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Foreword

The chapters of this book were planned to cover the most important issues to

be addressed in the study of infections due to Clostridium difficile, a micro-

organism still feared not only as the cause of nosocomial diarrhea related to

protracted antibiotic administration but more and more frequently of

diarrheal diseases unrelated to the hospital environment, including those

affecting animals. In the last decades, a growing number of clinicians,

microbiologists, and epidemiologists have investigated this topic, as

evidenced by the large amount of scientific publications still in an upward

trend over the years. In particular, this book has been focused on the clinical

and experimental activities carried out in Europe for a better knowledge of

this pathogen and its molecular characteristics, associated pathologies, and

possible transmission routes, as well as to build up preventive and diagnostic

strategies and efficacious therapeutic approaches for the treatment of

C. difficile infection (CDI).

Thanks also to the foundation of the European Study Group on C. difficile
(ESGCD) in 2000, in the framework of the European Society of Clinical

Microbiology and Infectious Diseases (ESCMID), European clinicians and

researchers, together with experts from all over the world, were able to

consolidate the already existing, positive collaboration that led in recent

years to the establishment of a European network for the epidemiological

surveillance, the molecular characterization, and the evaluation of the antibi-

otic resistance profile of the clinical isolates, with obvious advantages for the

continuous updating of the treatment strategies of CDI. To emphasize the

positive role of this study group in the fight against C. difficile infection, an
invited chapter written by both the current and the past president of ESGCD

has been included at the end of this book.

We are grateful to all the authors for their significant contributions to the

book. In our view and intention, they ideally represent also the work of many

other European experts in this field who did not get involved on this occasion

for obvious limits of space.

Rome, Italy Paola Mastrantonio

Maribor, Slovenia Maja Rupnik
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Economic Burden of Clostridium difficile
Infection in European Countries

Elena Reigadas Ramı́rez and Emilio Santiago Bouza

Abstract

Clostridium difficile infection (CDI) remains

a considerable challenge to health care

systems worldwide. Although CDI represents

a significant burden on healthcare systems in

Europe, few studies have attempted to esti-

mate the consumption of resources associated

with CDI in Europe. The reported extra costs

attributable to CDI vary widely according to

the definitions, design, and methodologies

used, making comparisons difficult to per-

form. In this chapter, the economic burden of

healthcare facility–associated CDI in Europe

will be assessed, as will other less explored

areas such as the economic burden of recur-

rent CDI, community-acquired CDI, pediatric

CDI, and CDI in outbreaks.

Keywords

C. difficile infection · Economic costs ·

Economic burden · Length of stay · Europe

1 Introduction

In this chapter, the economic burden of

healthcare facility-associated Clostridium diffi-

cile infection (CDI) in Europe will be assessed,

as will other less explored areas such as recurrent

CDI (R-CDI), community-acquired CDI, pediat-

ric CDI, and CDI in outbreaks.

Despite advances in the diagnosis and treat-

ment of CDI and prevention efforts to reduce the

incidence of CDI, the disease remains a signifi-

cant challenge to health care systems worldwide
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(Dubberke and Olsen 2012; Bouza 2012). From

an economic point of view, CDI increases patient

healthcare costs as a result of extended length of

hospital stay (LOS), re-admission, laboratory

tests, and medication (Wiegand et al. 2012;

Gabriel and Beriot-Mathiot 2014; Nanwa et al.

2015). C. difficile infection is costly, not only to

third-party payers and hospitals, but also to soci-

ety as a whole (McGlone et al. 2012).

Most of the existing literature is from the

United States, where an in silico economic

model, reported in 2012, suggested that the

annual US economic burden of CDI would be

$496 million from a hospital perspective, $547

million from a third-party payer perspective, and

$796 million from a societal perspective

(McGlone et al. 2012). Regrettably, few

published studies have attempted to estimate the

consumption of resources associated with CDI in

Europe (Wiegand et al. 2012) and it has been

estimated that the annual cost of CDI in Europe

is €3 billion per year (Jones et al. 2013); conse-

quently, approaches that can reduce

CDI-associated resource use and costs are of

interest.

Although antibiotics are a key component of

therapy for CDI, they currently represent a mini-

mal cost in the overall budget for CDI manage-

ment, and the main extra associated cost reported

in most studies is the extended LOS attributable

to CDI (Wiegand et al. 2012; Asensio et al. 2013,

2015; Wilcox et al. 1996; Hubner et al. 2015).

CDI-related costs are also likely to increase as

the population ages. In a systematic European

meta-analysis on clinical and economic burden,

the authors reported that the incremental cost of

CDI may have increased by £1857–£4266

(27–93%) over a 12-year period (Wiegand et al.

2012). In a review by Kuijper et al., the potential

cost of CDI was estimated to be €3 billion/year

and is expected to almost double over the next

four decades, assuming a European Union popu-

lation of 457 million inhabitants (Kuijper et al.

2006).

The reported extra costs attributable to CDI

vary widely according to the definitions, design,

and methodologies used (Ghantoji et al. 2010;

Wiegand et al. 2012). Most studies do not

separate the costs of resources due to CDI from

those generated by the underlying disease.

Therefore, comparisons need to be made with

caution and limited to results obtained in a simi-

lar manner.

A clearer understanding of the healthcare and

economic burden of CDI is of value to hospital

administrators, infection prevention teams, and

persons involved in antimicrobial stewardship

programs, who can use this key information to

determine the appropriate degree of investment

in infection control measures and in other prior-

ity areas.

Future studies should follow standard meth-

odology, include other indirect cost perspectives

such as societal and patient perspectives, and

examine poorly explored populations, such as

individuals with community-acquired CDI.

2 Economic Burden of Hospital-
Acquired CDI in European
Countries

A wide range of CDI costs in Europe have been

reported, ranging from €5798–€11,202/episode
(Wiegand et al. 2012). Data are only available

from six European countries (Ireland, England,

Wales, Germany, Spain, and Italy). Table 1

summarizes CDI costs by study and country.

