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ABSTRACT
We evaluated the applicability of a Clostridium difficile infection (CDI) risk index developed for
patients at hospital discharge to identify persons at high-risk of CDI in a primary care population.
This retrospective observational study used data from the UK Clinical Practice Research Datalink,
linked with Hospital Episodes Statistics. The risk index was based on the following patient char-
acteristics: age, previous hospitalizations, days in hospital, and prior antibiotics use. Individual risk
scores were calculated by summing points assigned to pre-defined categories for each character-
istic. We assessed the association of risk factors with CDI by multivariate logistic regression. The
estimated CDI incidence rate was 4/10,000 and 2/10,000 person-years in 2008 and 2012, respec-
tively. On an index with a maximal risk of 19, a cut-off for high risk of ≥7 had sensitivity, specificity
and positive predictive values of 80%, 87% and 12%, respectively. A high-risk person had a ~ 35%
higher risk of CDI than a low-risk person. Multivariate risk factor analysis indicated a need to
reconsider the relative risk scores. The CDI risk index can be applied to the UK primary care
population and help identify study populations for vaccine development studies. Reassessing the
relative weights assigned to risk factors could improve the index performance in this setting.
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Introduction

Clostridium difficile is an anaerobic spore forming bacter-
ium, which is commonly found in the environment and
transmitted among humans through the fecal-oral route.1,2

Approximately 3% of healthy adults and up to 66% of infants
have C. difficile in their gut without it causing any harm.
However, it can cause disease when the normal commensal
flora is reduced or absent, for example due to antibiotic
exposure.1 C. difficile cells cause disease by the release of
different toxins which can damage the intestinal mucosa.
Symptoms include diarrhea of varying severity, abdominal
pain, fever, mild to severe and even life-threatening inflam-
mation of the bowel (pseudomembranous colitis).1,3

C. difficile infection has traditionally been considered
as mainly a hospital- or other healthcare facility-acquired
infection, but since the 1990s community-acquired C. difficile
infection reports have increased. In the United States (US),
about 25% of all C. difficile cases in 2011 were reported as
community-acquired.4 A recent review showed that the inci-
dence of community-acquired infection has continued to
increase over the last decade, accounting for up to 41% of
all C. difficile-related cases.5

The US Centers for Disease Control and Prevention (CDC)
has created a risk index to identify hospitalized patients at high
risk of developing C. difficile infection after hospital discharge
based on readily available data.6 One of the aims of generating
this risk index was to identify groups of people at high risk of

infections with C. difficile for recruitment to clinical trials for the
development of vaccines.6 Currently there is no vaccine available
against C. difficile. Identifying a target population for future clin-
ical trials in support of vaccine development is essential.

In the present study, we examined the feasibility of apply-
ing the CDC risk index to data originating in primary care
settings across the United Kingdom (UK) and its ability to
identify groups at high risk of C. difficile infection in
a general, unselected population of adults aged ≥18 years
old. We also assessed the predictive value of potential risk
factors for C. difficile infection and their relative importance
when adjusting for the impact of other potential risk factors.

Widely recognized risk factors are hospitalization, advanced
age and prior antibiotics use.7 However, the causes of the changing
epidemiology and the impact of possible new risk factors are yet to
be elucidated.2 Several studies have been published identifying risk
factors for C. difficile infection and developing prediction rules
with the aim to improvemanagement of individuals deemed to be
at the highest risk.6,8–25 Most of these studies target patients
admitted to hospitals or living in long-term healthcare
facilities.9–11,17–19,22–24,26–28 or C. difficile infection cases risking
recurrence.13,19,21,25

The present study adopts a novel approach by targeting
a general, unselected population of adults in the primary care
setting coupled with secondary care data for the same population
to aim for a comprehensive detection of cases of C. difficile
infection.
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Results

Overall incidence of C. difficile infection

Data were extracted from the Clinical Practice Research Datalink
(CPRD) GOLD database, which is linked to secondary care data-
sets, including the Hospital Episodes Statistics (HES), and con-
tains details of all hospital admissions (admitted patient care
[APC]), outpatient visits, and emergency unit attendances at
National Health Service (NHS) hospitals in the UK. Between
January 2008 and March 2012, 3,576 C. difficile infection cases
were identified in the CPRD/HES population subjects, including
all those aged 2 years of age or older and 114,395 C. difficile
infection cases recorded by the PHE surveillance system in
the entire English population. The annual incidence rate in the
CPRD/HES dataset was 4/10,000 person years (PY) in 2008 and
decreased from year to year to 2/10,000 PY in 2012 (Figure 1A).
Public Health England (PHE, formerly the Health Protection
Agency) data also showed a declining trend from 8/10,000 PY in
2008 to 3/10,000 PY in 2012 (Figure 1B).

Demographics and risk factor characteristics

Table 1 compares the CPRD/HES study population with the US
population for which the C. difficile infection risk index was
developed, in terms of the co-variates (and categories) on which
the CDC risk index is based. The CPRD/HES adult study popula-
tion included 2,492,493 individuals aged ≥18 years. The age and
sex distribution were similar in the 2 populations. Prior to the
inpatient hospital stay, at the end of which the US study popula-
tion was recruited at discharge, the vast majority had not been
hospitalized; almost all the individuals in the CPRD/HES study
population had no inpatient hospital stay during the risk assess-
ment period.With regards to antibiotic use, 7% of the CPRD/HES
study population had used antibiotics in the 90 days before the
index date, whereas 45% of the CDC patients had used antibiotics
during the corresponding time period.

