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Conclusion
Abstract Our data supports the results of a previous systematic
review and contradicts many currently proposed risk
Background stratification systems, including the guidance by Public

Health England. We anticipate that our results will help
direct the medical community to a consensus on a risk
stratification system that uses albumin, creatinine, age
and WBC as markers for CDAD mortality.

Clostridium difficile associated diarrhoea (CDAD) is a
severe threat, occurring with increasing frequency,
severity and mortality. There is currently no consensus
on a validated scoring system of CDAD severity, to guide
the decisions of clinicians, and bodies such as Public
Health England. Validation of these scoring systems
could help improve patient outcomes and allow accurate
resource allocation, particularly in light of novel, costly
therapies.

Keywords: Clostridium difficile; Scoring system; Mortality;
Severity; Validation

List of abbreviations

Patients and methods CDAD: Clostridium Difficile Associated Diarhoea; Hb:
Haemoglobin; LOI: Length of Infection; NIHR: National Institute
for Health Research; OR: Odds Ratio; SE: Standard Error; WBC:
White Blood Cell Count

This study is a prospective cohort analysis of 329 toxin
assay positive CDAD episodes in a tertiary University
hospital in the UK. Demographic parameters recorded
included age, sex and comorbidities, whilst blood
markers included haemoglobin, white cell count,
creatinine and albumin. These along with other variables
were compared with the 30-day all cause mortality and
length of infection in this cohort of patients.

Background

Since it was first isolated eighty years ago as a commensal in
the intestinal flora of neonates [1] Clostridium Difficile has
become recognised as a major human pathogen [2] with an
inpatient mortality rate three times higher than for age and co-
morbidity matched controls [3]. As a spore-forming Gram-
positive anaerobic bacillus, the symptoms of C. Difficile

Results

Sixty four percent of the patients were aged over 70,

61% were female, and CDAD was more common in
patients with multiple co-morbidities. Our data showed
that 96% of the cases were hospital acquired, of which
90% occurred on the medical wards. We found that older
age, higher white blood cell count (WBC), higher
creatinine and lower albumin were significant positive
predictors of mortality, whilst haemoglobin, and
Charlson co-morbidity index were non-predictive. We
also found that amongst these parameters, old age and a
higher white blood cell count were the only parameters
associated with length of infection.

associated diarrhoea (CDAD) can range in severity from mild and
self-limiting to fulminant infection resulting in a toxic megacolon
and pseudomembranous colitis, carrying a mortality rate of 35%
[4].

Injudicious antibiotic administration, particularly
polypharmacy and the continued use of non C. difficile
antibiotics after diagnosis of CDAD have been clearly
documented as major risk factors for both developing CDAD and
for subsequent relapses [5,6] with the majority of antibiotics
implicated as a risk factor for infection [7,8] This has led to the
guidance of metronidazole or vancomycin as the standard
treatment of choice for CDAD [9,10] with some authors
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suggesting a pulsed or tapering dosage to reduce the risk of
relapse [11].

However, despite the prescribing guidance, the incidence of
CDAD has risen steadily over the past two decades [12] with
Public Health England recording a 50-fold increase in the rate of
CDAD since the 1990s, peaking at 50,000 cases in 2007 [13].
Furthermore, since 2001, the severity of infection has steadily
increased, as has the incidence of the highly virulent C. difficile
ribotype 027 [14-17] with a 2010 review of 10,975 CDAD cases
demonstrating a doubling of the mortality rate (4% to 8%) since
2000 [18] This has led to a renewed interest in the use of
innovative treatments for CDAD such as antibodies, probiotics
and vaccines [19-22] Due to the large costs involved with these
novel treatments and the significant mortality rate associated
with severe CDAD, it has become increasingly important to
prospectively identify those patients who are most at risk of
developing CDAD in order to allocate resources appropriately.

The latest UK guidance on the treatment of CDAD is based on
risk stratification into mild, moderate, severe and life
threatening (fulminant) infection [13,19]. This stratification aims
to produce protocol driven assistance for deciding appropriate
pharmacological treatment. However, despite the recognised
need to identify those patients most at risk of mortality, there is
currently no consensus in the medical literature on a validated
scoring system, which can objectively and reproducibly assess
the severity of CDAD [22-25].

This article aims to build on the work of previous studies in
further assessing the positive predictors of mortality whilst
discussing those parameters, which have no value as risk
markers. We also assess the factors, which play a role in
increased length of infection (LOI) and therefore hospital stay
and cost. The findings are finally contrasted with current public
health guidance regarding risk stratification with a view to
discussing improvements to the risk assessment process.

