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ABSTRACT

The bacteria Clostridium difficile (C. difficile) is one of the significant nosocomial pathogens
frequently implicated with antibiotic associated diarrhea. Infection with C. difficile can result
in asymptomatic colonization to spectrum of complications collectively known as C. difficile
associated diseases. Since the dawn of its discovery, the C. difficile has been a subject of
research with respect to its virulence characteristics and epidemiology. Once thought to be a
normal flora of human, it was later identified as an enterotoxigenic bacteria. Subsequently, this
bacteria emerged to be an important nosocomial agent affecting patients of old age. Recent
reports indicate dramatic shift in the epidemiology of C. difficile. Some of the notable changes
are increasing incidences of community acquired infections, development of resistance to wide
spectrum of antibiotics, frequent recurrences, infections among young individuals without
any exposure to common risk factors, efc. This paper reviews the literatures of past 25 years
that enlighten the alarming raise and changing epidemiological features of this agent, so as to
necessitate in-depth studies towards its prevention and control.

Community acquired
Antibiotic exposure
Epidemiology

1. Clostridium difficile (C. difficile): characteristics

C. difficile is a bacillary Gram positive, anaerobic and spore-
forming bacteria. This bacteria was detected in 1935 as fecal flora
of healthy infants[1] and initially considered as nonpathogenic.
C. difficile was once thought to be a commensal of human, but
over the years it has emerged as an enteric pathogen. Bartlett
et al.[2] firstly detected C. difficile cytotoxin from the stools of
patients with pseudomembranous colitis, thereby demonstrating
its pathogenic potential. C. difficile is generally recognized as the
principal cause of nosocomial infectious diarrhea. This bacteria is
frequently transmitted in health care settings where more exposure
to antibiotics and air contaminated with C. difficile spores are
common|3].
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2. Diseases and complications caused by C. difficile

The infection due to C. difficile (CDI) usually occurs when the
spores prevailing in the environment or on the hands of health care
personnel contacting previously infected patients are ingested[4].
One of the important factors favoring the invasion and colonization
of C. difficile in human host is the exposure to antimicrobials.
Indiscriminate use of antimicrobial agent is presumed to cause the
disruption of normal intestinal microflora, especially anaerobes, of
the host(5]. The organism is non-invasive and the precise mechanism
which enables C. difficile to cause symptomatic infection is
still unclear. Pathogenesis involves the production of toxin and
disruption and inflammation of intestinal epithelia via damage of
microtubules and cellular junctions along with the release of IL-8[6].

The C. difficile related infections are diagnosed as principal
diagnosis if CDI associated symptoms (e.g., diarrhea) or conditions
(e.g., intestinal ailment) are observed and the secondary diagnosis
refers to sole CDI. As an outcome of severe diarrhea the CDI
can cause incontinence in all age groups. In the case of elderly
patients, owing to urgency and frequent bowel movements, the
incontinence occurs. Another complication associated with CDI is
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the increase in pressure ulcers. The C. difficile associated diseases
(CDAD) could be asymptomatic or fatal including fulminant colitis,
pseudomembranous colitis and toxic megacolon(7].

The pathogenicity of C. difficile is attributed to its two important
virulence factors namely, toxins A and B that are encoded by the
genes fcdA and tcdB respectively[8]. These genes are present on a
19.6-kb so-called pathogenicity locus. Molecular and pathological
investigations have revealed that the toxin B is more potent than
its counterpart[9]. Since 1987 a third toxin, binary toxin called
C. difficile toxin (CDT), unrelated to the earlier toxins, has been
identified to be produced by some C. difficile strains. Researches
conducted in recent years on the outbreaks of C. difficile have
reported the occurrence of PCR ribotype 027 North American
PFGE type 1 epidemic strains (also referred to as 027/NAP1/BI
strains) and their ability to produce binary toxin. The association of
PCR ribotype 027 strains with more severe disease, extraordinary
resistance to fluoroquinolone antibiotics, higher relapse rates and
mortality is believed to be influenced by this binary toxin[10].

3. Epidemiology of C. difficile infections

First report on C. difficile as the major infectious cause of
antibiotic-associated diarrhea was published in 1978. Toxigenic
C. difficile is recognized as the principal cause of infectious
pseudomembranous colitis and the primary cause of hospital
acquired infectious diarrhea(2]. For epidemiological studies, various
molecular techniques such as pulse field gel electrophoresis (PFGE),
PCR ribotyping, restriction endonuclease analysis, efc. are employed
for typing of C. difficile strains[11].