Risk classification of the study population

The receiver operating characteristics (ROC) curve presented
in Figure 2 shows the sensitivity and 1-specificity of the risk

index for C. difficile infection within 90 days of the index date
for varying cut-off values. An analysis by risk score cut-off
value was attempted informally to optimize the selection of
the cut-off risk score by assessing the trade-off between sen-
sitivity and specificity. The highest of the calculated risk
scores was 19. Details of the specificity, sensitivity, positive
likelihood ratio (LR+) and the percentage of subjects correctly
classified for varying cut-off values of the risk score are given
in Supplementary Material, Table SM1.

Applying the CDC risk score cut-off value of 4 used by
Baggs et al.,6 the odds ratio (OR) of developing C. difficile
infection within 90 days of the index date was 26 times higher
in high-risk than in low-risk individuals (OR = 25.79, 95%
confidence interval [CI]: 13.79–48.24). With the cut-off value

Figure 1. All C. difficile infection cases and the crude annual incidence rates per 10,000 person-years for CPRD/HES (A) and PHE (B) n: number of cases,
CPRD: Clinical Practice Research Datalink database, HES: Hospital Episode Statistics database, PHE: Public Health England database * 2012 contains data from 1st
January – 31st of March only. The crude rate is based on estimated full year data (2012 figures were multiplied by 4 to make full year estimates).

Table 1. Demographics for the CPRD/HES and CDC study populations.

Characteristic CPRD/HES population N (%) CDC population* N (%)

Study population size 2,492,493 (100) 35,186 (100)
Sex
Men 1,200,764 (48.18) 13,917 (39.55)
Women 1,291,729 (51.82) 21,269 (60.45)
Age (years)
18–39 876,217 (35.15) 11,715 (33.29)
40–49 477,103 (19.14) 4,941 (14.04)
50–64 597,993 (23.99) 8,260 (23.48)
65–74 275,752 (11.06) 4,253 (12.09)
75+ 265,428 (10.65) 6,017 (17.10)
Number of hospitalizations in previous 90 days
0 2,465,563 (98.92) 31,267 (88.86)
1 23,324 (0.94) 3,020 (8.58)
2+ 3,606 (0.14) 899 (2.55)
Length of stay (days)
0 2,465,578 (98.92) N/A
1–3 15,888 (0.64) 21,381(60.77)
4–9 5,422 (0.22) 10,394 (29.54)
10+ 5,605 (0.22) 3,411 (9.69)
Number of antibiotic classes used in previous 90 days
0 2,328,598 (93.42) 19,208 (54.59)
1 150,351 (6.03) 9,102 (25.87)
2 12,580 (0.50) 4,116 (11.70)
3 910 (0.04) 1,782 (5.06)
4 51 (0.00) 676 (1.92)
5+ 3 (0.00) 302 (0.86)

*Data from Baggs et al.6

N: number of persons, %: percentage of persons in this category out of the total
study population, CPRD: Clinical Practice Research Datalink database, HES:
Hospital Episode Statistics database, CDC: US Centers for Disease Control and
Prevention.
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of 4, the sensitivity of the risk index was 98% and the speci-
ficity was 35%. Thirty-five percent of cases were correctly
classified and the LR+ was 1.51. Table SM1 presents the
sensitivity, specificity, proportion of correctly classified and
LR+ for all possible values of the cut-off.

Informal, visual inspection of the ROC curve in Figure 2
suggests that a cut-off value of 7 could result in optimization
of the trade-off between sensitivity and specificity. Thus,
defining high risk as a score ≥7, the sensitivity was 80% and
specificity 87%; the positive predictive value (PPV) was 0.12%,
the LR+ increased to 5.98 and 87% of C. difficile infection
cases were being correctly classified. The summary statistics
indicating the discriminatory capacity of the risk index at cut-
off values of 4 and 7, respectively, are summarized in Table 2,
which includes the summary statistics for C. difficile infection
cases with onset within 365 days of the index date in addition
to those with onset within 90 days.

The cut-off risk score of 7 categorized 2,157,076 (86.5%) indi-
viduals as low-risk and 335,417 (13.5%) as high-risk (Table 3).
Altogether, 490 cases of C. difficile infection occurred within
90 days of the index date, 96 (19.6%) in individuals classified as
low-risk and 394 (80.4%) in those identified as high-risk.

In the low-risk group, the overall proportion with C. difficile
infection was 0.0045% and the proportion was similar in men
and women. The proportion with C. difficile infection increased
10-fold with age, from 0.0014% in the 18–39-year-old group to
0.015% in those aged 65–74 years. There were no individuals
aged ≥75 years with C. difficile infection.

In the high-risk group, the overall proportion with
C. difficile infection was 0.12%, similar for men and
women. The proportion was between 8 and 10 times higher
in the age group 18–39 years than in the older age groups.
For individuals with previous hospitalization, the overall
proportion with C. difficile infection was 0.68%; those with
2 or more hospital stays were infected more than twice as
often as those with 1 hospital stay, 1.37% versus 0.56%. The
proportion of infected individuals also increased with the
length of hospital stays to 1.98% for those with stays of
≥10 days, which is 10-fold higher than for those with stays
of 1–3 days. Among individuals having used antibiotics prior
to the index date, the proportion with C. difficile infection
increased from 0.12% among those having used 1 class to
0.38% among those having used 3 classes.

