Pathogen burden
With the advent of nuclear acid amplification testing, that is, PCR, quantification of the
pathogen burden is usually defined by cycle threshold (CT) value. Few studies have
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shown that lower CT values (�26) can predict severity of outcome and/or presence of
toxins.35 However, these studies have not shown conclusively that CT values can be
used in the clinical setting.

Toxin levels
Recent studies have shown that high levels of TcdA and TcdB are associated with se-
vere outcome.9,10 Not only were the fecal toxin levels higher in patients with severe
CDI compared to nonsevere CDI, they were also much higher in the patients who
died compared to patients who survived.9 Toxin levels of 2500 ng/mL or higher was
associated with a death rate of 47% within 30 days of diagnosis.9 Using an ultrasen-
sitive quantitative toxin immunoassay, severe outcomes (death, intensive care unit
stay, or colectomy within 40 days) attributable to CDI were highly associated with
high levels of toxin, with 100-fold difference in median concentration of stool toxin be-
tween patients with primarily-attributed severe outcomes and other patients.10

Strain characterization
Ribotype 027 is a binary toxin positive strain that is associated with older age, higher
Charlson comorbidity scores, more severe disease, increased recurrences, and high
mortality.36 Compared to ribotype 027, ribotype 014 - 020 is associated with a
decreased incidence of severe CDI.36 Ribotype 078 is also binary toxin positive and
known to cause increased mortality and severe diarrhea.37 Ribotype 014 is among
the top 10 most common ribotypes in England and the Netherlands and is also binary
toxin positive.38 Ribotype 014 is associated with elevated neutrophil counts but is not
associated with increased mortality.38 Regardless of ribotype, patients infected with
binary toxin strains may have increased disease severity and worse clinical outcomes.

Microbiome

Dysbiosis
The connection between the degree of dysbiosis and severity of CDI has not been
directly demonstrated. However, few case reports and series have shown the effec-
tiveness of intestinal microbiota transplant (IMT) in the treatment of fulminant CDI sug-
gesting contribution of the disruption of the microbiota to the development of
fulminant disease. One possible mechanism by which the microbiome can determine
severity of CDI is by affecting clostridial growth and production of toxins. Treatment
with IMT also have led to changes in the immune response that are associated with
improved outcomes in CDI, such as increase in type 2 response with IL-25 and a
decrease in T helper (Th)17 response.39
TREATMENT OF FULMINANT CLOSTRIDIOIDES DIFFICILE INFECTION
Antibiotic Therapy

Vancomycin
Per IDSA and ACG guidelines, oral vancomycin 500 mg 4 times daily or rectal vanco-
mycin 500 mg every 6 hours as retention enema is recommended for fulminant
disease although there remains lack of strong evidence to support this recommenda-
tion.5 Previous studies have shown no significant differences in outcome with different
doses of vancomycin. The number of patients in these clinical studies was small and
not specifically studied in the context of fulminant CDI. Higher oral dose of vancomy-
cin may lead to higher fecal concentration of vancomycin but the levels achieved even
by the 125 mg dose was still significantly higher than the MIC.40 However, when fre-
quency of diarrhea was higher, fecal concentration can fall below the minimum inhib-
itory concentration (MIC) and thus, higher doses may be warranted in the setting of
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severe diarrhea. The ACG guidelines suggest decreasing the dose of vancomycin if
patient shows improvement in the first 48 to 72 hours.4 There is some concern with
prolonged exposure, renal failure, or disrupted intestinal epithelium that the serum
concentration of vancomycin could be elevated. Higher doses of vancomycin also
promote further dysbiosis and thus, may lead to increased recurrence. Intracolonic
vancomycin treatment has been used in patients with ileus,4,5 but this treatment is
also based on expert opinion and retrospective studies. A study comparing oral van-
comycin alone with oral and rectal vancomycin showed no difference in outcome for
fulminant CDI.41

Metronidazole
Although not approved by the U.S. Food and Drug Administration for CDI, IDSA and
ACG guidelines recommend treatment of fulminant disease with intravenous metroni-
dazole at 500 mg every 8 hours in addition to vancomycin.4,5 The evidence for this
practice is also somewhat limited, but an observational study has shown that in pa-
tients who were in the ICU for CDI who received combination therapy had improve-
ment in mortality from 36.4% to 15.9%, although a follow-up retrospective study
has shown no difference in outcome.42 Monotherapy with intravenous (IV) metronida-
zole has been shown to be associated with higher mortality and thus, not recommen-
ded for C difficile treatment.43