C. difficile has been recognized to be the etiologic agent of
nearly 25% of antibiotic-associated diarrhea reported worldwide[5].
Studies on CDI indicate increasing rates of incidence, severity and
recurrences in recent years[12,13]. Multi-centric studies have reported
a noticeable increase in incidences of CDI and mortality across
the United States, Canada, Europe and Australia during the recent
decade(14]. Researchers have recorded an increasing incidence of
CDI to an extent of 2 to 2.5 fold from the late 1990s to the early
2000s. The rate had been even higher in the elderly individuals.
A recent U.S. study involving 11751 patients consulting a clinic
between January 2010 and May 2013 reported the incidence of CDI
as 21/1000 admissions and 2.1% of all-cause hospitalizations. CDI
has been identified to be a significant cause of heavy health care
burden as it is responsible for long hospital stay (4.5% of inpatient
stays) and high rate of mortality (21.9%)[15].

Among 348950 cases of CDI discharged in the United States
during 2012, 340401 patients were in the age group of =18 years,
and 113956 cases were principally diagnosed to have CDI[7]. In

Table 1
Risk factors attributed to healthcare associated C. difficile infections.
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the following year 453000 cases of incident CDI, with one fourth
of them community acquired, caused 29300 deaths, and owing to
this, costs of health care increased from $3427 to $9960/patient[14].
Recurrence rate of CDI has also been noted to be on the upswing
trend in recent years as evidenced by 50%—75% of first recurrences
needing readmission to the hospital. About 15% of patients
diagnosed with CDI require readmission subsequent to recurrent
infection 30-60 days after the initial incidencel7].

C. difficile associated infections have been a cause of significant
health care burden in recent decades. Although few reports have
defined the cost of CDI on the healthcare system, the estimation
of overall burden still needs comprehensive analysis. Recent
reports infer that nosocomial cause of CDI further escalates cost of
hospitalizations, thus increasing the expenditures in the United States
to an extent of $1.5 billion annually[14,16,17].

4. Hospital vs. community acquired C. difficile infections
and risk factors

CDI constitutes the major agent of nosocomial diarrhea in
industrialized countries and contributes to increasing number of
cases of diarrhea in the community(18]. Hospital acquired CDI (HA-
CDI) is confirmed if the secondary diagnosis of CDI, in the absence
of primary diagnosis of a CDI-related symptom, is recorded. The
nosocomial acquisition of C. difficile may indicate inadequate
infection control practices. The rate of carriage of C. difficile in
asymptomatic and otherwise healthy adult stool has been estimated
to be < 5%I19], whereas, it varies significantly and may reach up to
25% in hospitalized patients(3].

Epidemiological studies of recent years portray C. difficile as
a leading agent of nosocomial infections. The study of Khanna
and Pardi[13] conducted during the period between 1993 and 2004
has documented substantial increase in severe cases (especially
among elderly individuals by 2.7 fold), as well as colectomies and
mortalities (2.5 to 5 fold) among the patients with HA-CDI. A recent
study investigating 15461 cases of CDI from 10 geographic areas of
US identified that 65.8% of CDI were hospital acquired while only
24.2% had the onset during hospital stay(14]. Warny et al.[12] based
on their study on the epidemic CDI caused by the strain NAP1/027
has postulated that spread of spores in the hospital environment
could be due to the severe diarrhea experienced by incontinent
patients. This study has also noted that advancing age increases the
risk of HA-CDI as evidenced by the increase of risk to an extent of
2% for every additional year of age after the age 18.

As outcome of many studies, an array of risk factors have been
identified for HA-CDI[13,20], which are broadly grouped into three
groups as shown in Table 1.

S. No. Category/mechanism Possible risk factors

1 Host factors Age, sex, co-morbidities

2 Factors disrupting the protective Antibiotics, gastrointestinal surgery, gastrostomy, nasogastric tube feeding and acid-suppressing medication use