Figure 2. Receiver operating characteristic curve for varying risk scores for
C. difficile infection within 90 days.
Note: Area under the receiver operating characteristic curve = 0.8926.

Table 2. Risk classification and C. difficile infection within 90 days or 365 days of index date with cut–off risk scores set to either 4 or 7 (sensitivity analysis).

Cut–off value = 4 Cut–off value = 7

90 days 365 days 90 days 365 days

Case Non–case Case Non–case Case Non–case Case Non–case

High–risk 480 1,621,077 1,290 1,620,267 394 335,023 983 334,434
Low–risk 10 870,926 42 870,894 96 2,156,980 349 2,156,727
Total 490 2,492,003 1,332 2,491,162 490 2,492,003 1,332 2,491,161
OR
(95% CI)

25.79
(13.79–48.24)

16.51
(12.14–22.45)

26.42
(21.14–33.03)

18.16
(16.08–20.52)

PPV 0.03 0.08 0.12 0.29
NPV 99.99 99.99 100 99.98
LR+ 1.51 1.49 5.98 5.50

High–risk: persons with a risk score ≥ 4 (cut–off value = 4) or ≥ 7 (cut–off value = 7); Low–risk: persons with a risk score < 4 (cut–off value = 4) or < 7 (cut–off
value = 7); OR: odds ratio; CI: confidence interval; PPV: positive predictive value; NPV: negative predictive value; LR+: positive likelihood ratio.

Table 3. The study population by risk status and C. difficile infection status
within 90 days of the index date.

C. difficile infection (90 days)

Low–risk (risk score <7) High–risk (risk score ≥7)

Variable

Case
(N = 96)
n (%)

Non–case
(N = 2,156,980)

n (%)

Case
(N = 394)
n (%)

Non–case
(N = 335,023)

n (%)

Sex
Men 46 (47.92) 1,065,758 (49.41) 166 (42.13) 134,794 (40.23)
Women 50 (52.08) 1,091,222 (50.59) 228 (57.87) 200,229 (59,77)
Age (years)
18–39 12 (12.50) 875,769 (40.60) 5 (1.27) 431 (0.13)
40–49 13 (13.54) 472,429 (21.90) 5 (1.27) 4,656 (1.39)
50–64 33 (34.38) 557,364 (25.84) 22 (5.58) 40,574 (12.11)
65–74 38 (39.58) 251,418 (11.66) 36 (9.14) 24,260 (7.24)
75+ 0 (0.00) 0 (0.00) 326 (82.74) 265,102 (79.13)
Previous hospitalization
0 94 (97.92) 2,152,144 (99.78) 244 (61.93) 313,081 (93.45)
1 1 (1.04) 4,435 (0.21) 106 (26.90) 18,782 (5.61)
2+ 1 (1.04) 401 (0.02) 44 (11.17) 3,160 (0.94)
Length of stay (days)
0 94 (97.92) 2,152,147 (99.78) 244 (61.93) 313,093 (93.45)
1–3 2 (2.08) 4,228 (0.20) 21 (5.33) 11,637 (3.47)
4–9 0 (0.00) 605 (0.03) 20 (5.08) 4,797 (1.43)
10+ 0 (0.00) 0 (0.00) 109 (27.66) 5,496 (1.64)
Previous antibiotics used (number of classes)
0 89 (92.71) 2,080,266 (96.44) 286 (72.59) 247,957 (74.01)
1 6 (6.25) 73,556 (3.41) 88 (22.34) 76,701 (22.89)
2 1 (1.04) 3,031 (0.14) 16 (4.06) 9,532 (2.85)
3 0 (0.00) 120 (0.01) 3 (0.76) 787 (0.23)
4 0 (0.00) 7 (0.01) 1 (0.25) 43 (0.01)
5+ 0 (0.00) 0 (0.00) 0 (0.00) 3 (0.00)

N: total number of cases or non–cases in this risk category; n: number of cases or
non–cases in this category of the variable; %: (n/N) x100.

Antibiotics classes considered for inclusion: Aminoglycosides, 1st to 4th generation
cephalosporins, fluroquinolones, vancomycin IV, betalatamase, penicillins, clinda-
mycin, macorlides, sulfanomides antibiotics, carbapenhems, other antibiotics.
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Logistic regression analysis of risk factors

The 3,526 cases of C. difficile infection in individuals aged
≥18 years were included in univariate and multivariate logistic
regression models to determine the relative weight of the
potential risk factor categories. In the univariate analyses, all
categories of each risk factor were found to be statistically
significant at the p = 0.05 level and were thus retained in the
multivariate analysis. However, there was a high degree of
collinearity between the number of previous hospitalizations
and the total number of days spent in hospital, so the latter
variable was left out of the multivariate analysis.

When controlling for the other risk factors, the strongest
associations with developing C. difficile infection were found
for having been hospitalized twice (OR = 115.36, 95% CI:
104.36–127.51), having been treated with 5 or more classes of
antibiotics (OR = 70.31, 95% CI: 2.55–1934.91) and having been
hospitalized once (OR = 47.76, 95% CI: 43.84–52.03) (Table 4).

