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Abstract: The burden of Clostridium difficile infection (CDI) is profound and growing. CDI now 

represents a common cause of health care–associated diarrhea, and is associated with significant 

morbidity, mortality, and health care costs. CDI disproportionally affects the elderly, possibly 

explained by the following risk factors: age-related impairment of the immune system, increas-

ing antibiotic utilization, and frequent health care exposure. In the USA, recent epidemiological 

studies estimate that two out of every three health care–associated CDIs occur in patients 65 years 

or older. Additionally, the elderly are at higher risk for recurrent CDI. Existing therapeutic options 

include metronidazole, oral vancomycin, and fidaxomicin. Choice of agent depends on disease 

severity, history of recurrence, and, increasingly, the drug cost. Bezlotoxumab, a recently approved 

monoclonal antibody targeting C. difficile toxin B, offers an exciting advancement into immuno-

logic therapies. Similarly, fecal microbiota transplantation is gaining popularity as an effective 

option mainly for recurrent CDI. The challenge of decreasing CDI burden in the elderly involves 

adopting preventative strategies, optimizing initial treatment, and decreasing the risk of recurrence. 

Expanded strategies are certainly needed to improve outcomes in this high-risk population. This 

review considers available data from prospective and retrospective studies as well as case reports 

to illustrate the merits and gaps in care related to the management of CDI in the elderly.

Keywords: Clostridium difficile, recurrence, risk factors, elderly, aging, treatment, bezlotox-

umab, fecal microbiota transplant

Introduction
Clostridium difficile (C. difficile) is increasingly being recognized as a major cause of 

gastrointestinal infections worldwide, with 70%–80% of C. difficile infections (CDIs) 

occurring in adults aged 65 and older.1–3 The inciting agent C. difficile is a ubiquitous 

anaerobic, spore-forming, Gram-positive bacterium. The elderly are especially vul-

nerable to CDI.4 Indeed, reducing the incidence of CDI in this population is crucial 

because of the significant morbidity, mortality, and financial cost associated with this 

infection.5 There are a number of therapeutic agents in development and currently 

being utilized for CDI, including antibiotics, probiotics, fecal transplantation therapy, 

antibody-based immunotherapy, and vaccines.6–9 In this article, we review the epide-

miology of CDI, discuss risk factors, and outline current and emerging therapeutic 

options as it pertains to the geriatric population.

Pathogenesis and epidemiology
The pathogenesis of CDI lies in the dysregulation of the normal indigenous gastrointes-

tinal microbiota typically secondary to systemic antimicrobial use.10,11 The histopatho-

logic hallmark of CDI is damage to the mucosal epithelial cell lining with generation 

of an acute, neutrophil-predominant inflammatory response and the formation of 
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pseudomembranes.10,12 Damage to the epithelium is caused by 

C. difficile virulence factors, the glucosyltransferase toxin A 

(TcdA) and toxin B (TcdB). The clinical manifestations of 

CDI range from mild diarrhea to life-threatening conditions 

such as pseudomembranous colitis and toxic megacolon. 

It should be noted, however, that C. difficile burden varies 

dramatically by geographic region, between institutions, and 

even between units of the same hospital.12,13

Over the last few decades there has been a dramatic 

rise in CDI incidence. Rates of CDI tripled in the USA and 

Canada.1,14 Of great concern is the fact that severe and fatal 

CDI predominantly affects elderly, nursing home patients, 

and those with poor functional status.1,15 A 2015 report from 

the Center for Disease Control and Prevention noted that one 

out of every three CDIs occurs in patients 65 years or older 

and two out of every three health care–associated CDIs occur 

in patients 65 years or older.16 Indeed, CDI hospitalization 

rates were approximately fourfold for adults 65–84 years 

old and tenfold for adults $85 years old compared to adults 

45–64 years old utilizing data from the Healthcare Cost and 

Utilization Project.17 Another study found that US rates of 

hospital discharges with CDI increased from ~5 per 1,000 

discharges in 2,000 to greater than 10 per 1,000 discharges 

in 2008; increases were especially prominent among 

those $65 years of age (Figure 1).3

According to national mortality data records, C. difficile-

related deaths in the USA rose from 5.7 deaths per million 

in 1999 to 23.7 in 2004 with a median age of death reported 

as 82 years.18 The substantial increase in CDI incidence has 

been primarily attributed to the emergence of a more viru-

lent strain categorized as North American pulsed-field 1/

PCR-ribotype 027 (NAP1/BI/027). NAP1/BI/027 virulence 

is characterized by increasing fluoroquinolone resistance, 

production of binary toxin, increased toxin production, and 

higher sporulation rates.1,12

The aging host: risk factors for CDI
Several prospective and retrospective trials have looked into 