intestinal symbiotic microbes
3 Higher exposure to C. difficile
spore

i.e., use of proton-pump inhibitors or Histamine-2 receptor blockers
Longer stay in healthcare facilities, prior admissions, infected co-patients
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Exposure to antibiotics is considered critical for development of
CDI. Studies show that 35% of patients who have undergone initial
antibiotic therapy develop the complication of recurrent C. difficile
infection(21]. Practically any antibiotic can predispose a patient to
CDI[22]. Table 2 depicts the list of antimicrobials that have been
reported to favor CDI upon their exposurel23,24]. Fluoroquinolone
use (especially ciprofloxacin), as practiced in many developed
countries, has emerged as the predominant risk factor for CDI
as evident from the fact of emergence of the epidemic strain
NAP1[12]. Besides, the frequent use of macrolides along with third-
generation cephalosporins for the treatment of pneumonia has also
been noted as the high risk for CDADI25]. McDonald et al.[26] have
demonstrated the resistance of restriction-endonuclease analysis
group (BI) isolates of C. difficile to gatifloxacin and moxifloxacin
and clindamycin. A recent study which investigated hospitalized
patients infected with community acquired pneumonia reported that
the duration of antibiotic therapy is a crucial risk factor for CDI and
suggested that antibiotic regimens for less than 3 days would have
better effect(27].

Community acquired C. difficile infection (CA-CDI) is defined as
the onset of CDI in a person who did not have overnight stay in a
hospital setting within 12 weeks before the onset. In contrast to HA-
CDI, the CA-CDI occurs in patients of younger age and in those
who have had no known exposure to antibiotics or other possible risk
factors[24]. A study conducted at various centers of United States,
Canada and Europe has recorded that nearly 20%—-27% of CDI
cases were community associated and occurred with an incidence
rate of 20-30 per 100000 populations[28]. The study by Lessa et
al.[14], subsequent to testing of stool of CDI patients between 14 and
56 days of initial episode, observed that at least one recurrence of
infection occurred in approximately 21% and 14% of cases of health
care and community associated infections respectively.

Although hospital and community acquired C. difficile infections
possess similar etiological patterns, studies have portrayed the
contrasting features between them. A six-year study conducted

Table 2
Antimicrobials implicated with development of C. difficile infections.
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between 2007 and 2012 by Saux et al.[23] has documented the
differences in annual incidence of HA-CDI and CA-CDI. While the
incidence of HA-CDI per 10000 inpatient-days was ranging from
0.5 to 6.6, it was 0-15.6 for the CA-CDI per 10000 admissions.
This study recorded the hospitalization rates, combining health care
and community associated infections, ranging from 4.8 to 49.1 per
10000 admissions. The authors concluded that the frequency of
community associated infection is higher among the children who
had no comorbid conditions or any exposure to antibiotics but may
experience more recurrences and complications compared to HA-
CDI.

5. Changing epidemiological pattern and need for
intervention

Despite intensive efforts to achieve effective prevention and
treatment of C. difficile infection, this infection continues to be
challenging in both hospital and the community settings(24].
Emergence of new epidemic strains of C. difficile could be attributed
to its genetically facile nature and the ability to adapt to new
environmental conditions. Some of the important findings in the
epidemiological studies on C. difficile infections are presented in
Table 3.

Earlier reports on the pathogenicity of C. difficile attributed toxins
A and B as its virulence factors and it was believed that toxin B is
more toxic than toxin A[9]. But, strikingly, differing from this view,
recently Loo et al.[8] demonstrated that while usual strains of C.
difficile colonize the asymptomatic patients, the CDI is principally
caused by NAPI strain possessing binary toxin (CDT). In order
to explain the importance of CDT, Kuehne et al.[35] conducted
experiments with wild and mutant strains of C. difficile. They
observed that the virulence exhibited by A+B—C+ mutant was
comparatively higher than that exhibited by A+B—C— mutant, and
suggested the augmenting effect of CDT on the virulence of toxin B
mutant strain (which could produce only toxin A). Hence, the overall

S. No. Category of antibiotic Example

1 Narrow-spectrum f-lactams Cloxacillin, ampicillin, amoxicillin, cefazolin, cephalexin, and amoxicillin-clavulanate

2 Broad-spectrum f-lactams Ceftriaxone, ceftazidime, cefotaxime, piperacillin, meropenem and piperacillin-tazobactam

3 Other groups Quinolones, aminoglycosides, metronidazole, vancomycin, clindamycin, trimethoprim-sulfamethoxazole

Table 3

Critical findings in the epidemiological studies on C. difficile infections.