2.1 Primary Episodes

The economic burden of primary episodes in

Europe is reviewed below by region, as defined

by EuroVoc. The most abundant literature comes

from Western Europe, followed by Southern

Europe.

2.1.1 Western Europe

A recent study conducted in a tertiary referral

hospital in Ireland during August 2015 showed

that the total incremental cost of CDI was

€75,680, with a mean cost of €5820 per patient

(Ryan et al. 2017).

2 E. Reigadas Ramı́rez and E.S. Bouza



Another study conducted in Ireland

established the mean cost per treated case of

CDI in terms of bed occupancy, laboratory

requests, and treatment to be £4577 (2010 GBP)

(Al-Eidan et al. 2000).

It has been estimated that the cost for CDI is

€5000–€15,000 per case in England (Kuijper

et al. 2006). The earliest data on economic bur-

den from England were communicated by

Wilcox et al. (1996), who performed a study in

geriatric wards. Cases and controls were matched

for age, sex, and distribution of the main

diagnoses. The total identifiable increased cost

of CDI was £6986 in 2010 GBP.

A retrospective multicenter study analyzed a

sample of 12 large, public, acute-care hospitals in

France representing 5.82% of the cumulative

annual number of patient-days spent in public

acute-care hospitals in France in 2011

(Le Monnier et al. 2015). The costs of CDI

incurred by public insurance and by the hospital

itself (euros) were based on full unit cost per

diagnosis-related group in hospitals at 2010

values. The annual incidence of CDI based on

laboratory reporting was estimated at 3.74 cases

per 10,000 patient-days. In cases where CDI was

the primary diagnosis, the mean cost per stay was

€6056 (median €4410) and the cumulative cost

for the whole set of stays observed in 2011 for the

12 hospitals was €823,656. In patients where

CDI was considered a secondary diagnosis, the

mean extra cost adjusted for age, sex, and

diagnosis-related groups in cases without CDI

was €11,251 (median: €8822) per stay

(Le Monnier et al. 2015). The extrapolated

annual nationwide cost of CDI in 2011 in France

was €163.1 million.

Table 1 Summary of European Clostridium difficile infection costs by study and country

Author

(year)

Country

or region

CDI cases

examined Study population

Study

period Cost

Ryan et al.

(2017)

Ireland N ¼ 13 Healthcare CDI August

2015

€5820/CDI

Al-Eidan

et al. (2000)

Ireland N ¼ 87 Healthcare CDI 1994–1995 ₤2860/CDI

Wilcox

et al. (1996)

England N ¼ 50 Healthcare CDI 1994–1995 ₤4107/CDI

Wilcox

et al. (2017)

United

Kingdom

N ¼ 128 Healthcare CDI,

recurrences

2012–2014 ₤6294/CDI

₤7539/recurrent CDI

Vonberg

et al. (2008)

Germany N ¼ 116 Healthcare CDI 2006 €7147/CDI

Hubner

et al. (2015)

Germany N ¼ 43 Healthcare CDI 2010 €5262.96/CDI

Grube et al.

(2015)

Germany N ¼ 2767 Healthcare CDI,

recurrences

2011 €4132/CDI as primary diagnosis

€19,381/CDI as secondary diagnosis

€20,755/recurrent CDI

Le Monnier

et al. (2015)

France N ¼ 1097 Healthcare CDI,

recurrences

2011 €9575/CDI (€6056 CDI as primary

diagnosis/€11,251 CDI as secondary

diagnosis)

€9625/recurrent CDI

Asensio

et al. (2013)

Spain N ¼ 7601 Healthcare CDI,

recurrences

2012 €3901/CDI

€4875/first recurrent CDI

€5916/second recurrent CDI

Asensio

et al. (2015)

Spain

and Italy

N ¼ 232

(Spain)

Healthcare CDI,

recurrences,

children

2011–2013

(adults)

€4265/CDI case (Spain)

N ¼ 145

(Italy)

2006–2012

(pediatrics)

€14,936/adult CDI case (Italy)

€17,714/recurrent CDI case (Italy)

€3545/pediatric CDI case (Italy)

Economic Burden of Clostridium difficile Infection in European Countries 3



A single-center retrospective analysis of data

from patients with nosocomial CDI carried out

over a 1-year period at a teaching hospital in

Germany showed an additional cost of €5262/
case (Hubner et al. 2015).

Another single-center German study showed

that costs for CDI patients were significantly

higher than for their matched controls (median:

€7147) (Vonberg et al. 2008). A large multicen-

ter study conducted in 37 German hospitals

based on data from the German DRG system

analyzed 2767 CDI cases grouped according to

whether CDI was a primary or secondary diag-

nosis (Grube et al. 2015). For comparison,

non-CDI cases from the same hospitals during

the same year were matched using propensity

score matching.

Patients from the primary diagnosis group

(n ¼ 817) showed a mean cost per case of

€4132 (€536 more than controls), while the

secondary diagnosis group (n ¼ 1840) had

costs of €19,381 (€13,082 for controls) (Grube

et al. 2015). The authors extrapolated their data

and declared that CDI generates a yearly cost

burden of €464 million for the German

healthcare system.

2.1.2 Southern Europe

Evidence regarding the impact of CDI on

healthcare resources in southern Europe is gen-

erally scarce. In the case of Spain, few studies

have assessed the economic burden of CDI. An

economic model analysis performed in 2012 by

Asensio et al.(Asensio et al. 2013) assessed the

cost of CDI in adult patients (�18 years) treated

with metronidazole or vancomycin from the per-

spective of the Spanish National Health System

Service. The resources used in clinical practice

were obtained through a Delphi panel of Spanish

clinicians with expertise in CDI. Unit costs

(€2012) were obtained from Spanish sources.