risk factors, including advanced age, as being contributors 

to the development and severity of CDI. The three main 

factors are exposure to systemic antimicrobial therapy for 

other infections, exposure to C. difficile spores, and the host 

immune response (Table 1).1,2,10,19–23

The risk of CDI is the highest during systemic anti-

microbial therapy and in the first month after cessation of 

antimicrobial therapy thereafter.1 Antimicrobials that pose 

the greatest risk of CDI are clindamycin, cephalosporins, and 

fluoroquinolones, and to a lesser frequency macrolides and 

sulfonamides. A meta-analysis identified that fluoroquinolone 

use and age over 65 years were associated with a higher risk of 

CDI because of the NAP1/BI/027 strain.23,24 Studies also sug-

gest probable association between proton-pump inhibitor (PPI) 

use and incident and recurrent CDI. In a 15-month prospective 

Canadian cohort study, Loo et al found that older age, use of 

antibiotics, and use of PPI were significantly associated with 

health care–associated CDI. Specifically, the authors found 

that for each additional year of age .18 years, the risk of 

health care–acquired CDI increased by 2% (odds ratio [OR] 

1.02; 95% CI 1.00–1.04).25 Among the many risk factors for 

CDI, the most readily modifiable is antimicrobial utilization. 

In the USA, 25%–75% of antibiotic prescriptions for long-

term care residents have been found to be inappropriate.26 

Figure 1 Incidence of nosocomial Clostridium difficile infection.
Notes: The overall incidence of nosocomial C. difficile infection is shown by year (blue), as is the incidence according to patient age (black). From N Engl J Med, Leffler DA, 
Lamont JT, Clostridium difficile infection, 372(16):1539–1548. Copyright © (2015) Massachusetts Medical Society. Reprinted with permission from Massachusetts Medical Society.3
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Undeniably, reducing antimicrobial use also reduces CDI 

rates. For example, an effort to improve antimicrobial utili-

zation and stewardship at a Veterans Affairs (VA) long-term 

care facility (LTCF) resulted in an infectious disease consult 

service achieving a 30% reduction in antimicrobial use, which 

correlated with a significant decrease in the rate of positive 

C. difficile tests.27 Advanced age and receipt of non-CDI anti-

microbials during or after CDI treatment were significantly 

associated with CDI recurrence.28,29 The validated results of a 

prediction tool by Hu et al29 consistently predicted CDI recur-

rence in patients with three clinical factors: age .65 years, 

severe or fulminant underlying illness (assessed by Horn 

Index), and additional antimicrobial use after initial CDI treat-

ment. Median age of patients in the cohort was 69 years.29

Host factors are also important CDI risks, with advanced 

age, immunosuppression, prior hospitalization, and severity 

of underlying illness contributing to an increased risk. Aging 

alters important physiologic barriers to infection, ranging 

from changes in genitourinary physiology that impairs 

bladder function to decreased gastrointestinal microbial 

diversity.30 In addition, the complex changes in the immune 

system related to advancing age, collectively called immu-

nosenescence, play a key role in increased susceptibility in 

the elderly. Immunosenescence has been associated with a 

decrease in T-cell and B-cell counts as well as a decline in 

cell function.31–33 This age-related pathophysiology enhances 

morbidity and mortality risk as it limits the ability of older 

adults to respond to microbes. Indeed, older adults have 

been shown to exhibit an increase in incidence of infections 

compared to their younger counterparts.30

In addition, decreased functional status is increasingly 

being recognized as an important and independent risk factor 

for poor outcomes among older adults, further enhancing the 

risk and severity of infections.15,34 Utilizing an assessment of 

activities of daily living prior to hospitalization and at onset 

of CDI, Rao et al identified impaired functional status as an 

independent risk factor for severe CDI in patients 50 years 

and older.15

Therapeutic agents
The management of CDI involves three basic principles: 

1) supportive care with fluid and electrolyte replacement, 

2) discontinuation of the precipitating antimicrobials when 

appropriate, and 3) the initiation of effective anti-Clostridium 

difficile therapy. The drugs available in the USA for the treat-

ment of CDI are listed in Table 2.

The goals of successful treatment are the elimina-

tion of symptoms and the prevention of recurrent CDI. 

Currently, CDI treatment regimens depend on severity of 

CDI and if the presentation is an index or recurrent episode 

(Table  3).19–21 While certainly a consideration for severe 

CDI, treatment recommendations are not currently stratified 

by patient age.

Table 1 Risk factors associated with CDI development and 
recurrence

Risk factors

Pharmacotherapy Number and days of systemic concomitant 
antibiotic use
High-risk antibiotic (clindamycin, fluoroquinolones, 
second generation cephalosoprins and higher)
Proton-pump inhibitors and histamine type 2 
blockers

Past health care 
exposure

Prior hospitalization
Duration of hospitalization
Long-term care residency

Host immunity Lack of antibody response to Clostridium difficile toxin
Severity of underlying illness
Comorbidities

Increasing age .65 years and older
Per-year increment over 18 years

CDI experience Previous CDI infection

Abbreviation: CDI, Clostridium difficile infection.