Fidaxomicin
Fidaxomicin is a bactericidal macrolide antibiotic that works by inhibiting the RNA po-
lymerase sigma subunit and results in the inhibition of protein synthesis and bacterial
death. Due to the narrow-spectrum of antimicrobial activity,44 there is a lower risk of
potential dysbiosis or induction of antibiotic resistance as could be seen with metro-
nidazole and vancomycin. There have been no large scale studies comparing fidaxo-
micin to vancomycin for fulminant CDI. A retrospective cohort study in patients with
severe CDI found that fidaxomicin had similar rates of recurrence and deaths as van-
comycin. However, more patients were switched from fidaxomicin to vancomycin
(9%) than from vancomycin to fidaxomicin (1%), suggesting higher clinical failure
with fidaxomicin.45

Tigecycline
Intravenous tigecycline, a tetracycline derivate antibiotic, has been traditionally used
for intra-abdominal infections or antibiotic-resistant organisms, but has fallen out of
favor as its use was associated with higher mortality.46 Tigecycline has in vitro activity
against C difficile and the concentration achieved in the feces in healthy subjects with
intravenous tigecycline was shown to be much higher than the MIC.47 It was used in
cases of CDI refractory to conventional antibiotics. Observational studies, with num-
ber of patients ranging from 13 to 266, have shown a statistically significant benefit
to addition of tigecycline to vancomycin and/or metronidazole.48 However, there are
also studies showing no difference in outcome with use of tigecycline. A retrospective
case series analysis and propensity-matched cohort study showed not only that tige-
cycline did not improve mortality, but also that it was associated with a significantly
prolonged hospital stay.49 Without high quality evidence in the literature for efficacy,
the use of tigecycline is not recommended at the present.4,5 Prospective well-
controlled trials are necessary to determine the effectiveness of this intervention.

Antitoxin Treatment

Studies have shown that levels of antibody againstC difficile TcdA correlated with pro-
tection against recurrent CDI50 and patients that did not respond to treatment had
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lower levels of antibodies against TcdA.51 In case reports and case series, patients
who did not respond to treatment with metronidazole or vancomycin showed improve-
ment when treated with intravenous immunoglobulin (IVIG). However, an observa-
tional study comparing patients who were treated with IVIG and patients who were
treated with conventional therapy did not show significant benefit with IVIG.52 The ma-
jor society guidelines do not recommend use of IVIG for treatment of CDI.4,5

Bezlotoxumab, a monoclonal antibody against TcdB, has been shown to have a
modest effect on preventing recurrence in at-risk patients mostly treated with a stan-
dard short course of either metronidazole or vancomycin.53 There is no strong evi-
dence that treatment with bezlotoxumab influences outcome of severe disease and
thus, it is currently not recommended for fulminant CDI.

Surgical Therapy

Surgical management of C difficile colitis should be reserved for patients with severe
colitis that is refractory to medical therapy or concern for toxic megacolon and perfo-
ration. There is no clear algorithm for when surgery should be pursued; however, pa-
tients with significant lactic acidosis, sepsis, or multiorgan failure should be given
serious consideration. When surgery is performed, the recommended procedure is
a subtotal colectomy with end ileostomy and rectal stump. Although previous studies
have compared and found that partial and subtotal colectomy for the surgical man-
agement of severe, complicated CDI to be equivocal with regards to overall 30 day
mortality and overall complication rates, a subtotal colectomy with end ileostomy re-
mains the most commonly performed procedure.54 The overall mortality rate following
surgery for fulminant CDI is significant at greater than 50%, prompting the need for
earlier surgical intervention, which can be associated with improved survival.
Long term outcomes after colectomy for fulminant CDI is poor with a median sur-

vival of 3.2 months. Additionally only 20% of patients who undergo surgery will pro-
ceed to stoma reversal.55 When first introduced, loop ileostomy with antegrade
colonic lavage provided a viable alternative to subtotal colectomy for patients with
medically refractory fulminant CDI with mortality rates as low as 19% in the ileostomy
group.56 A majority of these patients remained colectomy free (93%) and subse-
quently underwent stoma reversal surgery (79%). Unfortunately, the survival benefits
of loop ileostomy with colonic lavage over subtotal colectomy were not reproduced in
subsequent small and large scale studies.57 Despite this discrepancy, loop ileostomy
with colonic lavage remains an attractive surgical option as the rate of restoration of
intestinal continuity remains high across all studies.