This study estimated that 7601 episodes of

CDI occur annually in Spain (incidence of 17.1

episodes/year/10,000 hospital discharges) with

an estimated annual cost to the Spanish National

Health System Service of €32,157,093. The cost

per episode of CDI was €3901 for initial or

primary CDI episodes.

More recently, another study assessed the

impact of CDI on hospital resources and costs

in both Spain and Italy (Asensio et al. 2015).

Each patient was matched with two randomly

selected uninfected controls in the same institu-

tion. Data were collected for 232 adult infected

patients and 426 matched non-infected patients

in Spain (n ¼ 106) and Italy (n ¼ 126).

CDI-associated costs were due to excess hospi-

talization. The difference in LOS between the

two countries resulted in a significant variation

in costs.

Hospitalization costs attributable to CDI in

Spain were €4265 per patient for all patients,

€2882/patient for patients aged �65 years, and

€4885 for those aged >65 years (Asensio et al.

2015).

For Italy, the total cost attributable to CDI was

€14,023 per patient for all patients. The cost was

€15,668 for those aged �65 years and €13,862
for those aged >65 years, with the difference in

cost being due to differences in LOS (21 vs.

19 days, respectively). The authors estimated a

cost of CDI in Italy of €32,371 per 10,000

patient-days (Asensio et al. 2015).

A recent multicenter Italian cost analysis

study has been performed in hospitalized patients

from the hospital’s perspective (Poli et al. 2015).

This study showed that the mean total incremen-

tal cost for a patient with CDI was €3270
per case.

2.2 Recurrent Episodes

One of the first studies to assess the cost of

recurrent CDI in an European country was a

Spanish study in which the cost of the initial

CDI episode was estimated to be €3901, the

cost of the first recurrence was €4875, and that

of the second recurrence was €5916 (Asensio

et al. 2013).

In an Italian multicenter study including

recurrences (Asensio et al. 2015), the cost attrib-

utable to recurrent CDI was €17,714 per patient,

4 E. Reigadas Ramı́rez and E.S. Bouza



while for patients with a single episode of CDI,

the cost was €14,936. In this study, a total of

34 adult patients (12.5%) and 2 pediatric patients

(10.5%) experienced a first recurrence of CDI.

Three of the 34 adult patients and 1 of the 2 pedi-

atric patients had an additional recurrence.

A French multicenter study estimated the

median extra cost per stay with CDI to be

€7514, i.e., approximately €9.5 million in 2011

for the 12 facilities included. The fraction of that

total cost attributable to recurrences was 12.5%

(Le Monnier et al. 2015). Recurrences occurring

in acute-care settings were present in 12.0% of

hospital stays with CDI. In addition, 9.3%

(11/118) of recurrences were coded as the pri-

mary diagnosis and led to readmission of the

patients, which resulted in prolonged LOS and

additional medical costs.

Data from 37 German hospitals revealed high

costs for recurrent CDI of €20,755 vs. €13,101
for matched controls from the same hospitals

during the same year (Grube et al. 2015).

Wilcox et al. recently analyzed the impact of

recurrent CDI in terms of hospital resource use

and health-related quality of life associated

with hospitalizations for recurrent CDI in six

UK acute-care hospitals (Wilcox et al. 2017).

The median cost per patient during a 28-day

post-index period was £7539 for recurrent CDI

and £6294 for first CDI episodes (Wilcox et al.

2017).

2.3 Length of Stay

In their review, Wiegand et al. (2012) estimated

the average LOS in Europe to be 15 days. When

examined by country, they found that

Switzerland had the lowest LOS (12 days),

followed by Belgium, France, Ireland (17 days),

and Spain (18 days), while the highest LOS were

observed for The Netherlands (21 days),

Germany (27 days), and the UK (37 days)

(Wiegand et al. 2012).

Even though LOS values are more reproduc-

ible between studies than costs, data on the

excess LOS attributable to CDI are limited. Not

many studies assess the attributable LOS,

reporting only total LOS. It was recently

suggested that, compared with newer statistical

models, models that were previously used to

determine the LOS attributable to CDI

overestimated the additional LOS (Mitchell and

Gardner 2012). Therefore, future studies must

take this into account. Table 2 shows the

European studies reporting LOS attributable to

CDI; the mean incremental LOS attributable to

CDI ranged from 4.2 to 20 days (Ryan et al.

2017).

As for recurrent CDI, the mean incremental

LOS in Europe is 9.1–26 days (Asensio et al.

2013, 2015). Although data may vary, most stud-

ies agree that recurrent CDI presents longer LOS

than primary episodes. In a recent study

conducted in England, Wilcox et al. observed a

median LOS of 21 days for recurrent CDI in

contrast to 15.5 days for first episodes (Wilcox

et al. 2017).

Few studies have assessed differences in extra

costs between mild to moderate CDI cases and

severe CDI cases. A study conducted by van

Kleef et al. in a large English teaching hospital

showed that severe cases had an average excess

LOS which was twice that of the nonsevere cases

(11.6 days [95% CI, 3.6–19.6] vs. approximately

5 days [95% CI: 1.1–9.5]) (van Kleef et al. 2014).

2.4 Distribution of Costs

The expense associated with CDI stems mainly

from extended LOS. Various studies in Europe

place the additional cost of LOS at 43.2–95.6%

of the total extra costs of the CDI episode (Ryan

et al. 2017; Asensio et al. 2013, 2015; Wilcox

et al. 1996; Poli et al. 2015). Figure 1 represents

the distribution of CDI costs of the above men-

tioned studies.

In contrast, cost for CDI antibiotics account

for a low percentage of the total cost, ranging

from 0.43% to 13.3% (Ryan et al. 2017; Asensio

et al. 2013, 2015; Wilcox et al. 1996; Poli et al.
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2015). Figure 2 illustrates the distribution of

costs in patients with CDI antibiotics as percent

of total cost per country. Most of these studies

only include vancomycin and metronidazole as

treatment for CDI, probably because they were

conducted before fidaxomicin was licensed in

those countries. Only one recent study conducted

in Ireland included fidaxomicin as treatment for

CDI.