Table 2 Recommended medical therapy for Clostridium difficile infection

Disease severity Therapeutic agent If significant risk of recurrence

Mild to moderate Metronidazole 500 mg by mouth, three times daily, for 10–14 days
If intolerant to metronidazole: vancomycin 125 mg by mouth, 
four times daily, for 10–14 days

Vancomycin 125 mg by mouth, four times daily, for 
10–14 days
Fidaxomicin, 200 mg by mouth, twice daily, for 10 days

Severe Vancomycin 125 mg by mouth, four times daily, for 10–14 days Fidaxomicin 200 mg by mouth, twice daily, for 10 days
Severe, complicated Vancomycin 125 mg or 500 mg* by mouth, four times daily 

and/or vancomycin 500 mg per rectum four times daily* and 
metronidazole 500 mg intravenously every 8 hours
Surgical consultation/management

Fidaxomicin 200 mg by mouth, twice daily, for 10 days

Recurrent First recurrence: repeat same regimen used for initial episode
Second recurrence: pulsed or tapered oral vancomycin regimen
Third recurrence: vancomycin plus fecal microbiota transplant

Fidaxomicin 200 mg by mouth, twice daily, for 10 days

Notes: Based on IDSA/SHEA, ACG, and ESCMID guideline recommendations. *If ileus, toxic colon, or significant abdominal distension.
Abbreviations: IDSA, Infectious Diseases Society of America; SHEA, Society for Healthcare Epidemiology of America; ACG, American College of Gastroenterology; 
ESCMID, European Society of Clinical Microbiology and Infection.
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Metronidazole and vancomycin
Early studies suggested that oral metronidazole and oral 

vancomycin had equivalent efficacy, with similar tolerability.35 

Newer data suggest higher treatment failure rates when met-

ronidazole is used in severe or complicated CDI.36–38 In the 

first randomized controlled trial (RCT) comparing vancomy-

cin to metronidazole for the treatment of CDI, vancomycin 

therapy was superior to metronidazole therapy overall, but 

this treatment benefit was limited to patients with severe dis-

ease. Approximately half of the study participants (N=150) 

were older than 60 years (47%). While age was not evaluated 

in subgroup analysis, patient characteristics that were statisti-

cally more common in the metronidazole treatment failure 

group were a low albumin level, admission to the intensive 

care unit, and the presence of pseudomembranous colitis on 

endoscopic examination.37 In response to metronidazole’s 

lower drug cost, vancomycin efficacy data, and a theoretical 

risk of promoting vancomycin-resistant enterococci, major 

guidelines consider oral metronidazole as the primary agent 

for only mild-to-moderate CDI.19–21,37 Of note, vancomycin 

is also inexpensive if the intravenous form of the drug is 

formulated for oral administration.

Tolevamer is a toxin-binding polymer that neutralizes the 

effects of C. difficile toxins A and B in vitro. Despite encour-

aging early-phase results, tolevamer failed to meet its primary 

endpoint of noninferiority to vancomycin in Phase III clinical 

trials.39 In these Phase III trials comparing tolevamer with 

vancomycin and metronidazole, the investigators found that 

while tolevamer was inferior to both metronidazole and van-

comycin, metronidazole was inferior to vancomycin (clinical 

success rates of 44.2%, 72.7%, and 81.1%, respectively). 

These differences were more pronounced in severe CDI 

(clinical success rates of 66.3% for metronidazole and 78.5% 

for vancomycin). Due to the randomization of patients to each 

tolevamer, metronidazole, and vancomycin treatment arm, 

this study actually represented the largest randomized study 

comparing metronidazole (n=278) to vancomycin (n=259) 

for the treatment of CDI. In post hoc analysis, age #65 years 

compared to age .65 years was not shown to influence 

clinical success.39 Despite the tolevamer study providing no 

evidence for an impact of age on treatment success, advanc-

ing age has been shown in numerous studies to influence 

treatment outcomes. For example, a systematic review of 

39 articles from 2001 to 2010 by Vardakas et al allowed 

an assessment of the impact of age on treatment failures.36 

The median age was greater than 65 years in 22 studies and 

65 years and younger in 15 other studies. In age-specific 

analysis, more total treatment failures were reported in 

studies with older patients (median age .65 years) compared 

to younger patients (24.7% vs 19.6%; p=0.005). Total CDI 

recurrences were also higher in studies with older patients 

than in studies with younger patients (23.4% vs 19.4%; 

p=0.003). Treatment failure with metronidazole in studies 

with older patients was 27.4% and that of younger patients 

was 17.6% (p,0.001). The corresponding recurrence was 

33.9% in older patients and 17.9% in younger patients 

(p,0.001). No age-related difference was observed in treat-

ment failure and recurrence with vancomycin, suggesting that 

metronidazole may be associated with poorer outcomes in 

the elderly population.36

Seventy patients were identified in a retrospective chart 

review (January–December 2006) to examine the clinical 

course of CDI in the patients 80 years and older (mean 

age: 84.0±4.1; range 80–94). The aim of this study was to 

characterize CDI in the “oldest” old population. Majority 

of patients received antibiotics (81.4%) and PPI (58.5%) 