Intestinal (or Fecal) Microbiota Transplantation

IMT introduces colonic microbial communities from a healthy individual into a patient
by colonoscopy, enema, nasoenteric tube, or oral capsules. At present, it is the most
effective therapeutic option to prevent recurrence. There has been an interest to
expand the indication for IMT to fulminant CDI. Initial case reports suggested that
IMT was safe and effective in this patient population. Additional studies suggested
that more than one IMT may be required to achieve cure.58 Several observational
studies have shown that IMT is associated with reduced rates of colectomy and mor-
tality in patients with severe and fulminant CDI with low rates of complications.59

These studies have used mostly lower endoscopy administered fecal suspension
and not the commercially available oral or rectal IMT formulations.
The ACG published practice guidelines suggest IMT be considered for patients with

fulminant CDI particularly when patients are deemed to be poor surgical candidates.4

It is recommended that IMT be considered in patients with fulminant CDI who have not



Fig. 2. Changes in colonoscopy findings during successive fecal microbiota transplantation
(FMT) in hospitalized patients with refractory or fulminant CDI and pseudomembranes. Co-
lonoscopic findings from one patient shows yellow pseudomembranes covering both the
rectum (A) and the sigmoid colon (B) during the first FMT. There is some improvement on
the second FMT in the rectum (C) and the sigmoid colon (D). On the patient’s third FMT,
both the rectum (E) and the sigmoid colon (F) exhibited resolution of pseudomembranes
and healthy intestinal epithelium. (Jae Hyun Shin et al., Hospitalized Older Patients with
Clostridioides difficile Infection Refractory to Conventional Antibiotic Therapy Benefit
from Fecal Microbiota Transplant. Adv Geriatr Med Res. 2021;3(2):e210012. https://doi.org/
10.20900/agmr20210012.)

Fulminant C. difficile Infection 729
responded adequately after 48 to 72 hours of maximum medical therapy, and is per-
formed using a sequential pseudomembrane-based strategy. If pseudomembranes
are present, colonoscopy with IMT is repeated every 3 to 5 days until the resolution
of pseudomembranes (Fig. 2A-F). Concomitant administration of oral vancomycin
or fidaxomycin is continued as long as pseudomembranes are present. When pseudo-
membranes have resolved a final IMT is completed and antibiotics are held. This
sequential IMT strategy has been associated with high rates of cure in hospitalized pa-
tients, although it has not been compared with single IMT in a well-controlled study.
Translocation of potentially pathogenic microorganisms and transmission of infec-

tious agents are practical concerns with IMT. The integrity of the intestinal epithelium
is decreased with inflammation, and this may be more of a concern in patients with
sepsis and fulminant disease. However, 1 study showed that bacterial translocation
may be lower with IMT.60 Few observational studies in patients with complicated
CDI have shown good treatment outcomes with IMT.61,62 Randomized clinical trials
would be ideal to assess effectiveness and safety of IMT, whether from universal
donor stool system or defined microbial formulations (or live biotherapeutic products)
to treat fulminant CDI.
SUMMARY

Fulminant CDI leads to the highmortality of CDI, a significant burden on the health care
system, especially among the aging population. There are 2 major challenges in the

https://doi.org/10.20900/agmr20210012
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management of CDI: identification of patients likely to develop fulminant CDI and early
institution of effective treatment.
While the current IDSA criteria for severe CDI is nonspecific and is too broad, the

criteria for fulminant CDI represent an advanced stage of CDI, which may be too
late for effective intervention. Finding diagnostic criteria or clinical prediction rules,
which would identify patients at risk for advancing to fulminant CDI, yet are not quite
so ill, would present an effective tool in managing CDI.
As of now, the available treatment options for fulminant CDI are limited and

lack strong evidence for efficacy. Further research is needed to optimize diagnosis
and to develop treatment strategies to improve outcomes in patients with fulminant CDI.

CLINICS CARE POINTS

� Fulminant Clostridioides difficile infection (CDI) is associated with very high mortality,
especially in the elderly.

� Identification of patients at risk of fulminant CDI is critical for early intervention to prevent
progression of disease.

� Current guidelines recommend enteral high dose vancomycin and IV metronidazole for
fulminant CDI although without solid evidence from the literature.

� Prompt multidisciplinary evaluation for potential need for intestinal microbiota
transplantation or surgical intervention is needed for patients with fulminant CDI in case
of inadequate response to antibiotic therapy.

DISCLOSURES

C.A. Warren is partially funded by NIH AI145322. C.A. Warren and B.W. Behm are UVA
site investigators for Rebyota Observational Study Registry (ROAR, Ferring Pharma-
ceuticals). The rest of the authors have nothing to disclose.

REFERENCES

1. Centers for Disease Control and Prevention (U.S.), Antibiotic resistance threats in
the United States, 2019 [Internet], 2019, Centers for Disease Control and Preven-
tion (U.S.), Available at: https://stacks.cdc.gov/view/cdc/82532 (Accessed 9
October 2024).

2. Magill SS, Edwards JR, Bamberg W, et al, Emerging Infections Program Healthcare-
Associated Infections and Antimicrobial Use Prevalence Survey Team. Multistate
point-prevalence survey of health care–associated infections. N Engl J Med 2014;
370(13):1198–208.