Regarding distribution of costs for R-CDI, a

recent study conducted in England observed that

the cost of hospital admissions and emergency

department visits accounted for more than 85%,

similar to first-case CDI. The median cost for

CDI-specific drugs was higher in R-CDI patients

(£376/patient) than first-case CDI (£46/patient)

(Wilcox et al. 2017).

3 Economic Burden
of Community-Acquired CDI

Community-acquired CDI is a growing problem,

and additional data are needed to accurately

quantify the contribution of this subpopulation

to the overall burden of CDI. Few studies provide

insight on this understudied patient group (Kuntz

et al. 2012; Sammons et al. 2013; Nanwa et al.

Table 2 Length of stay (LOS) attributable to Clostridium difficile by study and country

Author (year) Country

CDI cases

examined Study population

Study

period LOS attributable to CDI (days)

Eckmann

et al. (2013)

Netherlands N ¼ 270 Healthcare CDI 2008–2009 Mean 12.58

Ryan et al.

(2017)

Ireland N ¼ 13 Healthcare CDI August 2015 Mean 4.2

Al-Eidan

et al. (2000)

Ireland N ¼ 87 Healthcare CDI 1994–1995 Mean 13

Eckmann

et al. (2013)

England N ¼ 10,602 Healthcare CDI 2007–2009 Mean 16.09

van Kleef

et al. (2014)

England N ¼ 157 Healthcare CDI 2012 Mean 7.2 (all CDI)

Mean 11.6 (severe CDI)

Mean 5.3 (non severe CDI)

Vonberg

et al. (2008)

Germany N ¼ 116 Healthcare CDI 2006 Median 7

Eckmann

et al. (2013)

Germany N ¼ 109,526 Healthcare CDI 2008–2010 Mean 15.47

Hubner et al.

(2015)

Germany N ¼ 43 Healthcare CDI 2010 Mean 11.4

Le Monnier

et al. (2015)

France N ¼ 1097 Healthcare CDI,

recurrences

2011 Mean 8.9

Eckmann

et al. (2013)

Spain N ¼ 830 Healthcare CDI 2008–2010 Mean 13.56

Asensio et al.

(2013)

Spain N ¼ 7601 Healthcare CDI,

recurrences

2012 Mean 7.4 (CDI)

Mean 9.1 (first recurrent CDI)

Mean 10.8 (second recurrent

CDI)

Asensio et al.

(2015)

Spain and

Italy

N ¼ 232

(Spain)

Healthcare CDI,

recurrences, children

2011–2013

(adults)

Median 6.4 (Madrid)

N ¼ 145

(Italy)

2006–2012

(pediatrics)

Median 20.0 (Barcelona)

Median 20.0 (Rome)

Median 26.0 for first recurrent

CDI case (Spain and Italy)

Median 5.0 for pediatric case

(Naples)
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2017), and none have been performed in

European patients. In addition, across studies,

the case definition of community-acquired CDI

may differ depending on the time between a

previous hospital admission and whether the

case of CDI was an incident case (Kutty et al.

2010; Freeman et al. 2010).

The most recent and largest study is a

population-based matched cohort study examin-

ing the mortality and costs of patients with

community-onset CDI identified based on emer-

gency department visits and hospital admissions

in Ontario, Canada (Nanwa et al. 2017). In this

study, Nanwa et al. studied 7950 subjects with

community-onset CDI and found that up to

1 year after the index date, the disease was

associated with 1.9- to 5.1-fold higher mean

costs (CDN$10,700 in 2014) than in uninfected

subjects. The largest cost components were

hospitalizations and physician visits.

Differences in mortality and costs remained

3 years after index date, probably owing to

recurrences of CDI, treatment failure, need for

colectomy, and increased susceptibility to other

conditions resulting from CDI. Mean attributable

costs were higher among those aged >65 years,

those infected in 2008 (year of an outbreak in

Ontario caused by a particularly virulent CDI

strain (Pillai et al. 2010)), and those who died

within 1 year after the index date. However, this

study had a major limitation, namely, the authors

were not able to identify subjects whose only

contact with the healthcare system was a visit to

their family physician. Consequently, mortality

and the economic burden of community-onset

CDI per subject were likely overestimated,

since all of the cases included were probably

more severe.

Sammons et al. examined a cohort of children

and performed a subanalysis on community-

onset and hospital-onset CDI (Sammons et al.

2013). They found that patients with

community-onset CDI comprised 54% of cases

(2414 cases). Patients with hospital-onset CDI

had significantly higher mortality rates and lon-

ger LOS than those with community-onset CDI,

and mean differences in LOS and total

standardized costs were 21.60 days and $93,600

for hospital-onset CDI and 5.55 days and

$18,900 for community-onset CDI. Although

mortality rates did not differ between those with

community-onset CDI and matched unexposed

subjects, community-onset CDI patients had sig-

nificantly longer LOS and total hospital costs

(Sammons et al. 2013).

Kuntz et al. performed a population-based

study in which they identified 3067 CDIs and

classified CDI by whether it was identified in

the outpatient or inpatient healthcare setting

(Kuntz et al. 2012). A total of 1712 (56%) were

identified in the outpatient setting. These patients

tended to be younger, with fewer comorbid

conditions than patients with CDI identified in

the inpatient setting. Eleven percent of patients

with outpatient-identified CDI were hospitalized

with a CDI-related diagnosis code during the

follow-up period. These hospitalizations

occurred, on average, 27 days after outpatient

identification of CDI and lasted an average of

10 days.