during the 30 days prior to CDI presentation. Twelve patients 

(17.1%) died within 90 days of initial presentation, with one 

death directly attributable to CDI. Overall, treatment failure 

occurred in 18 (25.7%) patients and correlated with leuko-

cytosis on presentation. While the small number of patients 

on vancomycin precluded a comparison of efficacy between 

metronidazole and vancomycin, the authors concluded that 

initial CDI therapy with vancomycin may be appropriate for 

elderly patients, especially those with elevated white blood 

cell counts.40

Mounting evidence, therefore, suggests that in older 

adults with CDI, recurrence and treatment failure with 

Table 3 Current treatment options available in the USA

Drug name Class Dose and frequency

Metronidazole Nitroimidazole 500 mg by mouth or 
IV three times daily

Vancomycin Glycopeptide 125–500 mg by mouth 
four times daily

Fidaxomicin Macrolide 200 mg by mouth twice a day
Nitazoxanide Nitrothiazolide 500 mg by mouth twice a day
Tigecycline Tetracycline 100 mg IV loading dose 

followed by 50 mg IV 
twice daily

Rifaximin Rifamycin 200–400 mg by mouth twice 
or three times daily

Bezlotoxumab Monoclonal 
antibody

Single dose of 10 mg/kg 
intravenously

Fecal 
microbiota

– Various formulations 
and regimens

Probiotics Nutritional 
supplement

Various formulations 
and regimens

Abbreviation: IV, intravenous.
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metronidazole may be higher, so it may be reasonable to 

initiate therapy with vancomycin in all older adults with CDI.

Fidaxomicin
Fidaxomicin, US Food and Drug Administration (FDA) 

approved in May 2011 for CDI, is a bactericidal macrolide 

that inhibits nucleic acid synthesis by impairing bacterial 

RNA polymerase activity.41 Fidaxomicin has a narrower 

spectrum of antimicrobial activity than metronidazole or 

vancomycin, thus limiting disruption to the normal gastro-

intestinal flora.42 In addition, fidaxomicin has a prolonged 

post-antibiotic effect (~10 hours) allowing for twice-daily 

dosing.43

The in vitro effect of fidaxomicin and its metabolite, 

OpT-1118, on C. difficile growth and sporulation dynamics 

was compared to vancomycin, metronidazole, and rifaximin. 

In comparison to the three comparator drugs, fidaxomicin and 

OpT-118 effectively inhibited C. difficile sporulation.43 More 

recently, Housman et al sought to compare the number of 

C. difficile vegetative cells and spores in stool among patients 

receiving fidaxomicin or vancomycin as treatment for their 

first CDI episode. Thirty-four patients were enrolled, majority 

of them elderly: mean ages of the fidaxomicin (n=18) and 

vancomycin groups (n=16) were 69 years (±15 years) and 

66 years (±15 years), respectively. Vancomycin and fidaxo-

micin therapy both resulted in rapid decreases in vegetative 

C. difficile counts throughout therapy; however, more patients 

receiving fidaxomicin achieved at least a 2 log
10

 colony-

forming units/g reduction in spores at the 2-week follow-up 

visit (p=0.02).44

Several clinical trials, with an adequate representation of 

elderly patients, have been conducted to compare the effi-

cacy and safety of fidaxomicin in CDI treatment. In the two 

Phase III noninferiority RCTs, fidaxomicin was compared 

with vancomycin in the treatment of new-onset or first recur-

rence of CDI with a 28-day follow-up period.45–47 A total of 

1,164 participants were evaluated in the pooled dataset. The 

mean reported age was 63 years and 61 years in the Louie 

study and Cornely study, respectively.45,46 Fidaxomicin was 

proven to be noninferior to vancomycin for CDI treatment 

and more effective than vancomycin in reducing the rate 

of recurrence. These findings were not influenced by age 

stratification (age ,65 vs $65 years) in subgroup analysis. 

It should be noted that fidaxomicin was not associated with 

fewer recurrences among patients infected with the NAP1/

BI/027 strain versus those infected with other C. difficile 

strains, possibly due to the small numbers of NAP1/BI/027 

strain-infected patients. With regard to adverse events, 

fidaxomicin was well tolerated with a similar safety profile 

compared to oral vancomycin.47

Utilizing combined data from the two RCTs conducted for 

fidaxomicin drug approval, Louie et al examined the effects 

of age (characterized in decades: #40, 41–50, 51–60, 61–70, 

71–80, and .80 years) and study drug on CDI outcomes.48 

They reported a statistically significant linear effect of age 

on CDI outcomes, specifically a 17% lower clinical cure, 

17% greater recurrence, and 13% lower sustained clinical 

response by advancing decade than in those younger than 

40 years (p,0.01 each). Vancomycin and fidaxomicin were 

comparably effective in attaining clinical cure in all age 

strata; however, for participants who achieved clinical cure, 

fidaxomicin-treated participants were half as likely to have 

had a recurrence as participants treated with vancomycin 

(OR =0.46; 95% CI 0.32–0.67; p,0.001). Consequently, 

the authors suggest that fidaxomicin be considered an alter-

native to vancomycin for treatment of CDI, particularly in 

elderly adults, who have a higher likelihood of developing 

recurrent disease.48

While fidaxomicin has a favorable safety and twice-a-

day dosing profile, its current high drug acquisition cost 

poses a significant barrier to adoption in clinical practice. 