Patients and methods

Patients of all ages, who were diagnosed to have a C. difficile
toxin positive stool culture in our tertiary University hospital
were entered onto a central database with demographic, clinical
and pathological data recorded for the duration of the infective
episode. A prospective cohort analysis was conducted on these
recorded cases with 341 infective episodes identified over the
three-year period between 2009 and 2012. Patients readmitted
to the infectious disease ward for suspected repeat CDAD in a
single hospital visit, without a record of having cleared the
previous infection were considered a single case whereas
patients readmitted with a record of having cleared the initial
infection and with a new positive toxin assay were considered as
separate cases. Following these inclusion criteria, the study
included 329 unique cases of CDAD.

Demographic parameters included age and sex of the patient
whilst blood markers included haemoglobin, white cell count,
creatinine and albumin. The most recent blood results after the
diagnosis of infection were utilised with all samples taken within
72 hours of a positive stool culture. A senior member of the
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infectious diseases team clinically judged the clearance of
infection, with toxin-clear stool samples not routinely requested.

Mortality was defined as 30-day all-cause mortality, in
accordance with the definition identified in the systematic
review by Bloomfield et al. [23]. Length of infection (LOI) was
defined as the length of time from the positive stool C. difficile
toxin assay to the date of clinical resolution.

The Charlson comorbidity Index was used as a measure of
comorbid illness which was calculated using the patient’s age
and co-morbidity at the time of admission [26,27]. Charlson
index was treated as a continuous variable for the purpose of
statistical validation in accordance with study protocols
identified in the systematic review by Bloomfield et al. [23].

Univariate associations of mortality were conducted using a
two-tailed t-test, looking at differences in mean age, white cell
count, creatinine, albumin, haemoglobin and the Charlson index,
between survivors and non-survivors. Independence of renal
disease and mortality was tested using Pearson’s chi-squared
test. A significance level of a=0-05 was considered in all tests
performed. Multivariate analysis using logistic regression was
used to test the single variable association of age, creatinine,
albumin, haemoglobin, renal disease, or Charlson index, with
mortality.

Linear regression analysis was used to examine the
association between length of infection and age, creatinine,
haemoglobin, and the Charlson index. To ensure fulfilment of
statistical assumptions, length of infection was logarithm
transformed before analyses. Hence results are presented for
the transformed length of infection.

Results

In this prospective cohort analysis of 329 cases of toxin assay
confirmed CDAD, patient age ranged from 2-105 years, with
CDAD occurring more frequently in those with advancing age
(64% = 70 years) (Figure 1). CDAD was also observed to affect
females more frequently than males making up 61% of the cases
(F=201, M=128) (Figure 1). Of the 194 cases where place of
CDAD acquisition was recorded, 96% were hospital acquired,
and 90% were from a medical ward - the most common
specialty of which was geriatrics (Table 1). CDAD commonly
affected patients with multiple comorbidities, with an average
Charlson Index score of 4.92 within the cohort (Table 1).

Statistically significant differences were found between
survivors and deceased patients by age, (p=0.0001), WBC
(p=0.012), creatinine levels (p=0.015), and albumin levels
(p<0.01); but not by sex (p=0.317), place of acquisition, Charlson
index (p=0.165), or Hb (p=0.581) (Table 1). The logistic
regression analysis identified albumin concentration as inversely
associated with mortality when taken in isolation. In fact, per
unit increase in albumin, the odds of death decreased, Odds
ratio (OR)=0.85 (Standard Error (SE)=0.0387, P<0.0001). White
cell count achieved borderline significance (p=0.052), however
none of the other factors evaluated using this method were
found to be independently associated with mortality.
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Results from the regression analyses performed
demonstrated that, age (p<0.0001) and white cell count
(p=0.011) were associated with longer length of infection, but
no evidence was found of an association between length of
infection and creatinine, albumin, haemoglobin, Charlson index
or renal disease (Table 1). In fact, per extra year of age, the
logged length of infection increased by 0.020 days (SE=0.005)
whilst per 109/L increase in white cell count, the logged length
of infection increased by 0.037 days (SE=0.014).

Table 1: Demographic, Clinical and Univariate Associatations of
30-day all-cause mortality in Clostridium difficile patients.