Year Finding reported Reference

1935 Detection of C. difficile from fecal microflora of infants [1]

1974 Association of C. difficile with pseudomembranous colitis [29]

1978 First report on association of C. difficile with antibiotic associated diarrhea through detection of C. difficile toxin from stools of [2]
patients

1979 Characterization of toxin A (fcdA) and toxin B (tcdB) [30]

1987 Detection of third toxin (binary toxin) of C. difficile (CDT) [10]

1999 Report on clindamycin resistant C. difficile mediated epidemic of diarrhea [5]

2005 Emergence of ribotype 027 e North American PFDE type 1 epidemic strain of C. difficile (027/NAP1/BI) [26]

2008 Report on emergence of non-ribotype 027 epidemic strains [11]

2008 Report on occurrence of CA-CDI without exposure to antibiotics [31]

2013 Report on higher occurrence of CA-CDI among children [32]

2016 Demonstration of efficacy of fidaxomicin in the control of C. difficile and toxin reduction [33]

2017 Application of lyophilized encapsulated fecal microflora for control of recurrent C. difficile [34]
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virulence increases as a result of coordinated action of CDT with
toxin A.

During the recent years there has been a changing pattern of
epidemiology of C. difficile infections (Table 4). One of the reasons
for this change is the host factor, which could play an important role
in the development of CDI. This is evident from the fact that some
patients, despite the exposure to antibiotics and toxigenic C. difficile
strains, do not become symptomatic[31]. Although it is believed that
toxins A and B are the chief virulence factors of C. difficile[19] and
the patients principally develop antibodies to these toxins, nearly
67% of neonates delivered in hospitals despite the colonization by
the bacteria seldom show any diarrheal symptoms. This could be
due to the poor development or absence of receptors in the colon
of neonates to C. difficile toxin, or the neutralization by maternal
anti-C. difficile toxin A/B antibodies present in breast milk[40].

Recent epidemiological studies on CA-CDI observed that it
could occur even in the absence of conventional risk factors[41].
For example, although prior use of antibiotics is a recognized risk
factor for CA-CDI, some studies suggest that CA-CDI cases who
have no previous exposure to antibiotics can be found in outpatient
settings[31]. A population based study by Khanna et al.[42] noted that
while the older age was more associated with hospital acquisition
of CDI (60% and 39% respectively of elderly v.s. younger cases),
the CA-CDI patients were surprisingly younger and mostly female.
In addition, the CA-CDI patients have seldom or never used
antibiotics (during the 90-day period prior to diagnosis) and had no
co-morbidities or not on an acid-suppressing medication. A cohort
study conducted by Tschudin-Sutter et al.[32] in U.S. demonstrated
that in contrast to HA-CDI, the high incidences of CA-CDI occur
with more complications and recurrences in children who have no
comorbid conditions or antibiotic exposure.

In contrast to the earlier belief considering children as non-
vulnerable group, data on CDI epidemics of recent years revealed
higher incidences among children[43]. Lessa et al.[14] who
investigated the pediatric CDI-related hospitalizations have reported
that there had been substantial increase in the number of CDI cases
among children and peripartum women from 0.724 in 1997 to 1.28
in 2006 per 1000 hospitalizations. This study has also documented
the infection rate of 78%, 19% and 3% respectively of hospital
acquired, community acquired and intermediate CDI occurring
among children. According to Schutze et al.[44], the incidence of

Table 4
Epidemiological concepts on C. difficile infections and changing views.
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nosocomial CDIs in the United States among hospitalized children
has been on upswing since 1997. Nylund et al.[45) evaluated the data
of pediatric CDIs (n = 21274) at three years interval from 1997 to
2006 and demonstrated an increase in the cases from 3 565 in 1997 to
7779 in 2006. This study concluded that the change in epidemiology
of CDI in children could be attributed to the emergence in recent
years of the epidemic strain of toxin-producing C. difficile (NAP1).

Another recent study by McFarland et al.[40] in U.S. recorded
that the number of cases of CA-CDI was generally greater among
the pediatric group (41%) compared to that of adults (30%).
Significantly, among the female patients more CDIs were reported
in adults (averaging 56%) compared to pediatric cases. Surprisingly,
higher prevalence of hypervirulent epidemic strain of C. difficile
NAP1/027/BI was observed in adult patients than children, which
could be attributed to the limitation of fluoroquinolone use in
children; whereas this drug is a risk factor for adults.