However, given its advantage in reducing the risk of recur-

rent CDI, targeting its use to populations at highest risk of 

relapse, including elderly patients, may prove to be cost-

effective.19–23,49,50

Oral vancomycin and fidaxomicin are poorly absorbed; 

thus, systemic adverse effects are minimal. In addition, oral 

vancomycin and fidaxomicin do not require dose adjustment 

in the elderly or in patients with hepatic or renal dysfunction. 

On the other hand, the oral formulation of metronidazole 

is systemically absorbed but achieves effective concentra-

tions in the colon after secretion back into the lumen.19,51 

Intravenous and oral metronidazole have frequently been 

reported to cause diarrhea, nausea, gastrointestinal discom-

fort, and dysgeusia. Severe adverse effects of metronidazole 

include seizures, encephalopathy, and peripheral neuropathy. 

Metronidazole is also implicated in several drug interactions 

including an increased risk of bleeding with concomitant 

warfarin, a commonly utilized anticoagulant in the elderly. 

Fortunately, metronidazole dose adjustment is not required 

in the elderly.52

Bezlotoxumab
Although metronidazole, vancomycin, and fidaxomicin 

are effective in the treatment of CDI, they each disrupt the 

indigenous gastrointestinal microbiota to varying degrees. 
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This presents a considerable challenge in the risk reduction 

of recurrent CDI episodes. Because the pathogenesis of CDI 

is closely linked to the dysregulation of the gastrointestinal 

microbiota and host immune response, the development of 

immunotherapy is a rational therapeutic strategy and an area 

of increased interest. The severity and range of the symptoms 

of CDI are caused by the two C. difficile virulence factors, 

TcdA and TcdB. The magnitude of antibody response to these 

C. difficile virulence toxins is inversely correlated with the 

relative risk of developing recurrent disease. Indeed, studies 

have identified low endogenous anti-TcdA and -TcdB anti-

body levels as a risk factor for CDI recurrence.53

Bezlotoxumab, approved in October 2016 by the FDA, is 

a human monoclonal antibody that binds to and neutralizes 

TcdB. This therapeutic strategy represents a recent advance 

in antibody-based immunotherapy for managing CDI. 

Bezlotoxumab binds to the combined repetitive oligopep-

tide domains of TcdB, and, through x-ray crystallography, 

has been shown to prevent binding of TcdB to mammalian 

cells.54,55 In addition to inciting a release of proinflamma-

tory factors such as interleukin 8, TcdA and TcdB disrupt 

gastrointestinal epithelial cell tight junction resulting in 

acute diarrhea.54–57 The postulated mechanism of action of 

bezlotoxumab is direct toxin neutralization, thereby prevent-

ing the deleterious toxin effects and leading to restoration of 

a healthy microbiota.58,59

Bezlotoxumab is indicated in patients who are receiving 

standard-of-care anti-C. difficile treatment and are at a high 

risk for CDI recurrence.60 The median age of participants 

was 66 years in the pivotal Phase III trials. CDI recurrence 

occurred in 16.5% of the bezlotoxumab group compared 

to 26.6% (p,0.0001) in the placebo group. Sustained cure 

(defined as initial clinical cure of the baseline episode of CDI 

and no recurrent infection through the 12-week follow-up 

period) was 64% with bezlotoxumab compared to 54% with 

placebo. Across prespecified groups who were at high risk 

for recurrent CDI, the rates of recurrent infection were lower 

with receipt of bezlotoxumab. In particular, among patients 

65 years or older, bezlotoxumab was associated with a CDI 

recurrence rate that was 51% lower than that associated with 

placebo.59 While bezlotoxumab was found to protect against 

CDI morbidity, like all medications, potential adverse events 

exist. Heart failure was more commonly reported in patients 

who received bezlotoxumab compared to placebo (12.7% vs 

4.8%, respectively), prompting the FDA to require a warning 

label in the bezlotoxumab package insert.59,60

In addition, the impact of systemic concomitant 

antibiotics on the efficacy of bezlotoxumab is necessary to 

add valuation to this new therapy. Interestingly, actoxumab, 

developed in tandem with bezlotoxumab, is another human 

monoclonal antibody that neutralizes toxin A. However, 

actoxumab alone did not decrease C. difficile recurrence and 

had a worse adverse event profile.59 Antibodies are poised to 

become an essential therapeutic strategy in the management 

of CDI and bezlotoxumab represents a significant advance-

ment. However, like most first-in-class agents, concerns over 

real-world effectiveness and drug cost remain.