Discussion

This study was the first to use the CPRD-linked HES APC
database to estimate the incidence of C. difficile infection in
a primary care setting. Over the 4-year study period, from
January 2008 to March 2012, the incidence of C. difficile
infection was found to fall steadily, with an overall decrease
of the annual incidence rate per 10,000 PY of about 50%.
A similar, although even more pronounced, decrease in the
overall annual incidence rate per 10,000 PY over the same
period was observed in the national surveillance data recorded
by PHE. The validation against the PHE data reinforces the
feasibility of measuring risk factors for C. difficile infection in
the CPRD/HES data. The higher number of C. difficile infec-
tion cases reported in 2008 in the PHE database may be linked
to the epidemic of Toxin B strains of C. difficile infection that
happened at that time in Europe.29

Applying the CDC risk index to the CPRD/HES population to
assess its performance and usefulness in the primary care context
showed that the CDC cut-off value of the risk score of 4 gave
a very low PPV and also a LR+ value close to 1. Selecting 7 as an
alternative cut-off value of the risk score based on visual inspec-
tion of the ROC curve and detailed analyses by risk scores,
resulted in relatively high sensitivity and specificity, correct classi-
fication of 87% rather than 35% of the individuals, and a LR+
value of 5.98. An LR+ value of this order suggests an increased risk
for C. difficile infection of about 35% for the high-risk group
compared to the low-risk group (cf. the examples provided by
McGee in his introduction of the simplified LR+ measure30).

With 4 as the cut-off value for the risk score, 2 thirds of our
study population were in the high-risk group. The cut-off value
of 7 seems to be more appropriate for clinical application in
primary care for a number of reasons. Both the sensitivity and
specificity are higher, meaning that the test is more effective at
distinguishing between individuals at risk and not at risk. It also
means that risk factors beyond age alone are contributing to an
individual’s risk status, whereas the cut-off value of 4 places all
persons aged ≥40 in the high-risk group. The cut-off of 7 also
augmented the PPV to 12% rather than 3%.

Multivariate logistic regression analysis of the risk factors
indicated that the factors with the highest independent associa-
tion with developing C. difficile infection, when controlling for
the other factors, were: having been hospitalized during the
90 days preceding the C. difficile infection episode; having used
4 or more classes of antibiotics over the same period; and being
75 years old or older. The relative scores assigned to the risk
factor categories may in future development of the risk index be
better adapted to a general primary care population by using the
OR estimates derived in the multivariate risk factor analysis.

For comparison with other risk indices for C. difficile infec-
tion used in previous studies, it must first be noted that only few
of these have focused on primary care settings. In a recent study
using a Medicare 5% random sample, representative of the US

Table 4. Logistic regression for assessment of the association of risk factors assessed during the 90 days before C. difficile infection onset.

CDI Univariate analyses Multivariate analysis

Variable Case (N = 3,526) n (%) Non–case (N = 2,488,967) n (%) OR (95% CI) Adjusted OR* (95% CI)

Age (years)
18–39 118 (3.35) 825,446 (33.16) Reference category Reference category
40–49 118 (3.35) 472,152 (18.97) 1.75 (1.35–2.26) 1.67 (1.29–2.16)
50–59 417 (11.83) 600,870 (24.14) 4.85 (3.96–5.96) 3.84 (3.12–4.71)
60–74 614 (17.41) 294,380 (11.83) 14.59 (11.98–17.77) 7.96 (6.53–9.72)
75+ 2,259 (64.07) 296,119 (11.90) 53.37 (44.35–64.22) 15.69 (13.00–18.95)
Hospitalized before
0 878 (24.90) 2,431,332 (97.68) Reference category Reference category
1 1,736 (49.23) 48,703 (1.96) 98.70 (90.96–107.10) 47.76 (43.84–52.03)
2+ 912 (25.87) 8,932 (0.36) 282.74 (257.13–310.91) 115.36 (104.36–127.51)
Length of stay (days)
0 892 (25.30) 2,431,411 (97.69) 0.09 (0.08–0.11)
1–3 125 (3.55) 31,460 (1.26) Reference category Not included in the adjusted model
4–9 313 (8.88) 12,533 (0.50) 6.28 (5.10–7.74)
10+ 2,196 (62.28) 13,563 (0.54) 40.75 (33.99–48.85)
No. of antibiotics classes used
0 2,348 (66.59) 2,278,820 (91.56) Reference category Reference category
1 897 (25.44) 188,347 (7.57) 4.62 (4.28–4.99) 2.07 (1.91–2.25)
2 241 (6.83) 20,203 (0.81) 11.58 (10.13–13.23) 3.34 (2.89–3.85)
3 35 (0.99) 1,508 (0.06) 22.53 (16.07–31.57) 4.94 (3.39–7.20)
4 4 (0.11) 85 (0.00) 45.67 (16.74–124.60) 7.30 (2.31–23.04)
5+ 1 (0.03) 4 (0.00) 242.81 (27.14–2172.16) 70.31 (2.55–1934.91)

CDI: Clostridium difficile infection; OR: odds ratio; CI: confidence interval; N: number of cases or non–cases; n: number of cases (or non–cases) in this category; %: (n/N)x100.
Antibiotics classes considered for inclusion: Aminoglycosides, 1st to 4th generation cephalosporins, fluroquinolones, vancomycin IV, betalatamase, penicillins,
clindamycin, macorlides, sulfanomides antibiotics, carbapenhems, other antibiotics.
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population >65 years of age, high-risk individuals were identified
with the ‘population attributable risk percentage’ (PAR%).12 The
PAR% combines determination of the independent importance
of individual risk factors with an assessment of the prevalence of
each risk factor in the targeted population.12 An exploratory
examination of the applicability of this notion to the results of
our study indicates that the PAR% associated with the risk factor
with the highest OR in themultivariate risk factor analysis would
result in a low PAR%, as only 0.22% of the population had 2 or
more hospitalizations.