As expected, the impact of CDI on healthcare

utilization and cost was most notable in the

setting in which the patient’s infection had been

identified. Outpatient care costs were higher

among persons with CDI identified in the outpa-

tient setting, with drugs representing the greatest

percentage of these costs in both groups. Simi-

larly, patients with inpatient-identified CDI had

higher inpatient costs than patients with

outpatient-identified CDI ($10,708.40 vs

$837.40). Total costs for community-onset CDI

were $1697 vs $11,315 of hospital-onset CDI

(in US $2009 per patient) (Kuntz et al. 2012).

4 Pediatric Population

Data on the burden of CDI in children are even

more limited and most of the literature on this

topic comes from studies performed in the

United States. In Italy, Asensio et al. (Asensio

et al. 2015) reported separate data on the eco-

nomic burden of CDI in children, although they

found that the number of patients included was

low (n¼ 19). Most cases of CDI in children were

community-acquired as opposed to nosocomial.
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Disease characteristics were generally compara-

ble to those of adults, although the incidence of

ulceration and bowel wall thickening was higher

than in adults. The authors found that the median

LOS attributable to CDI was lower than in adults

(5 vs. 19 days in Rome), as was the frequency of

isolation and admission to the ICU, probably

because most cases were community-acquired.

Therefore, although daily costs of care are higher

for children than adults, the overall burden of

CDI in the pediatric population in Italy is lower

than in adults. The total cost attributable to CDI

in pediatric patients in Naples was €3545 per

patient (Asensio et al. 2015).

The only data on the economic burden of

pediatric CDI in larger populations are from

American studies. In their multicenter cohort

study, Sammons et al. found that CDI was

associated with worse outcomes among

hospitalized children who were otherwise similar

in the main demographic and clinical

characteristics, although the difference was

most pronounced in children with hospital onset

disease. The presence of CDI was associated

with >6-fold higher mortality rates among

those with healthcare-onset CDI and resulted in

significantly longer LOS and increased total hos-

pital costs, corresponding to a mean difference in

total standardized costs of $48,500 between

matched exposed and unexposed patients

(Sammons et al. 2013).

In another study performed in acute care

hospitals in the Michigan Health and Hospital

Association, children younger than 5 years of

age had mean charges of $148,525, compared

with $56,796 for discharges of patients who

were aged�65 years, probably because of longer

LOS: children younger than 5 years of age were

hospitalized for a mean of more than 25 days per

discharge vs 14.2 days for the remaining age

groups reported (VerLee et al. 2012).

A large propensity score–matching analysis in

313,664 patients aged 1–18 years was performed

to evaluate the influence of CDI on mortality,

LOS, and costs in hospitalized surgical pediatric

patients. The authors observed that after propen-

sity score matching, the mean excess LOS and

costs attributable to CDI were 5.8 days and

$12,801 (P < 0.001), accounting for 8295 days

spent in the hospital and $18.4 million (2012

USD) in annual expenditure (Kulaylat et al.

2017).

5 Economic Costs of CDI
Outbreaks

Few data have been published on the costs

derived from outbreaks. One of the few studies

to assess this situation was that conducted in

Ireland by Ryan et al. (2017). The authors col-

lected data on LOS, diagnosis, diagnosis-related

group codes at discharge, time in isolation

because of CDI, additional measures because of

CDI (medications, consultations, investigations,

and procedures), unit costs (laboratory testing,

personal protective equipment, single room

accommodation, and cleaning/decontamination),

and personnel time.

This study covered only a 1-month period

(August 2015), during which they observed that

the CDI outbreak resulted in additional costs of

€46,967. The outbreak resulted in 58 bed days

lost due to bed closures on the outbreak ward,

with an estimated value of €34,585. Five out-

break control meetings were held, each with a

mean duration of 47 min and supported by 15 h

of administrative input. All meetings involved a

consultant microbiologist, a senior laboratory

scientist, a senior antimicrobial specialist phar-

macist, an assistant director of nursing, multiple

clinical nursing managers, and a number of other

staff members. The mean personnel cost per

meeting was €546, and the aggregate cost was

€2728. The cost of outbreak-related cleaning/

decontamination during August was €9654
(Ryan et al. 2017).

For the patients involved in the CDI outbreak,

excluding the value of the 58 bed days lost

(€34,585), costs were 30% higher (€7589 per

patient) than those not involved in the outbreak

during the same period (Ryan et al. 2017).

Van Beurden et al. assessed the costs of an

outbreak of C. difficile ribotype 027 at the VU

University medical center, a 750-bed tertiary

care center in The Netherlands, from May 2013
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to May 2014 (van Beurden et al. 2017). Several

control measures were implemented, such as

reinforcement of infection control, the introduc-

tion of hydrogen peroxide as disinfectant, extra

cleaning, optimization of CDI diagnosis, optimi-

zation of CDI treatment, and antibiotic steward-

ship. Twelve meetings of the outbreak

management team (consisting of five medical

specialists, one infection prevention specialist,

one care manager, and two co-workers from

facility management) were held during the

study period. Several beds had to be closed to

ensure that every patient with suspected CDI was

placed in contact isolation in a single room. After

the implementation of these control measures,

the incidence of CDI decreased to around 1.5

cases per 10,000 patient days in early 2014.

Missed revenue due to prolonged LOS among

CDI patients, costs of the outbreak meetings,

extra surveillance, contact isolation material

(compared with the same period 1 year earlier

and 1 year later), and additional microbiological

diagnostics (compared with the same period

1 year earlier) were calculated directly from

available data for the entire outbreak. Overall

costs for additional cleaning, contact isolation,

and missed revenue due to closed beds were

extrapolated from the costs incurred during the

previous 3 months of the outbreak. Attributable

costs per item (in 2014 euros) were assessed over

a 365-day period.