Fecal microbiota transplant
Relapse of CDI occurs in 10%–25% of patients treated with 

metronidazole or vancomycin. Furthermore, multiple relapses 

in the same individual are common.28,37 In recognition of the 

importance of restoring balance to the disrupted gastroin-

testinal flora, major guidelines have addressed the role of 

fecal microbiota transplant (FMT) but differ in their recom-

mendations given the limited evidence at time of respective 

publications.19–21 For example, the 2010 Infectious Diseases 

Society of America/Society for Healthcare Epidemiology of 

America guidelines recognized FMT as a promising emerging 

therapy but due to a lack of randomized controlled trials were 

unable to evaluate its efficacy and safety.19 On the other hand, 

for multiple recurrent CDIs unresponsive to repeated antibiotic 

treatment, European Society of Clinical Microbiology and 

Infection strongly recommends the use of FMT in combina-

tion with oral antibiotic treatment.21 The American College of 

Gastroenterology offered a more reserved recommendation, “if 

there is a third recurrence after a pulsed vancomycin regimen, 

FMT should be considered (Conditional recommendation, 

moderate-quality evidence)”.20

Since the major guidelines were published, interest in FMT 

has grown rapidly. A review of the literature reveals that FMT 

is gaining acceptance as an effective therapy for recurrent 

CDI.61 Cumulative experience from case series and controlled 

trials shows that FMT is effective (80%–90%) when used to 

treat relapsing CDI.62–65 For example, a recent systemic review 

evaluated data from two RCTs, 28 case-series studies, and five 

case reports. The study subjects were predominantly elderly, 

and symptom resolution was seen in 85% of cases.65

To better understand the impact of FMT on CDI in the 

elderly, Burke et al identified 115 patients from 10 pooled 

case studies, ranging in age from 60 to 101 years (mean 

age: 77 years). Durable remission of CDI was achieved in 

103 (89.6%) patients over a follow-up period of 2 months 

to 5 years (mean 5.9 months). Cure rate in the older popu-

lation (89.6%) was not significantly different from that of 

the 52 younger individuals (80.8%) in the included studies 

(p=0.26). Although most achieved bacteriological cure 

without complication, one patient died of peritonitis that 
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may have resulted from nasogastric tube perforation during 

fecal transplantation.66 In the subgroup analysis of a more 

recent meta-analysis, long-term outcomes of FMT for CDI 

were compared between older individuals ($65 years old) 

and younger individuals (,65 years old). The primary cure 

rate (resolution of diarrhea without recurrence within 90 days 

of FMT) was higher in younger individuals compared to 

older individuals (99.4% vs 87.0%; p=0.0003). Among 

younger groups, the overall recurrence rate post-FMT 

was 4.6% compared to 9.3% for older individuals. The 

authors concluded that while FMT is likely a highly effec-

tive and robust therapy for recurrent CDI in adults, old age 

($65 years) should be considered as a risk factor for early 

CDI recurrence post-FMT therapy.67

Identification of a healthy stool donor is an essential 

initial step to successful FMT. Because the indigenous gas-

trointestinal microbiota undergoes age-related changes, the 

selection of healthy FMT donors from among the elderly 

population may prove a challenge. In practice, younger 

donors tend to donate stool samples for their older relatives 

while older donors commonly donate specimens for their 

spouses. Guidelines do not suggest an upper limit of age 

to exclude donors for the purpose of FMT.68 To address 

the lack of data regarding the effect of donor age on fecal 

microbiota and its clinical efficacy in patients with recurrent 

CDI, Anand et al utilized stool sample rRNA sequencing 

and demonstrated that while there was a decrease in the 

abundance of phylum Actinobacteria in donors above 60 

years of age compared to the younger donor group (,60 

years), there was no significant difference in the alpha 

diversity between the two donor groups.69 Additional 

larger studies in both age and ethnic diverse popula-

tions are required to corroborate these findings.

Despite the growing support for FMT, clinicians and 

patients need to be cognizant of the inevitable risk of com-

municable disease transmission.70 Another important consid-

eration is the route of administration. A number of delivery 

modalities have been described for FMT: nasogastric or 

nasojejunal tube, colonoscopy, and enemas. Recently, the 

development of oral FMT capsules has garnered interest. 

The safety and rate of diarrhea resolution following admin-

istration of oral capsulized frozen FMT was evaluated in a 

feasibility study with 20 patients (median age 64.5 years; 

interquartile range 53.5–78.3). Resolution of diarrhea was 

achieved in 14 patients (70%; 95% CI 47%–85%) after a sin-

gle-capsule-based regimen and in 90% of patients after non-

responders were retreated. Age was not associated with CDI 

relapse.71 Having a variety of delivery modalities, especially 

oral FMT capsules, may benefit the elderly population 

because of ease of administration and the avoidance of  

procedure-associated risk with invasive administration 

modalities such as colonoscopy.70–72

Probiotics
Probiotics, a nutritional supplement, contain either a single 

culture or a mixed culture of live microorganisms such as 

Lactobacillus and Bifidobacterium strains and the yeast 

Saccharomyces boulardii.73,74 They represent another thera-

peutic strategy targeting the restoration of microbiota flora.