Limitations of the study include the fact that the HES APC
data do not record medications used during hospital admis-
sions. Consequently, the use of antibiotics may have been
underestimated for the 1.6% of the population that had been
hospitalized at least once before the risk assessment unless the
use had been recorded in the general practitioner (GP)’s notes
or the GP prescribed continued antibiotics use after discharge
of the patient. The study must also be seen in the light of
general limitations of CPRD data,31 including variations in
data quality due to the data being recorded during routine GP
consultations, rather than for research purposes.

One strength of the study was the large number of indivi-
duals observed, meaning that very precise estimates could be
obtained and that no imputations were made for missing
values. Furthermore, since the risk factors examined are read-
ily available data, no additional data collection was required
for the use of the risk index to identify individuals at elevated
risk for C. difficile infection.

Conclusions

Each of the variables included in the risk score was signifi-
cantly associated with the risk of C. difficile infection (p-value
<0.05). The risk factors identified in this study are well recog-
nized and reported in the literature and our study confirmed
that it is possible to measure them in the CPRD/HES data-
bases, with the proviso that antibiotics use during hospitaliza-
tions may not be captured.

The performance of the CDC score in the primary care
sector using CPRD/HES data was low. Assigning a higher risk
score as cut-off value between low and high risk based on
optimization of the trade-off between sensitivity and specifi-
city improved the performance of the risk index considerably.
However, further refinement beyond adjustment of the cut-off
value is required to increase its usefulness in a primary care
setting. Given the variables now included, a possible improve-
ment would be to adapt the relative weights assigned to the
individual categories of the risk factors. The inclusion of other
readily available variables previously identified as risk factors
for C. difficile infection (such as underlying immunosuppres-
sion, renal insufficiency or history of diabetes, or use of
proton pump inhibitors) could also be considered.

As the overall prevalence ofC. difficile infection is low, the PPV
of any predictive tool remains moderate, meaning that most
individuals classified as high-risk will not developC. difficile infec-
tion. Nevertheless, such tools may be relevant and useful if they
are convenient and inexpensive, especially if they have a negative
predictive value around 100%. The results can optimize the iden-
tification of patients to be targeted for individual C. difficile testing

and epidemiological assessment and potentially, the identification
of antibiotic resistant strains. In addition, they can also be used to
better identify target populations for inclusion in clinical trials for
vaccine development and other preventive interventions against
C. difficile infection.

Methods

This retrospective observational study used data extracted from
the CPRD. The CRPD includes anonymized electronic records
from GPs across the UK. The database contains records including
medical diagnoses, referrals to secondary care, prescriptions, diag-
nostic test results and all other types of care administered as part
of GP routine work. The CPRD GOLD database, linked to the
HES dataset, was used for this study. As of January 2014, the
CPRD contained records of more than 13 million persons of
whom approximately 5.5 million were still active (alive, currently
registered), representing about 8.5% of the UK population during
the study period. The HES data link was available for approxi-
mately 60% of the individuals in the CPRD database.32 CPRD is
broadly representative of the characteristics of patients (in terms
of age, gender and ethnicity) and GP practices in the UK.31,33

The index date for the start of follow up for an individual was
the date of the first record of a C. difficile infection such as his/
her first GP visit or the first prescription during the study period,
to ensure that the individual was active in the cohort. Individuals
with a history of C. difficile infection or exposure to related
treatments (i.e., vancomycin, metronidazole, fidaxomicin) dur-
ing the 90 days prior to the index date were excluded. The risk
assessment was made at the index date for each participant.

To identify C. difficile infection cases, the PHE standard
case definition3 was used. Since 2007, all NHS trusts in
England have been requested to report all cases of C. difficile
infection using this definition in individuals aged 2 years or
older as part of a program of mandatory surveillance of
C. difficile infection initiated in 2004. Based on this definition,
a list of Read codes was established and used for data extrac-
tion from the CPRD/HES dataset.

An analysis of the overall incidence of C. difficile infection
was performed to assess the capture of C. difficile infection
cases in the CPRD/HES dataset compared to that of the
mandatory PHE surveillance.3 For this analysis, individuals
aged 2 years or older were included in the cohort, provided
they met the standard CPRD requirements for acceptability
for research,31 were eligible for the HES link, and had been
included in the database for at least 12 months at the time of
inclusion in the study cohort.

Overall annual incidence rates were calculated for the CPRD/
HES cohort and compared to the incidence rates reported by
PHE as a validation of the CPRD/HES dataset. The incidence
was expressed as the annual incidence rate per 10,000 PY. For
2012, the annual rate was estimated by extrapolation of the
number of cases observed until the end of March.