Review of other risk factors of CDI reported in recent years has
brought in changing epidemiological views. For example, use of
acid-suppressant medication as an independent or synergistic risk
factor for CDI has been questioned[23]. In general, gastric acid
suppression is believed to aid the reach of more vegetative organisms
to the colon; however, the spores of C. difficile are acid-resistant and
capable of remaining viable at the low pH gastric juice. Although
some investigators have reported the increase in risk of CDI with
acid suppression(28], the others have not agreed with this[37.46]. A
study investigating CDI in patients aged 67 to 92 years old observed
that all of these patients were non-surgical and haemodialysis
and intensive care unit stay were not risk factors[39]. Wilcox et
al.(38] from their systematic review of CDI reported that while
gastrointestinal surgery was considered as a fatal risk factor during
the years 2007-2009, it was not so in 2009-2010.

The shift of higher proportion of HA-CDI to CA-CDI has led to the
speculation that there could be unconventional sources of infection.
In U.S., 453000 cases are reported annually, and approximately two
thirds of cases are categorized as (inpatient) health care associated,
but only 24% have hospital onset (23% have nursing home onset,
18% have post discharge onset). Investigations reveal that more
than 8 (82%) in 10 patients with CA-CDI report recent health care
exposures such as doctor or dentist visits within 12 weeks. There
is increasing recognition of the role of asymptomatic carriers as a
source for CDI25]. Although fecal-oral mode is the most common

Epidemiological feature  Earlier report

Newer insights

Nature of bacteria Normal fecal flora[1]
Virulence factor

Toxins A and B are major virulence factors[19]

Origin of infection Hospital borne[4]

Susceptible group CDIs are more common among old age group(3]

Risk factors Exposure to antibiotics[2]
Use of acid-suppressing medication[20]

Gastrointestinal surgery[20]
Having comorbid conditions[20]
Prior hospitalization, hemodialysis[20]

Virulent enteric pathogenic bacteria[2]

Bacteria produce toxins A and B that equally contribute to virulence[2] Toxin B is more potent than toxin A[9]

Epidemic strains produce additional binary toxin (CDT)
which along with toxin A (not B) contributes to higher
virulence[35]

Ocecur as both hospital and community borne with the
later on increasing trend in recent years[28]

Children of > 1 year of age are also at risk of acquiring
CDI[36]

CA-CDI occurs without exposure to antibiotics[31]
CDI could occur even without prior use of such
medication[37]

Not a requisite for CDI[38]

Not a requisite for CDI[39]

Not a requisite for CDI[39]
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route of transmission of CDI, it can also be transmitted through
contact with the patient and the environment contaminated by the
patient. Therefore, environmental control of C. difficile prevailing in
the health care facilities would be an appropriate method of control
of CDI[44].

Contemporary epidemiological studies on CDI indicate that
there has been significant decline of ribotype 027 and increasing
predominance of other clones of C. difficile specially of the
ribotypes 002, 005, 014, 015, 016, 020, 023 and 078. This change in
prevalence of bacterial strains might be attributed to the successful
control of cross-infection caused by the epidemic strain ribotype 027
in health care facilities, and the emergence of newer strains such as
ribotype 078[11.47].

Another matter of important concern is the increase in drug
resistant C. difficile strains in hospital environment as evidenced
by the worsening response to traditionally accepted metronidazole
therapyl[48]. The shift of distribution and use of antibiotics over
the time is speculated to be one of the causes for antibiotic
associated CDI; for example, antibiotic therapy with quinolones
replaces therapy with aminoglycosides(12]. Careful monitoring and
administration of antimicrobial agents to treat C. difficile associated
infections would be necessary at present. Thabit e al.[33] from their
recent study advocated the administration of fidaxomicin as a drug
of choice as it inhibits the transcription of the genes coding for
toxins A and B of C. diffcile (TcdA and TcdB) through a macrolide
based mechanism. This finding helped reveal comparatively the
poorer efficacy of vancomycin than fidaxomicin in reducing
the concentration of toxins that occur through the bactericidal
mechanism; whereas the later has been proved to be superior in
inhibiting both the bacterial cell and toxin production. Besides,
encouraging results were obtained by a recent study which employed
Bezlotoxumab (monoclonal antibody against toxin B) and found
that there was a reduction in recurrent infection to an extent of 38%
compared to that occurred with standard therapy alone[21].

It may be presumed from the literature that the actual healthcare
burden caused by CDI needs to be determined through more
exhaustive investigation as most of the available data are based
on the reports of diagnosis and treatment of CDI carried out in
acute-care hospitals(48,49]. As the available surveillance reports on
CDAD are still considered preliminary(50], comprehensive study
on the occurrence of CDI in community and among the patients
treated in long-term care facility would help better understanding of
colonization or infection caused by C. difficile.