Age (years) 71 (20) 70 (21) 79 (15) 0.000b
201 166
Females [n (%)] 61) 83) 35 (17)
0.317a
128 111
Males [n (%)] (39) @87) 17 (13)
Duration of Admission (days) 41 (37) - - -
276
0 - - -
Total Known [n (%)] (84)
Length of Infection (days) 19 (18) - - -
214
0 - - -
Total Known [n (%)] (65)
Place of Acquisition - - - -
194 160
Total Known [n (%)] (59) (64) 34 (62) -
. 187 154
Hospital [n (%)] (96) (96) 33 (97) 0.975a
Community [n (%)] 7(4) 7 (4) 1(3) 0.713a
Speciality Breakdown: - - - -
: 169 141
Total Medical [n (%)] (90) 88) 28 (82) 0.809a
Total Surgical [n (%)] 18 (10) 13 (8) 5 0.283a
General Med. [n (%)] 38 (20) 30 (19) 8 0.606a
Geriatrics [n (%)] 47 (25) 35 (22) 12 0.211a
Oncology [n (%)] 10 (5) 8 (5) 2 0.841a
Nephrology [n (%)] 11 (6) 9(6) 2 0.956a
Other [n (%)] 63 (34) 59 (37) 4 0.029a
Renal disease [n (%)] 61 (21) 50 (17) 11 (4) 0.989a
296
Total Known (n) (90) - - -
11.1 10.5
WBC (x109/L) 8.5) 8.4) 15.6 (8) 0.010b
184
Total Known [n (%)] (56) - - -
- 129 120 195
Creatinine (umol/L) (119) (116) (120) 0.015b
184
Total Known [n (%)] (56) - - -
) 244 19.3
Albumin (g/L) 6.9) 25 (6.8) (4.9) 0.000b
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Hb (/) we | e | man| osm
Total Known [n (%)] 258:) - - -

4.9 4.9 5.3
Charlson Score @2.1) 2.2) (1.8) 0.165b
o 183

T Total Known [n (%)] (56) - - -

Continuous variables are reported as means with standard deviations in
parentheses. Binary or categorical variables are reported as absolute number
and percentage (with total known number of observed values as the
denominator). P-value for difference between survivors and nonsurvivors was
not calculated for duration of admission or length of infection as for nonsurvivors
this would have been biased by the 30-day definition of mortality. Hb-
haemoglobin; WBC, White blood cell count aP-value generated using Pearson's
X2-test. bP-value generated using two-tailed t-test

Age

W Male %

M Female %
20

Percentage of total population

Figure 1: Clostridium difficile patient population distribution
by age and sex.
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Discussion

The demographics of the patients included in this study are
similar to previously published work [18]. In line with the
majority of studies over the past thirty years, advancing age is
shown to be a major risk factor for both the incidence and
mortality rate of CDAD with two thirds of patients in the study
older than 70 years of age. In addition, the female:male ratio of
3:2 is similar to other study groups [28] although there appears
to be no widely accepted reason for this, particularly as the
mean age between the two sexes was not statistically different.

Consistent with previous research evaluating hospital
databases, the vast majority of the individuals included in this
study developed CDAD whilst in hospital. One study assessing
community based CDAD suggested that community infections
tend to affect younger, female patients with a decreased disease
severity [29] With up to one third of infections. potentially
developing outside of the hospital setting, it is likely that the
reported CDAD incidence of around 1 per 1000 inpatient
episodes [30] may underestimate the burden of CDAD on
society as a whole.



Around half of diagnoses were made on patients residing on
medical wards with around 1 in 10 involving surgical patients. It
has been reported that surgical patients developing CDAD may
be significantly younger than their medical counterparts [31]
however we were not able to demonstrate a significant
demographic difference between the specialities.

All blood tests included within the study were taken within 3
days of diagnosis of CDAD. Whilst there is still an incomplete
understanding of blood marker trends during CDAD, it has been
shown that investigations, particularly WBC and albumin are
most sensitive within the first 72 hours of onset of symptoms
[32].

This study demonstrates that, when assessed together, the
most reliable risk factors for increased mortality with CDAD are
older age, higher white cell count, higher creatinine and lower
albumin. These results are consistent with the findings of a
systematic review evaluating previous studies [23] and further
validates the usage of these factors in a predictive scoring
system. The degree of co-morbidity, calculated using the
Charlson index, showed a degree of positive prediction but not
to adequate statistical significance and should therefore be used
with care when predicting CDAD outcome. Haemoglobin and
presence of renal disease showed no significant correlation with
mortality and therefore appear to play no role in prediction of
outcome.

As a number of the highlighted risk factors potentially
influence one another, such as renal disease and haemoglobin,
logistic regression analysis of mortality was performed to
determine the independence of each risk factor. Only, albumin
reached statistical significance using this method, although WBC
achieved borderline significance. Most research investigating
CDAD severity predictors have traditionally not compared
univariate with multivariate analysis to eliminate confounding
factors, with one systematic review identifying significant
heterogeneity between studies [33]. These results confirm the
importance of albumin and white cell count in any risk
prediction model and support the findings of Miller et al. [20]
who performed regression calculations on six parameters and
again found WBC and albumin to be positive predictors of
mortality. The use of small studies, poorly recorded data and
reliance on univariate analysis has been criticised by systematic
review, as a potential cause for heterogeneity in risk factors for
mortality in CDAD [23]. The data presented further clarifies the
need for larger scale prospective multivariate analysis in defining
a clinically relevant scoring system for severity in CDAD.