For the main analysis of the validity of the CDC risk index
and the assessment of the relative importance of the potential
risk factors for C. difficile infection, only individuals aged
18 years or older were included in the study cohort.

The CDC risk index is based on the following co-variates with
respective categories: age (18–39, 40–49, 50–64, 65–74, and 75+),
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previous hospitalizations (0, 1, 2+), length of stay in hospital
(0, 1–3 days, 4–9, 10+), and use of antibiotics (0, 1 class, 2 classes,
3, 4, 5 classes). Previous hospitalizations, length of stay in hospital,
and use of antibiotics classes other than C. difficile-related anti-
biotics were assessed over the 90 days prior to the index date for
the assessment of risk. The reference category for each variable
was given a score of 0 and the number of points assigned to the
other categories is presented in Table SM2.

Further details about the assignment of points to the different
categories may be found in the original paper presenting the
CDC index in a study of adult residents of Emerging Infection
Programs at 2 academic centers; participants were included at
discharge after an inpatient stay in one of the study hospitals,
conditional on having no history of C. difficile infection.6

The primary outcome of the validation analysis was the
risk score of C. difficile infection development ≤90 days or
≤365 days after the risk assessment index date in low-risk and
high-risk individuals, respectively. A ROC curve for the trade-
off between the sensitivity and specificity of the risk index was
generated, and the area under the curve determined.

The performance of the selected index cut-off score in
discriminating between high and low-risk individuals was
summarized in terms of sensitivity, specificity, PPV, negative
predictive value, and its LR+. The latter is a relatively rarely
used measure of diagnosing accuracy and it estimates the
likelihood of a particular finding in a person with the disease
divided by the likelihood of the same finding in a person
without the disease.29

The predictive value of potential risk factors was assessed
by multivariate logistic regression analysis, determining the
OR with corresponding CI for each factor. For the C. difficile
infection cases in these analyses, the presence and ‘grade’ of
the risk factors were assessed for the 90 days prior to the date
of C. difficile infection diagnosis. For cohort participants with-
out C. difficile infection, GP consultations following the index
date were recorded during the study period. The assessment
of risk factors was done for the 90 days period preceding
a randomly chosen consultation from the follow-up period.

Acknowledgments

The authors thank Myriam Wilbaux (XPE Pharma & Science, Belgium c/
o GSK) for publication management and Niels Neymark for drafting the
manuscript.

Authors’ contributions

GF, CM and LW designed the study. YEH, GF, CM generated the data.
YEH, CM performed the analysis. YEH, GF, CM, ARV and LW inter-
preted the data. All authors reviewed and commented on a draft version
of the manuscript and gave their final approval for it to be submitted for
publication.

Disclosure of potential conflicts of interest

CM and ARV are employees, and YEH former employee, of the GSK
group of companies. GF and LW declare that they have no conflict of
interest.

Funding

This work was supported by GlaxoSmithKline Biologicals SA. Glaxo
Smith Kline Biologicals was involved in all stages of the study conduct
and analysis and funded all costs associated with the development and
the publishing of the present manuscript

ORCID

Yassine El Hahi http://orcid.org/0000-0002-3940-8500

References

1. Leuzzi R, Adamo R, Scarselli M. Vaccines against Clostridium
difficile. Hum Vaccin Immunother. 2014;10(6):1466–77.
doi:10.4161/hv.28428.

2. Leffler DA, Lamont JT. Clostridium difficile infection. N Engl
J Med. 2015;372(16):1539–48. doi:10.1056/NEJMra1403772.

3. Public Health England. Updated guidelines on the management
and treatment of C. diff infection. 2013. [accessed 2017 May 7].
https://assets.publishing.service.gov.uk/government/uploads/sys
tem/uploads/attachment_data/file/321891/Clostridium_difficile_
management_and_treatment.pdf.

4. Lessa FC, Mu Y, Bamberg WM, Beldavs ZG, Dumyati GK,
Dunn JR, Farley MM, Holzbauer SM, Meek JI, Phipps EC, et al.
Burden of Clostridium difficile infection in the United States.
N Engl J Med. 2015;372(9):825–34. doi:10.1056/NEJMoa1408913.

5. Ofori E, Ramai D, Dhawan M, Mustafa F, Gasperino J, Reddy M.
Community-acquired Clostridium difficile: epidemiology, ribo-
type, risk factors, hospital and intensive care unit outcomes, and
current and emerging therapies. J Hosp Infect. 2018;99(4):436–42.
doi:10.1016/j.jhin.2018.01.015.

6. Baggs J, Yousey-Hindes K, Ashley ED, Meek J, Dumyati G,
Cohen J, Wise ME, McDonald LC, Lessa FC. Identification of
population at risk for future Clostridium difficile infection follow-
ing hospital discharge to be targeted for vaccine trials. Vaccine.
2015;33(46):6241–49. doi:10.1016/j.vaccine.2015.09.078.

7. Jones AM, Kuijper EJ, Wilcox MH. Clostridium difficile:
a European perspective. J Infect. 2013;66(2):115–28. doi:10.1016/
j.jinf.2012.10.019.