6. Conclusions

C. difficile, once thought to be a normal human colonic flora,
has now been identified as a precarious pathogen. Changing
epidemiological patterns of CDI in recent years such as increasing
incidences of community associated infections over hospital
acquired infections, increasing susceptibility among younger groups,
development of infections among individuals who are not exposed
to antibiotics or risk factors or comorbid conditions pose new
challenges. Researchers need to adopt precise surveillance measures
to detect outbreaks, assess disease trends and decipher the diversity
of CDI across varying ecological conditions. Eventual findings of
such studies would help the public health officials and healthcare
providers to offer effective clinical management of C. difficile
associated diseases.

703

Conflict of interest statement

‘We declare that we have no conflict of interest.

Acknowledgments

The authors thank the administrative authorities of Northern
Border University, Arar, Kingdom of Saudi Arabia for providing
necessary library facilities to prepare this review article.

References

[1] Hall IC, O’Toole E. Intestinal flora in newborn infants with a description
of a new pathogenic anaerobe, Bacillus difficile. Am J Dis Child 1935;
49: 390-402.

[2] Bartlett JG, Chang TW, Gurwith M, Gorbach SL, Onderdonk AB.
Antibiotic-associated pseudomembranous colitis due to toxin producing
clostridia. N Engl J Med 1978; 298: 531-4.

[3] Barbut F, Corthier G, Charpak Y, Cerf M, Monteil H, Fosse T, et al.
Prevalence and pathogenicity of Clostridium difficile in hospitalized
patients. A French multicenter study. Arch Intern Med 1996; 156: 1449-
54.

[4] McFarland LV, Mulligan ME, Kwok RY, Stamm WE. Nosocomial
acquisition of Clostridium difficile infection. N Engl J Med 1989; 320:
204-10.

[S] Johnson S, Samore MH, Farrow KA, Killgore GE, Tenover FC, Lyras D,
et al. Epidemics of diarrhea caused by a clindamycin-resistant strain of
Clostridium difficile in four hospitals. N Engl J Med 1999; 341: 1645-51.

[6] Pothoulakis C. Effects of Clostridium difficile toxins on epithelial cell
barrier. Ann N'Y Acad Sci 2000; 915: 347-56.

[71 Dubberke ER, Olsen MA. Burden of Clostridium difficile on the
healthcare system. Clin Infect Dis 2012; 55(Suppl 2): S88-92.

[8] Loo VG, Bourgault AM, Poirier L, Lamothe F, Michaud S, Turgeon N,
et al. Host and pathogen factors for Clostridium difficile infection and
colonization. N Eng J Med 2011; 365(18): 1693-703.

[9] Lyras D, O’Connor JR, Howarth PM, Sambol SP, Carter GP, Phumoonna
T, et al. Toxin B is essential for virulence of Clostridium difficile. Nature
2009; 458: 1176-9.

[10] Popotf MR, Boquet P. Clostridium spiroforme toxin is a binary toxin
which ADP-ribosylates cellular actin. Biochem Biophys Res Commun
1988; 152: 1361-8.

[11] Goorhuis A, Bakker D, Corver J, Debast SB, Harmanus C, Notermans
DW, et al. Emergence of Clostridium difficile infection due to a new
hypervirulent strain, polymerase chain reaction ribotype 078. Clin Infect
Dis 2008; 47: 1162-70.

[12] Warny M, Pepin J, Fang A, Killgore G, Thompson A, Brazier J, et
al. Toxin production by an emerging strain of Clostridium difficile
associated with outbreaks of severe disease in North America and
Europe. Lancet 2005; 366: 1079-84.

[13] Khanna S, Pardi DS. The growing incidence and severity of Clostridium
difficile infection in inpatient and outpatient settings. Expert Rev
Gastroenterol Hepatol 2010; 4: 409-16.

[14] Lessa FC, Mu Y, Bamberg WM, Beldavs ZG, Dumyati GK, Dunn JR, et
al. Burden of Clostridium difficile infection in the United States. N Engl
J Med 2015; 372: 825-34.

[15] Kurti Z, Lovasz BD, Mandel MD, Csima Z, Golovics PA, Csako BD,
et al. Burden of Clostridium difficile infection between 2010 and 2013:
trends and outcomes from an academic center in Eastern Europe. World
J Gastroenterol 2015; 21(21): 6728-35.