Evidence around the probiotic effect has been mixed.75,76 

For example, the largest placebo-controlled randomized trial 

conducted in 2,941 inpatients aged 65 years or older that 

received probiotics (multistrain preparation of Lactobacillus 

and Bifidobacterium) failed to demonstrate a reduction 

in antibiotic-associated diarrhea or C. difficile rates.75 On 

the other hand, a recent meta-analysis, incorporating the 

aforementioned trial in addition to 25 other studies, did 

show a significantly lower risk of developing CDI in the 

probiotics group compared to the control group (relative risk 

[RR] =0.395; 95% CI 0.294–0.531; p,0.001).77 Subgroup 

analysis identified that Lactobacillus, Saccharomyces, or a 

mixture of probiotics was beneficial in reducing the risk of 

developing CDI. Probiotics were beneficial for both adults 

(RR =0.405; 95% CI 0.294–0.556; p,0.001) and children 

(RR =0.341; 95% CI 0.153–0.759; p=0.008).77

Though there are numerous studies and several systematic 

reviews evaluating the use of probiotics, the wide variety of 

probiotic strains, dosages, and durations of therapy makes 

it difficult to interpret. Overall, there is moderate-quality 

evidence supporting a protective effect of probiotics in pre-

venting CDI in patients taking antibiotics.10,75,77 In addition, 

the use of probiotics has been controversial because of the 

rare case reports of fungemia in both immunocompromised 

and immunocompetent patients.75,78 High-quality studies, 

utilizing standardized regimens, are certainly required in 

diverse populations including the elderly.

Combination antibiotics
There is a paucity of data on the efficacy of combination 

therapy in the management of CDI. Njoku et al sought to 

shed light on the impact of combination therapy versus 

monotherapy for CDI in a recent single-center study.79 

Median age was 59 years and 63 years in the monotherapy 

and combination therapy groups, respectively (p=0.08). 

Approximately 9% of patients were admitted from a nursing 

or LTCF. Overall, 177 of 248 patients (71.4%) achieved clini-

cal cure. There were no differences in time to return of daily 

bowel movements to #2/day, clinical cure, length of stay, 
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recurrence, or mortality, and while not clinically significant 

the combination therapy group had longer duration of therapy 

than the monotherapy group (15 vs 14 days; p=0.009).79

In a systematic review comparing metronidazole mono-

therapy with vancomycin monotherapy and combination 

therapy in CDI patients, no statistically significant differ-

ence was observed between monotherapy and combination 

therapy. The rate of adverse drug events was lower for 

monotherapy than that for combination therapy (OR =0.30; 

95% CI 0.17–0.51; p,0.0001).80

Miscellaneous agents
Besides the therapies discussed earlier, other therapeutic 

agents have been utilized for the treatment of CDI including 

rifaximin, nitazoxanide, and tigecycline. Most of the evidence 

for these agents comes from case reports and their utility in 

the elderly is largely unknown.

Nitazoxanide
Nitazoxanide, a nitrothiazolide, is FDA approved for the 

treatment of cryptosporidiosis and giardiasis, and is routinely 

employed in the management of parasitic intestinal infections 

through inhibition of anaerobic metabolism. However, for the 

treatment of CDI, there appears to be limited evidence.