Length of infection from initial diagnosis was influenced by
both increased age and a higher white cell count. Low
haemoglobin and the presence of renal disease showed a
tendency towards increased duration of admission although not
to statistical significance whilst albumin appeared to play no
role. This may in part be explained by albumin being a significant
predictor of early mortality thus shortening average in-patient
stay. Previous research has suggested that medical co-morbidity
as much as disease process results in a longer duration of
admission and therefore increased healthcare cost [34].
however we were not able to show any correlation between the
Charlson Index and LOI..
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Certain studies have set cut-off values when assessing
markers for high risk CDAD, for example “WBC >15x10/I”, or
“serum albumin <25 g/I” [28]. Furthermore, the ATLAS score
uses degree of leucocytosis and hypoalbuminaemia to define
points in a CDAD severity scoring system. The authors recognise
the importance of defining values in order to assess CDAD
severity however to infer these cut-offs through retrospective
analysis of data would introduce methodological bias. The
authors would suggest cut-offs be defined in further prospective
analyses, in order to facilitate risk stratification into mild,
intermediate and fulminant CDAD.

A common problem encountered when assessing risk factors
for mortality due to CDAD is the difficulty in formally attributing
death to the infective process rather than to an ongoing co-
morbidity. By utilising the 30-day all-cause mortality rate, we
have ensured a degree of standardisation with at least
seventeen other papers identified in a previous systematic
review analysing CDAD risk factors. By applying a set 30-day cut-
off, we were able to concentrate on the infective period whilst
minimising the effect of long-term, chronic co-morbidities.

Another difficulty encountered was the accurate
documentation of co-morbidity. The Charlson Index was chosen,
again to ensure a degree of standardisation with previously
published studies, however the Index is a measure of chronic
disease rather than an assessment of acute physiology. Although
there was a trend towards mortality with a raised Charlson Index
during the t testing (p=0.16), the linear regression analysis
(p=0.42) suggests that the majority of any positive predictive
value was due to the age of the patient, which is used in
calculating the index, rather than the degree of comorbidity.

Other measures of co-morbidity have been utilised in
previous studies. One such study assessing the mortality rate of
CDAD infection within the intensive care setting [35]
demonstrated a mortality rate of over 35%, and found that,
particularly in fulminant cases, mortality was closely linked to
the degree of co-morbidity as defined by the APACHE scoring
system [36]. It has not yet been demonstrated whether these
findings can be transferred to less severe cases.

A recently proposed index, the ATLAS scoring system [20] lists
five variables (age, antibiotic treatment, white cell count,
albumin and renal function) as predictors of CDAD mortality.
Whilst high correlation between the score and treatment
outcome was noted, the authors note that the patient
population may not be representative of CDAD infection as a
whole as inclusion criteria barred all severe and fulminant cases
from the study. Although our data is supportive of the criteria
used in the ATLAS scoring system it does not seek to validate the
specific values used in the score.

The cost of CDAD is difficult to evaluate as it comprises many
factors. A study from the US3; estimated an additional inpatient
stay of 3.6 days resulted in a 50% or $3500 increase in costs
whilst a UK study 38 suggested an extra cost of £4000 per
infection. In each of these studies the calculated extra cost
resulted from prolonged hospital stay with other consequences,
such as possible ward closure, loss of bed days, or infection
control measures not generally taken into account. Therefore
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the true cost of CDAD infection is likely to be significantly
underestimated.

Conclusion

The aim of this study was to validate the positive predictors
for mortality and increased length of infection for Clostridium
Difficile. Our results demonstrated older age, higher WBC, higher
serum creatinine and lower serum albumin to be useful
predictors of CDAD whilst haemoglobin, and degree of co-
morbidity were shown to be non-predictive markers.

Our data strongly support the findings of a previous
systematic review [23] which are, however, contradictory to
many of the currently proposed systems including the guidance
laid out by Public Health England [19,23,25]. We are therefore
critical of many CDAD risk prediction models, which use
parameters such as haemoglobin, renal disease and comorbidity
scores, whilst often ignoring factors such as patient age, WBC,
creatinine or albumin [23,35-38]. Furthermore, we would
recommend caution regarding the current guidance by Public
Health England for the risk stratification of patients, which
includes abdominal signs and tenderness but excludes albumin
and patient age. This study adds a degree of insight into the
factors affecting length of admission from diagnosis, which is, as
yet, an understudied area of CDAD.

It is anticipated that these results can help direct the medical
community towards a consensus regarding a CDAD risk
prediction model, which has until now been difficult to
formulate. By using reduced albumin, high creatinine, old age
and high WBC as risk markers for mortality, physicians can be
guided towards the appropriate allocation of resources in CDAD
patient care.
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