704

[16] McGlone SM, Bailey RR, Zimmer SM, Popovich MJ, Tian Y, Ufberg
P, et al. The economic burden of Clostridium difficile. Clin Microbiol
Infect 2012; 18: 282-9.

[17] Oslen MA, Xu YX, Stwalley D, Kelly CP, Gerding DN, Saeed MJ, et al.
The burden of Clostridium difficile infection: estimates of the incidence
of CDI from U.S. Administrative databases. BMC Infect Dis 2016; 16:
177.

[18] Herndndez LA, Ramirez ER, Santiago EB. Clostridium difficile
infection. Medicina Clinica 2017; 148(10): 456-63.

[19] Viscidi R, Willey S, Bartlett JG. Isolation rates and toxigenic potential
of Clostridium difficile isolates from various patient populations.
Gastroenteriology 1981; 81: 5-9.

[20] Bignardi GE. Risk factors for Clostridium difficile infection. J Hosp
Infect 1998; 40: 1-15.

[21] Wilcox MH, Gerding DN, Poxton IR, Kelly C, Nathan R, Birch T,
et al. Bezlotoxumab for prevention of recurrent Clostridium difficile
infection. N Engl J Med 2017; 376: 305-17.

[22] Dancer SJ, Kirkpatrick P, Corcoran DS, Christison F, Farmer D,
Robertson C. Approaching zero: temporal effects of a restrictive
antibiotic policy on hospital acquired Clostridium difficile, extended-
spectrum f-lactamase-producing coliforms and meticillin-resistant
Staphylococcus aureus. Int J Antimicrob Agents 2013; 41: 137-42.

[23] Saux NL, Gravel D, Mulvey MR, Dennis J, Yasseen AS, Barrowman N,
et al. Pediatric Clostridium difficile infection: 6-year active surveillance
in a defined patient population. Infect Cont Hosp Epidemiol 2014; 35:
904-6.

[24] Leffler DA, Lamont JT. Clostridium difficile infection. N Engl J Med
2015; 372(6): 1539-48.

[25] Gerding DN, File TM, McDonald LC. Diagnosis and treatment of
Clostridium difficile infection. Infect Dis Clin Prac 2016; 24(1): 3-10.

[26] McDonald CL, Killgore GE, Thompson A, Owens RC Jr., Kazakova
SV, Sambol SP, et al. An epidemic, toxin gene—variant strain of
Clostridium difficile. N Engl J Med 2005; 353: 2433-41.

[27] Chalmers JD, Akram AR, Singanayagam A, Wilcox MH, Hill AT. Risk
factors for Clostridium difficile infection in hospitalized patients with
community-acquired pneumonia. J Infect 2016; 73: 45-53.

[28] Wilcox MH, Mooney L, Bendall R, Settle CD, Fawley WN. A case
control study of community-associated Clostridium difficile infection.
Antimicrob Chemother 2008; 62: 388-96.

[29] Tedesco FJ, Barton RW, Alpers DH. Clindamycin-associated colitis. A
prospective study. Ann Intern Med 1974; 81: 429-33.

[30] Taylor NS, Bartlett JG. Partial purification and characterization of a
cytotoxin from Clostridium difficile. Rev Infect Dis 1979; 1: 379-85.

[31] Bauer MP, Goorhuis A, Koster T, Numan-Ruberg SC, Hagen EC,
Debast SB, et al. Community-onset Clostridium difficile-associated
diarrhea not associated with antibiotic usage — two case reports with
review of the changing epidemiology of Clostridium difficile-associated
diarrhea. Neth J Med 2008; 66: 207-11.

[32] Tschudin-Sutter S, Tamma PD, Naegeli AN, Speck KA, Milstone
AM, Perl TM. Distinguishing community-associated from hospital-
associated Clostridium difficile infections in children: implications for
public health service. Clin Infect Dis 2013; 57(12): 1665-72.

[33] Thabit AK, Alam MJ, Khaleduzzaman M, Garey KW, Nicolau DP.
A pilot study to assess bacterial and toxin reduction in patients with
Clostridium difficile infection given fidaxomicin or vancomycin. Ann
Clin Microbiol Antimicrob 2016; 15: 22.