8. Butt E, Foster JA, Keedwell E, Bell JE, Titball RW, Bhangu A,
Michell SL, Sheridan R. Derivation and validation of a simple,
accurate and robust prediction rule for risk of mortality in
patients with Clostridium difficile infection. BMC Infect Dis.
2013;13:316. doi:10.1186/1471-2334-13-316.

9. Chandra S, Latt N, Jariwala U, Palabindala V, Thapa R,
Alamelumangapuram CB, Noel M, Marur S, Jani N. A cohort
study for derivation and validation of a clinical prediction scale
for hospital-onset Clostridium difficile infection. Can
J Gastroenterol. 2012;26:885–88.

10. Chandra S, Thapa R, Marur S, Jani N. Validation of a clinical
prediction scale for hospital-onset Clostridium difficile infection.
J Clin Gastroenterol. 2014;48(5):419–22. doi:10.1097/
mcg.0000000000000012.

11. Dubberke ER, Yan Y, Reske KA, Butler AM, Doherty J, Pham V,
Fraser VJ. Development and validation of a Clostridium difficile
infection risk prediction model. Infect Control Hosp Epidemiol.
2011;32(4):360–66. doi:10.1086/658944.

12. Dubberke ER, Olsen MA, Stwalley D, Kelly CP, Gerding DN,
Young-Xu Y, Mahe C. Identification of Medicare recipients at
highest risk for Clostridium difficile infection in the US by popu-
lation attributable risk analysis. PLoS One. 2016;11(2):e0146822.
doi:10.1371/journal.pone.0146822.

13. Hebert C, Du H, Peterson LR, Robicsek A. Electronic health
record-based detection of risk factors for Clostridium difficile
infection relapse. Infect Control Hosp Epidemiol. 2013;34
(4):407–14. doi:10.1086/669864.

14. Hensgens MP, Dekkers OM, Goorhuis A, LeCessie S, Kuijper EJ.
Predicting a complicated course of Clostridium difficile infection

6 C. MARLEY ET AL.

https://doi.org/10.4161/hv.28428
https://doi.org/10.1056/NEJMra1403772
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/321891/Clostridium_difficile_management_and_treatment.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/321891/Clostridium_difficile_management_and_treatment.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/321891/Clostridium_difficile_management_and_treatment.pdf
https://doi.org/10.1056/NEJMoa1408913
https://doi.org/10.1016/j.jhin.2018.01.015
https://doi.org/10.1016/j.vaccine.2015.09.078
https://doi.org/10.1016/j.jinf.2012.10.019
https://doi.org/10.1016/j.jinf.2012.10.019
https://doi.org/10.1186/1471-2334-13-316
https://doi.org/10.1097/mcg.0000000000000012
https://doi.org/10.1097/mcg.0000000000000012
https://doi.org/10.1086/658944
https://doi.org/10.1371/journal.pone.0146822
https://doi.org/10.1086/669864


at the bedside. Clin Microbiol Infect. 2014;20(5):O301–8.
doi:10.1111/1469-0691.12391.

15. Kassam Z, Cribb, Fabersunne C, Smith MB, Alm EJ, Kaplan GG,
Nguyen GC, Ananthakrishnan AN. Clostridium difficile associated
risk of death score (CARDS): A novel severity score to predict
mortality among hospitalised patients with C. difficile infection.
Aliment Pharmacol Ther. 2016;43(6):725–33. doi:10.1111/apt.13546.

16. Khanafer N, Vanhems P, Barbut F, Luxemburger C, Demont C,
Hulin M, Dauwalder O, Vandenesch F, Argaud L, Badet L, et al.
Factors associated with Clostridium difficile infection: A nested
case-control study in a three year prospective cohort. Anaerobe.
2017;44:117–23. doi:10.1016/j.anaerobe.2017.03.003.

17. Kuntz JL, Johnson ES, Raebel MA, Platt RW, Petrik AF, Yang X,
Thorp ML, Spindel SJ, Neil N, Smith DH. Predicting the risk of
Clostridium difficile infection following an outpatient visit: develop-
ment and external validation of a pragmatic, prognostic risk score. Clin
Microbiol Infect. 2015;21(3):256–62. doi:10.1016/j.cmi.2014.11.001.

18. Kuntz JL, Smith DH, Petrik AF, Yang X, Thorp ML, Barton T,
Barton K, Labreche M, Spindel SJ, Johnson ES. Predicting the risk
of Clostridium difficile infection upon admission: A score to
identify patients for antimicrobial stewardship efforts. Perm J.
2016;20(1):20–25. doi:10.7812/tpp/15-049.

19. LaBarbera FD, Nikiforov I, Parvathenani A, Pramil V,
Gorrepati S. A prediction model for Clostridium difficile
recurrence. J Community Hosp Intern Med Perspect. 2015;5
(1):26033. doi:10.3402/jchimp.v5.26033.

20. Miller MA, Louie T, Mullane K, Weiss K, Lentnek A, Golan Y,
Kean Y, Sears P. Derivation and validation of a simple clinical
bedside score (ATLAS) for Clostridium difficile infection which
predicts response to therapy. BMC Infect Dis. 2013;13:148.
doi:10.1186/1471-2334-13-148.