In a noninferior, RCT, nitazoxanide was shown to be 

at least as effective as metronidazole in the treatment of 

C. difficile colitis. This study was conducted across seven 

VA medical centers with a predominance of elderly male 

patients.81 Subsequently, a similarly designed study by the 

same investigators was designed to compare vancomycin and 

nitazoxanide therapy.82 Among those who completed therapy, 

sustained response rates were 78% for the vancomycin group 

and 89% for the nitazoxanide group. Forty percent of patients 

were categorized as severe CDI and mean age was 59.6 years 

and 65.7 years in the nitazoxanide and vancomycin groups, 

respectively (p=0.19). The small sample (N=49) precluded 

any noninferiority analysis; nonetheless, the results suggest 

that nitazoxanide may be as effective as vancomycin.82

Tigecycline
A derivative of minocycline, tigecycline has broad-spectrum 

activity against Gram-positive and Gram-negative organ-

isms and anaerobic bacteria such as Bacteroides fragilis.83 

Several case reports have reported the use of intravenous 

tigecycline as salvage therapy for severe refractory cases 

of CDI with varying outcomes. A limited number of these 

reports involved elderly adults.84,85

In one such case series, Herpers et al present four 

patients with severe refractory CDI who were successfully 

treated with tigecycline. Three patients had previously failed 

standard CDI therapy while one patient was treated with 

tigecycline upon CDI onset. The pertinent demographics of 

the patients are as follows: 59-year-old male, 36-year-old 

female, 36-year-old male, and an 82-year-old female.84

A single-center retrospective study by Thomas et al 

compared the outcomes of patients who received standard-of-

care therapy with tigecycline (n=18) versus standard-of-care 

therapy without tigecycline (n=26) for severe CDI.86 Median 

age of patients in the tigecycline group was 55 years and 

63 years in the non-tigecycline group. No difference in treat-

ment outcomes including overall survival, colectomy rates, 

and relapse rates were observed between the two groups.86

Rifaximin
Rifaximin is a nonabsorbable derivative of rifamycin. It is pri-

marily used in the management of irritable bowel syndrome, 

hepatic encephalopathy, and traveler’s diarrhea. Rifaximin 

shows potent activity against C. difficile, and clinical anec-

dotes have reported use as an adjunctive antibiotic for the 

treatment of recurrent and refractory CDI. For the treatment 

of mild-to-moderate CDI, clinical success with rifaximin 

(57%) was similar to vancomycin (64%) therapy but failed 

to achieve the goal of noninferiority in a RCT.87

Johnson et al reported the clinical courses of the six CDI 

recurrent patients treated with rifaximin (post-vancomycin 

treatment).88 The six patients were 88, 33, 78, 85, 81, and 

66  years old, with a mean age of 72 years. Four of the 

six patients (67%) had no further diarrhea episodes, but 

two patients relapsed shortly after or during the rifaximin 

treatment. Of note, the two patients classified as treatment 

failure were elderly (88 and 85 years old), and one of these 

two patients had a C. difficile isolate minimum inhibitory 

concentration of .256 μg/mL to rifampin.88

Cost-effectiveness
In addition to contributing to patient morbidity and mortal-

ity, CDI exerts a substantial financial toll on health systems, 

with a total US economic burden thought to exceed $1 billion 

per year.89 As a result, hospitals and third-party payers are 

increasingly relying on the economic analysis of available 

and emerging therapeutic agents in their formulary decision-

making. The varied purchasing, pricing, and insurance 

reimbursement structures utilized in different countries limit 

extrapolation of these analyses.

For example, analysis from a Scottish public health care 

provider perspective showed that compared to vancomycin, 

fidaxomicin is cost-effective in either patients with severe 

CDI or a first CDI recurrence.50 In the USA, Konijeti et al 
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compared four treatment strategies (metronidazole, vanco-

mycin, fidaxomicin, and FMT via colonoscopy) for first-

line treatment of recurrent CDI in a hypothetical cohort of 

patients with a median age of 65 years.90 Initial treatment 

with FMT via colonoscopy was the most cost-effective 

strategy for recurrent CDI at cure rates greater than 88.4%. 

In clinical setting where FMT via colonoscopy is not avail-

able or cure rates are lower than threshold, oral vancomycin 

was more cost-effective.90 Similarly, FMT by colonoscopy 

(or enema, if colonoscopy is unavailable) was concluded to 

be cost-effective for treating recurrent CDI in Canada. The 

modeled patient in this particular study was a 70-year-old 

community-dweller.91

With regard to fidaxomicin in particular, cost-effectiveness 

analysis has been mixed given the varied methodological 

approaches. For example, utilizing a number-needed-to-treat 

of 7.1 for sustained clinical response from the two pivotal 

fidaxomicin trials, an epidemiologic study estimated that at 

$280 US dollars, fidaxomicin represents value for money in 

the treatment of CDAD.92 On the other hand, Bartsch et al 

utilized a decision analytic simulation model to demonstrate 

that using fidaxomicin as a first-line treatment for CDI is not 

cost-effective when NAP1/BI/027 accounts for ~50% of 

infecting strains. In fact, a course of fidaxomicin would need 

to cost #$150 to be cost-effective in the treatment of all CDI 

cases. The authors suggest that treatment with fidaxomicin 

based on strain may be a reasonable approach.93

Conclusion
Our understanding of CDI continues to evolve but it is 

apparent that advanced age is a major risk factor and one that 

results in substantial morbidity and mortality. Appropriate 

CDI prevention and management strategies involve antimi-

crobial and non-antimicrobial complimentary approaches. 

Metronidazole remains the initial treatment for mild-to-

moderate CDI in majority of patients; however, evidence 

suggests that vancomycin or fidaxomicin may be considered 

as first-line options in the elderly. Certainly, there is no one-

size-fits-all approach. For each elderly patient, therapeutic 

decisions should be guided by several factors, including the 

severity of the primary infection, underlying comorbidities, 

the severity of CDI, and the patient’s end-of-life wishes.

An updated C. difficile management guideline by Infec-

tious Diseases Society of America/Society for Healthcare 

Epidemiology of America is anticipated in 2017 and will 

likely provide evidence-based recommendations on cur-

rent and emerging treatment options, including FMT and 

bezlotoxumab, especially in populations at greatest risk of 

relapse. A concerted effort from national and state public 

health agencies, health care providers, and antimicrobial 

stewardship teams is required to decrease the burden of 

CDI in our aging population. Finally, the limited studies 

on CDI management among the elderly, especially LTCF 

residents, warrant further research to identify poor prog-

nostic indicators and to validate interventions that may 

improve outcomes among this vulnerable population.
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