The total identifiable costs of this C. difficile

outbreak were €1,222,376. Most costs (36%)

stemmed from the loss of revenue resulting

from decreased hospital capacity because of the

increased LOS of CDI patients and the closure of

multiple beds to ensure contact isolation of a

single CDI patient. Twenty-five percent of the

costs were from extra surveillance and the work

of the department of infection control, 24% were

for extra cleaning of the affected wards, 6% for

extra microbiological diagnostic procedures, 3%

for the outbreak meetings, and 3% for the use of

extra gloves and aprons. Extra antibiotic treat-

ment of CDI patients counted for 2% of the total

costs (van Beurden et al. 2017).

As can be seen in both studies, the cost of one

missed hospital admission due to closed beds or

prolonged LOS is a major cost. The economic

and healthcare impact of loss of revenue is very

difficult to determine, and closed beds prevent

inpatient accommodation, with the resultant

morbidity and mortality (Singer et al. 2011). In

addition, increased bed usage by medical

specialties is associated with cancelled elective

surgeries (Robb et al. 2004; Nasr et al. 2004).

Outbreak control generates extra work, which

often relies on staff already overburdened with

administrative tasks from patient care activities.

Extra cleaning measures and multidisciplinary

infection control teams are key elements for out-

break control (Barbut et al. 2011, 2015).

Healthcare facilities should be able to assess the

economic impact of an outbreak, and knowing

the costs of additional measures will make it

possible to establish a cost-efficient program for

outbreak control, with adequate resource

allocation.

It is obvious to state that accounting of LOS,

cost of antimicrobial agents and other expenses

of the healthcare system are unable to quantify

the cost of pain, human suffering, and death.
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The Need for European Surveillance of CDI

Camilla Wiuff, A-Lan Banks, Fidelma Fitzpatrick,
and Laura Cottom

For surveillance systems to be useful, they must adapt to the changing environment in
which they operate and accommodate emerging public health requirements that were not
conceived previously.

Joseph S. Lombardo and David L. Buckeridge

Abstract

Since the turn of the millennium, the epidemiol-

ogy of Clostridium difficile infection (CDI) has

continued to challenge. Over the last decade

there has been a growing awareness that

improvements to surveillance are needed. The

increasing rate of CDI and emergence of

ribotype 027 precipitated the implementation of

mandatory national surveillance of CDI in the

UK. Changes in clinical presentation, severity of

disease, descriptions of new risk factors and the

occurrence of outbreaks all emphasised the

importance of early diagnosis and surveillance.

However a lack of consensus on case

definitions, clinical guidelines and optimal labo-

ratory diagnostics across Europe has lead to the

underestimation of CDI and impeded compari-

son between countries. These inconsistencies

have prevented the true burden of disease from

being appreciated.

Acceptance that a multi-country surveillance

programme and optimised diagnostic strategies

are required not only to detect and control CDI in

Europe, but for a better understanding of the

epidemiology, has built the foundations for a

more robust, unified surveillance. The concerted

efforts of the European Centre for Disease Pre-

vention and Control (ECDC) CDI networks, has

lead to the development of an over-arching long-

term CDI surveillance strategy for 2014–2020.

Fulfilment of the ECDC priorities and targets

will no doubt be challenging and will require

significant investment however the hope is that

both a national and Europe-wide picture of CDI

will finally be realised.
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1 Epidemiology of CDI in Europe

Since 1978, Clostridium difficile has been

recognised as a leading infectious cause of

antimicrobial-associated diarrhoea with symptoms

ranging from mild or moderate diarrhoea to

pseudomembranous colitis (PMC). Until the end

of the millennium interest in this pathogen was

primarily in relation to health care and impact on

morbidity and mortality in the elderly. However,

since 2000 there has been an explosion in reports on

C. difficile infection (CDI) as a consequence of

large increases in CDI cases (and incidence), sig-

nificant changes in the clinical presentation of CDI

including more severe disease, occurrence of

outbreaks and descriptions of new risk factors

(Freeman et al. 2010). The changes in the epidemi-

ology of CDI leading to several outbreaks in North

America and Europe havemainly been attributed to

the emergence of a new hypervirulent strain PCR

ribotype 027 (Kuijper et al. 2006), and to a lesser

extent, PCR ribotype 078 (Goorhuis et al. 2008).

Ribotype 027 was associated with more severe

disease, higher mortality, increased risk of relapse

and higher colectomy rates (Kuijper et al. 2006;

Ricciardi et al. 2007;Warny et al. 2005). However,

other ribotypes of C. difficile also caused outbreaks
and contributed to the spread of this infection in

Europe and worldwide (Bauer et al. 2011).

Outbreaks caused by PCR ribotype 027 were

first reported in Europe in England and the

Netherlands followed by a series of reports

from several other European countries (Kuijper

et al. 2007); and, by 2008 a total of 16 countries

had reported this ribotype, including outbreaks in

nine countries (Kuijper et al. 2008). However,

the reasons for its emergence and rapid global

spread remained unexplained until the genomes

of a global collection of C. difficile 027 isolates

from hospital patients between 1985 and 2010

was sequenced. Phylogenetic analysis showed

that two separate lineages of 027, FQR1 and

FQ2, had emerged in North America within a

short period of time, after acquiring the same

fluoroquinolone resistance mutation, of which

one spread throughout the United States (US),

South Korea and Switzerland and the other

spread more widely across continents throughout

Europe and Australia (He et al. 2013). Isolates

obtained prior to the emergence of these two

lineages were not associated with any hospital

outbreaks, suggesting that they represented

pre-epidemic lineages of ribotype 027. These

findings highlighted the important role of selec-

tive pressure from flouroquinolone use in the

evolution and spread of these two lineages in

healthcare settings and highlighted the intercon-

nectedness of the global healthcare systems due

to human travel.