21. Shivashankar R, Khanna S, Kammer PP, Scott Harmsen W,
Zinsmeister AR, Baddour LM, Pardi DS. Clinical predictors of
recurrent Clostridium difficile infection in out-patients. Aliment
Pharmacol Ther. 2014;40(5):518–22. doi:10.1111/apt.12864.

22. Stites SD, Cooblall CA, Aronovitz J, Singletary SB, Micklow K,
Sjeime M. The tipping point: patients predisposed to Clostridium
difficile infection and a hospital antimicrobial stewardship
programme. J Hosp Infect. 2016;94(3):242–48. doi:10.1016/j.
jhin.2016.07.022.

23. Tabak YP, Johannes RS, Sun X, Nunez CM, McDonald LC.
Predicting the risk for hospital-onset Clostridium difficile infection
(HO-CDI) at the time of inpatient admission: HO-CDI risk score.

Infect Control Hosp Epidemiol. 2015;36(6):695–701. doi:10.1017/
ice.2015.37.

24. van Werkhoven CH, van der Tempel J, Jajou R, Thijsen SF,
Diepersloot RJ, Bonten MJ, Postma DF, Oosterheert JJ.
Identification of patients at high risk for Clostridium difficile
infection: development and validation of a risk prediction
model in hospitalized patients treated with antibiotics. Clin
Microbiol Infect. 2015;21(8):786 e1–8. doi:10.1016/j.
cmi.2015.04.005.

25. ZilberbergMD,ReskeK,OlsenM,YanY,Dubberke ER.Development
and validation of a recurrent Clostridium difficile risk-prediction
model. J Hosp Med. 2014;9(7):418–23. doi:10.1002/jhm.2189.

26. Friedman HS, Navaratnam P, Reardon G, High KP, Strauss ME.
A retrospective analysis of clinical characteristics, hospitalization,
and functional outcomes in residents with and without
Clostridium difficile infection in US long-term care facilities.
Curr Med Res Opin. 2014;30(6):1121–30. doi:10.1185/
03007995.2014.895311.

27. Stevens V, Concannon C, van Wijngaarden E, McGregor J.
Validation of the chronic disease score-infectious disease
(CDS-ID) for the prediction of hospital-associated
Clostridium difficile infection (CDI) within a retrospective
cohort. BMC Infect Dis. 2013;13:150. doi:10.1186/1471-2334-
13-150.

28. Yu H, Baser O, Wang L. Burden of Clostridium difficile-associated
disease among patients residing in nursing homes: a
population-based cohort study. BMC Geriatr. 2016;16(1):193.
doi:10.1186/s12877-016-0367-2.

29. Kuijper EJ, Barbut F, Brazier JS, Kleinkauf N, Eckmanns T,
Lambert ML, Drudy D, Fitzpatrick F, Wiuff C, Brown DJ, et al.
Update of Clostridium difficile infection due to PCR ribotype 027
in Europe, 2008. Euro Surveill. 2008;13(31): 1–9.

30. McGee S. Simplifying likelihood ratios. J Gen Intern Med. 2002;17
(8):646–49. doi:10.1046/j.1525-1497.2002.10750.x.

31. Herrett E, Gallagher AM, Bhaskaran K, Forbes H, Mathur R, van
Staa T, Smeeth L. Data resource profile: clinical Practice Research
Datalink (CPRD). Int J Epidemiol. 2015;44(3):827–36.
doi:10.1093/ije/dyv098.

32. The Clinical Practice Research Datalink; [accessed 2014 May 10].
www.cprd.com.

33. Campbell J, Dedman DJ, Eaton SC, Gallagher AM, Williams TJ. Is
the CPRD Gold population comparable to the UK population?
Pharmacoepidemiol Drug Saf. 2013;22:280–81.

HUMAN VACCINES & IMMUNOTHERAPEUTICS 7

https://doi.org/10.1111/1469-0691.12391
https://doi.org/10.1111/apt.13546
https://doi.org/10.1016/j.anaerobe.2017.03.003
https://doi.org/10.1016/j.cmi.2014.11.001
https://doi.org/10.7812/tpp/15-049
https://doi.org/10.3402/jchimp.v5.26033
https://doi.org/10.1186/1471-2334-13-148
https://doi.org/10.1111/apt.12864
https://doi.org/10.1016/j.jhin.2016.07.022
https://doi.org/10.1016/j.jhin.2016.07.022
https://doi.org/10.1017/ice.2015.37
https://doi.org/10.1017/ice.2015.37
https://doi.org/10.1016/j.cmi.2015.04.005
https://doi.org/10.1016/j.cmi.2015.04.005
https://doi.org/10.1002/jhm.2189
https://doi.org/10.1185/03007995.2014.895311
https://doi.org/10.1185/03007995.2014.895311
https://doi.org/10.1186/1471-2334-13-150
https://doi.org/10.1186/1471-2334-13-150
https://doi.org/10.1186/s12877-016-0367-2
https://doi.org/10.1046/j.1525-1497.2002.10750.x
https://doi.org/10.1093/ije/dyv098
http://www.cprd.com

	Abstract
	Introduction
	Results
	Overall incidence of C.difficile infection
	Demographics and risk factor characteristics
	Risk classification of the study population
	Logistic regression analysis of risk factors

	Discussion
	Conclusions
	Methods
	Acknowledgments
	Authors’ contributions
	Disclosure of potential conflicts of interest€
	Funding
	References