[34] Staley C, Hamilton MJ, Vaughn BP, Graiziger CT, Newman KM,

Kabage AJ, et al. Successful resolution of recurrent Clostridium difficile

Santhanamari Thiyagarajan and Alrowaili Majed Gorayan/Asian Pac J Trop Dis 2017; 7(11): 699-704

infection using freeze-dried, encapsulated fecal microbiota; pragmatic
cohort study. Am J Gastroenterol 2017; 112: 940-7.

[35] Kuehne SA, Collery MM, Kelly ML, Cartman ST, Cockayne A,
Minton NP. Importance of toxin A, toxin B, and CDT in virulence of an
epidemic Clostridium difficile strain. J Infect Dis 2014; 209: 83-6.

[36] Sandora TJ, Fung M, Flaherty K, Helsing L, Scanlon P, Potter-
Bynoe G, et al. Epidemiology and risk factors for Clostridium difficile
infection in children. Pediatr Infect Dis J 2011; 30: 580-4.

[37] Pepin J, Saheb N, Coulombe MA, Alary ME, Corriveau MP, Authier
S, et al. Emergence of fluoroquinolones as the predominant risk factor
for Clostridium difficile-associated diarrhea: a cohort study during an
epidemic in Quebec. Clin Infect Dis 2005; 41: 1254-60.

[38] Wilcox MH, Shetty N, Fawley WN, Shemko M, Coen P, Birtles A, et
al. Changing epidemiology of Clostridium difficile infection following
the introduction of a National Ribotyping-Based Surveillance Scheme
in England. Clin Infect Dis 2012; 55(8): 1056-63.

[39] Sansone S, Aschbacher R, Staffler M, Bombonato M, Girardi F, Larcher
C, et al. Nosocomial diarrhoea in adult medical patients: the role of
Clostridium difficile in a North Italian acute care teaching hospital. J
Prev Med Hyg 2009; 50: 117-20.

[40] McFarland LV, Ozen M, Dinleyici EC, Goh S. Comparison of pediatric
and adult antibiotic associated diarrhea and Clostridium difficile
infections. World J Gastroenterol 2016; 22(11): 3078-104.

[41] Chitnis AS, Holzbauer SM, Belflower RM, Winston LG, Bamberg WM,
Lyons C, et al. Epidemiology of community associated Clostridium
difficile infection, 2009 through 2011. JAMA Internal Med 2013; 173:
1359-67.

[42] Khanna S, Pardi DS, Aronson SL, Kammer PP, Orenstein R, St. Sauver
JL, et al. The epidemiology of community-acquired Clostridium
difficile infection: a population-based study. Am J Gastroenterol 2012;
107: 89-95.

[43] Pant C, Deshpande A, Gilroy R, Olyaee M, Donskey CJ. Rising
incidence of Clostridium difficile related discharges among hospitalized
children in the United States. Infect Control Hosp Epidemiol 2016;
37(1): 104-6.

[44] Schutze GE, Willoughby RE; Committee on Infectious Diseases;
American Academy of Pediatrics. Clostridium difficile infection in
infants and children. Pediatrics 2013; 131: 196-200.

[45] Nylund CM, Goudie A, Garza JM, Fairbrother G, Cohen MB.
Clostridium difficile infection in hospitalized children in the United
States. Arch Pediatr Adolesc Med 2011; 165(5): 451-7.

[46] Novack L, Kogan S, Gimpelevich L, Howell M, Borer A, Kelly CP,
et al. Acid suppression therapy does not predispose to Clostridium
difficile infection: the case of the potential bias. PLoS One 2014; 9(10):
¢110790.

[47] Reigadas E, Alcala L, Marin M, Martin A, Iglesias C, Bouza E. Role of
binary toxin in the outcome of Clostridium difficile infection in a non-
027 ribotype setting. Epidemiol Infect 2016; 144(2): 268-73.

[48] Al-Nassir WN, Sethi AK, Nerandzic MM, Bobulsky GS, Jump RL,
Donskey CJ. Comparison of clinical and microbiological response to
treatment of Clostridium difficile—associated disease with metronidazole
and vancomycin. Clin Infect Dis 2008; 47: 56-62.

[49] Bagdasarian N, Rao K, Preeti N. Diagnosis and treatment of
Clostridium difficile in adults: a systematic review. JAMA 2015; 313(4):
398-408.

[50] McDonald, Coignard B, Dubberke E, Song X, Horan T, Kutty PK.
Recommendations for surveillance of Clostridium difficile-associated
disease. Infect Control Hosp Epidemiol 2007; 28: 140-5.