In the 2011/2012 European Centre for Disease

Prevention and Control (ECDC) acute hospital

point prevalence survey of hospital-acquired

infection (HAI) C. difficile was the most fre-

quently reported pathogen associated with

healthcare associated gastrointestinal disease in

European hospitals(accounting for 48% of all

gastrointestinal disease) (ECDC 2013a). Based

on this data it was estimated that 152,905 new

cases of CDI occur every year in Europe with an

incidence of 30 cases per 100,000 population.

CDI was associated with considerable short or

long term disability, and 8382 deaths per year

(Cassini et al. 2016). In addition, CDI occurred

increasingly in persons in the community without

typical risk factors such as antimicrobial treat-

ment and recent hospitalisation (Bauer et al.

2009; Wilcox et al. 2008) (Fig. 1).

2 Development of European CDI
Guidance

In response to the changing epidemiology of CDI

in Europe and North America, the European

Study Group on C. difficile (ESGCD) published

a standardised approach to detect, monitor and

control CDI (Kuijper et al. 2006). In the follow-

ing year, evidence-based guidance on infection

prevention and control measures to limit the

14 C. Wiuff et al.
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spread of CDI was also developed. In this context

CDI surveillance was identified as one of the ten

most important measures in preventing and

controlling CDI. Surveillance allows continuous

monitoring and identification of increases in inci-

dence and severity of disease at an early stage in

order to implement changes in practice and mon-

itor the impact of infection prevention and con-

trol efforts (Vonberg et al. 2008).

Timely feedback of surveillance data and its

interpretations not only to the clinical and infec-

tion prevention and control teams but also to

senior management, governing boards and

administrators via the established communica-

tion system is considered essential to preventing

and control CDI in hospitals (Commission.

2006). However, when CDI emerged as a serious

threat to public health and patient safety at the

start of this millennium, comparison of the bur-

den of CDI between healthcare facilities and

countries was problematic for a number of

reasons. This included suboptimal case ascertain-

ment and inconsistent patient sampling, inade-

quate laboratory diagnosis and use of

non-standardised denominators for calculation

of incidence rates. Standardisation of laboratory

testing methodology and adherence to agreed

surveillance definitions is needed for accurate

monitoring of trends in hospitals and other

healthcare settings (and for comparison between

hospitals in their country and between countries).

The suite of guidance documents on CDI

diagnostics, infection prevention and control

and treatment developed by ESGCD and

supported by the European Society of Clinical

Microbiology and Infectious Diseases

(ESCMID), has provided the evidence platform

for the development of European surveillance of

CDI now undertaken and coordinated by ECDC

(ECDC 2017) (Fig. 2).

3 Approaches to Diagnosing
and Monitoring Cases of CDI

In the 1990s, a large number of diagnostic tests

for C. difficile became commercially available,

including faecal culture on selective media,

detection of GDH (glutamate dehydrogenase) a

non-specific antigen, direct detection of toxin A

and B from stool using enzyme immune assay or

cytotoxicity assay (Delmee 2001) but system-

wide or national surveillance programmes

remained rare. In 1993, a French multicentre

point prevalence study identified C. difficile

from 11.5% of 3921 diarrhoeal stool cultures

sent to 11 microbiology laboratories (Barbut

et al. 1996). Stool assays for toxin A and B

became quickly the main clinical test for

diagnosing CDI while stool cultures were used

mainly for epidemiological investigations (Kelly

and LaMont 1998). However, the majority of the

available testing methods were associated with

either low sensitivity or specificity, or both (see

also Chap. 4), and some required culture

facilities. Moreover, at that time there was no

consensus across Europe in terms of diagnostic

testing and surveillance due to the lack of

guidance.

In 2002, the ESGCD carried out a survey of

212 laboratories in eight countries (B, DK, F,

NL, G, I, SP, GB) to obtain an overview of

diagnostic methods used and to estimate the

average incidence of CDI across Europe (Barbut

et al. 2003). A high proportion (87.7%) of

laboratories performed C. difficile diagnosis on

a routine basis, although laboratories in smaller

hospitals often relied on sending samples to a

bigger centre. Laboratory methods used in the

surveyed hospitals included direct toxin detec-

tion (93%), culture (55%), glutamate dehydroge-

nase (GDH) (5.9%) but testing strategies

(i.e. application of standalone tests

vs. combination of tests) varied considerably

between laboratories and between countries.

Moreover, criteria for investigation for CDI

16 C. Wiuff et al.



Fig. 2 Targets in the ECDC long-term surveillance strategy for 2014–2020 (ECDC 2013b)
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varied extensively with 58% of laboratories only

testing for CDI if specifically requested by a

physician while 40.7% of laboratories routinely

tested for CDI when specific criteria (determined

by the microbiologist) were met; most commonly

loose or watery stools (40.3%), stools from

patients with a history of antibiotic therapy

(45.5%) and stools from nosocomial diarrhoea

(57.1%). Within most countries the proportion

of laboratories that used criteria for investigating

CDI also varied between countries (ranging from

13% to 67%); only in the United Kingdom (UK),

testing was routinely done according to specific

criteria determined by the microbiologist

(in 95% of laboratories). Ability to type

C. difficile was infrequent with only 10.7% of

laboratories reporting experience with typing.

The inconsistent approach to diagnosing and typ-

ing CDI, including variation in the criteria for

testing, laboratory methodology and strategy for

testing and possible bias in the study

(by inclusion of only the most responsive

laboratories) raised concern of under-

ascertainment due to un-diagnosed and

mis-diagnosed cases and inaccurate estimates of

the overall burden of disease and highlighted the

need for international guidance.

The ESCGD review of the emergence of CDI

in North America and Europe (Kuijper et al.

2006) specified for the first time a case definition

for CDI, (including healthcare and community

association), provided advice on optimal diag-

nostic testing and recommended that each mem-

ber state should develop systematic and

comprehensive surveillance systems in order to

detect, monitor and respond to changes in the

epidemiology of CDI, and in particular PCR

ribotype 027 at both national and European

levels. Following 2006 national surveillance

systems were developed or expanded in countries

across Europe.