3. Dubberke ER, Olsen MA. Burden of Clostridium difficile on the healthcare system.
Clin Infect Dis 2012;55(suppl 2):S88–92.

4. Kelly CR, Fischer M, Allegretti JR, et al. ACG clinical guidelines: prevention, diag-
nosis, and treatment of Clostridioides difficile infections. Am J Gastroenterol
2021;116(6):1124–47.

5. McDonald LC, Gerding DN, Johnson S, et al. Clinical practice guidelines for Clos-
tridium difficile infection in adults and children: 2017 update by the infectious dis-
eases society of America (IDSA) and society for healthcare epidemiology of
America (SHEA). Clin Infect Dis 2018;66(7):e1–48.

6. Dallal RM, Harbrecht BG, Boujoukas AJ, et al. Fulminant Clostridium difficile: an
underappreciated and increasing cause of death and complications. Ann Surg
2002;235(3):363–72.

https://stacks.cdc.gov/view/cdc/82532
http://refhub.elsevier.com/S0025-7125(25)00011-2/sref2
http://refhub.elsevier.com/S0025-7125(25)00011-2/sref2
http://refhub.elsevier.com/S0025-7125(25)00011-2/sref2
http://refhub.elsevier.com/S0025-7125(25)00011-2/sref2
http://refhub.elsevier.com/S0025-7125(25)00011-2/sref3
http://refhub.elsevier.com/S0025-7125(25)00011-2/sref3
http://refhub.elsevier.com/S0025-7125(25)00011-2/sref4
http://refhub.elsevier.com/S0025-7125(25)00011-2/sref4
http://refhub.elsevier.com/S0025-7125(25)00011-2/sref4
http://refhub.elsevier.com/S0025-7125(25)00011-2/sref5
http://refhub.elsevier.com/S0025-7125(25)00011-2/sref5
http://refhub.elsevier.com/S0025-7125(25)00011-2/sref5
http://refhub.elsevier.com/S0025-7125(25)00011-2/sref5
http://refhub.elsevier.com/S0025-7125(25)00011-2/sref6
http://refhub.elsevier.com/S0025-7125(25)00011-2/sref6
http://refhub.elsevier.com/S0025-7125(25)00011-2/sref6


Fulminant C. difficile Infection 731
7. Appaneal HJ, Caffrey AR, Beganovic M, et al. Predictors of mortality among a na-
tional cohort of veterans with recurrent Clostridium difficile infection. Open Forum
Infect Dis 2018;5(8):ofy175.

8. DoufairM,EckertC,DrieuxL, et al. Clostridiumdifficile bacteremia: report of twocases
inFrenchhospitalsandcomprehensive reviewof the literature. IDCases2017;8:54–62.

9. Cohen NA, Miller T, Na’aminh W, et al. Clostridium difficile fecal toxin level is asso-
ciated with disease severity and prognosis. United Eur Gastroenterol J 2018;6(5):
773–80.

10. Alonso CD, Kelly CP, Garey KW, et al. Ultrasensitive and quantitative toxin mea-
surement correlates with baseline severity, severe outcomes, and recurrence
among hospitalized patients with Clostridioides difficile infection. Clin Infect Dis
2021;19:ciab826.

11. Abt MC, McKenney PT, Pamer EG. Clostridium difficile colitis: pathogenesis and
host defence. Nat Rev Microbiol 2016;14(10):609–20.

12. Naaraayan A, Aleta M, Basak P, et al. Leukemoid reaction to Clostridium difficile
infection. Anaerobe 2015;34:158–60.

13. Luo R, Greenberg A, Stone CD. Outcomes of Clostridium difficile infection in hos-
pitalized leukemia patients: a nationwide analysis. Infect Control Hosp Epidemiol
2015;36(7):794–801.

14. Huang AM, Marini BL, Frame D, et al. Risk factors for recurrent Clostridium diffi-
cile infection in hematopoietic stem cell transplant recipients. Transpl Infect Dis
2014;16(5):744–50.

15. Dieterle MG, Putler R, Perry DA, et al. Systemic inflammatory mediators are effec-
tive biomarkers for predicting adverse outcomes in Clostridioides difficile infec-
tion. mBio 2020;11(3):e00180-20. PMCID: PMC7403776.

16. Abhyankar MM, Ma JZ, Scully KW, et al. Immune profiling to predict outcome of
Clostridioides difficile infection. mBio 2020;11(3):e00905-20. PMCID: PMC7251209.

17. Miller MA, Louie T, Mullane K, et al. Derivation and validation of a simple clinical
bedside score (ATLAS) for Clostridium difficile infection which predicts response
to therapy. BMC Infect Dis 2013;13(1):148.
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