In 2011, the European C.difficile Infection

Surveillance Network (ECDIS-net) surveyed

the national surveillance systems through a

web-based questionnaire and reviewed extant

surveillance protocols at the time. Fourteen

countries were found to have a total of 18 surveil-

lance systems in place (of which some had more

than one data collection system) (Kola et al.

2016). The majority of the European surveillance

systems were continuous and prospective; and

11/18 used mandatory reporting while seven

used voluntary reporting. Key features of the

surveillance systems varied widely with consid-

erable variation in case definitions data collec-

tion methods, reporting and availability of

reference typing. In total, 12/18 countries used

the ECDC/ Centers for Disease Control and Pre-

vention (CDC) case definitions, nine used the

ECDC definitions for community associated

and healthcare associated CDI while the remain-

der had different cut-off for healthcare associa-

tion (including �48 h, �72 h, >3 or 4 �days

after admission). Thirteen systems had a defini-

tion for severe disease while 11 had a definition

for recurrence but both definitions varied

between countries. Despite the increasingly

recognised role of CDI in community settings

only two countries (Austria and Scotland)

engaged General Practitioners in their surveil-

lance systems. Descriptive enhanced patient

data were only collected in 6/18 systems and

death within 30 days in five. Reference typing

was performed routinely in 13/14 countries using

various different criteria for submission includ-

ing the presence of severe CDI, outbreaks or a

more systematic periodic collection of a repre-

sentative sample of cases. Finally, the reporting

of the CDI burden varied widely with the use of a

non-standardised denominators and stratification

by geographical region, healthcare facility or

laboratory making comparisons over time and

between regions and facilities difficult (Kola

et al. 2016).

Although, the overall capability and capacity

for monitoring CDI has increased tremendously

across Europe between 2003 and 2011, as of

today there is still scope for improvement in

diagnostic and surveillance setups in the majority

of European countries.

18 C. Wiuff et al.



4 Diagnostic Capability: A
Pre-requisite for Surveillance

The attention given to diagnostic procedures and

surveillance of CDI varied widely between

countries. In 2008, with the support of ECDC a

Europe-wide survey (involving 106 laboratories

in 34 countries) assessed the epidemic prepared-

ness and current CDI epidemiology aiming to

ultimately build capacity for diagnosis and sur-

veillance of CDI in each country (Bauer et al.

2011). The frequency of testing varied between

countries from 3 to 141 CDI tests conducted per

10,000 patient days; and a correlation between

testing rate and CDI incidence was identified

(resulting in North European countries reporting

the highest incidence rates). When a subset of

C. difficile isolates were typed centrally

(in Leiden, NL), a higher than expected diversity

of PCR ribotypes was observed with ribotypes

001, 014/020, and 078 ribotype being the most

prevalent and 027 being only the 6th most com-

mon type (4.8% of examined isolates).

Optimum laboratory diagnosis of CDI depends

on testing patients at the correct time using appro-

priate testing methodology and strategy. A point

prevalence study in multi-centre setting in Spain

evaluated 988 unformed stools (from 897 patients)

found 66% of CDI episodes were undiagnosed or

misdiagnosed due to lack of clinical suspicion

(48%) or due to using a non-sensitive test (19%)

(Alcala et al. 2012). In the Europe-wide point prev-

alence study (EUCLID) 3800 unformed stools

(from >450 hospitals in 20 countries) were tested

using the recommended two-step diagnostic algo-

rithm. In total, 25% of samples had not been tested

due to lack of clinical suspicion and 23%of patients

had been misdiagnosed due to using an inadequate

laboratory test. It was estimated that on a single day

82 patients with diarrhoea due to C. difficile in

hospitals across Europe were not diagnosed due to

lack of suspicion (Davies et al. 2014). In addition,

only 32% of participating hospitals used the opti-

mum diagnostic method at the first measurement

(in 2011–2012) whereas this had improved at the

second measurement (in 2012–2013) when 48%

used the optimum method.

These two recent studies highlighted again

variation in awareness and capability and

capacity to diagnose, sub-type, report, collect

patient risk factor data and monitor CDI across

Europe and as a consequence the true burden of

CDI and distribution of ribotypes is unclear.

5 Benefits of Mandatory
Surveillance: Experiences from
United Kingdom

Prior to the year 2000, data on C. difficile was

collected on a voluntary basis. In the UK, a steady

increase in laboratory reports was observed during

the 1990s (Department of Health and Health Pro-

tection Agency 2008; Health Protection Scotland

2006). In England, this was suggested to reflect a

failure to implement guidelines published in 1994,

as well as the result of increased testing and

awareness of CDI, and an increase in

community-associated CDI (Department of

Health and Health Protection Agency 2008).

The increasing CDI rates and emergence of

ribotype 027 precipitated the implementation of

mandatory national surveillance of CDI by

England, Wales and Northern Ireland in 2004,

and by Scotland in 2006. Initially, the surveil-

lance programmes included only those aged

65 years and above, but have since expanded to

include all ages except the very young (Pearson

2009; Health Protection Scotland 2010).

Between 2003 and 2007, several large hospital

outbreaks of CDI occurred, involving ribotype

027 (two in England and one in Scotland),

which brought CDI to the public attention

(Healthcare Commission 2006; The Vale of

Leven Hospital Inquiry 2014). Among the many

key findings and recommendations contained

within the critical reports that followed was an

acknowledgement of a lack of appropriate sur-

veillance mechanisms, both locally and nation-

ally, that could have identified an outbreak, and

the need for formal communication channels to

be in place to allow information on CDI numbers

and severity to be quickly disseminated. These

major incidents were quickly followed by the

setting of national targets within the UK to

reduce CDI rates by 30% (Duerden 2011; Scot-

tish Government 2012).
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