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Summary

AIMS OF THE STUDY: Clostridioides difficile infection
(CDI) is associated with high morbidity, recurrence rates
and mortality. We assessed the local epidemiology, treat-
ment outcomes and risk factors for recurrence and mortal-
ity.

METHODS: This was a retrospective study of all adult
CDI episodes treated in our tertiary care hospital between
2014 and 2016. Patients were followed up for 60 days,
with recurrence and death as endpoints. Antibiotic treat-
ment as well as epidemiological, clinical and laboratory
parameters were studied using logistic regression analy-
sis. Risk factors for recurrent CDI (age >70 years, haema-
tological malignancy, chronic kidney disease, severe in-
fection, continued antibiotics other than for CDI, proton
pump inhibitor / antacid use) and indicators of severe CDI
(temperature ≥38.5°C, leucocytes >15 × 109/l, creatinine
increase ≥1.5 × baseline, albumin <25 g/l) were analysed.
We considered episodes with ≥2 indicators as severe.

RESULTS: We identified 210 CDI episodes (66 severe) in
191 patients with a median age of 71 years (interquartile
range 59–79). Hypervirulent ribotype 027/NAP1/BI ac-
counted for four episodes (2%). Overall, 176, 30 and 4 pa-
tients, respectively, received a first, second and third treat-
ment. Metronidazole was used in 94% of the first episodes
and in 73% and 50% of the first and second recurrences,
respectively. The recurrence rate after the first metronida-
zole treatment was 20%. Recurrence rates were higher
when ≥2 risk factors were present (25 vs 10%, p = 0.03).
The 60-day mortality was 17% (4% attributable to CDI)
and increased with the presence of ≥2 indicators of severe
CDI.

CONCLUSIONS: The high 60-day mortality suggests that
CDI is a strong indicator of frailty. Metronidazole was as-
sociated with low recurrence rates at minimal costs in
patients with uncomplicated CDI, but had relevant short-
comings in patients with severe CDI and/or a high risk
of recurrence, suggesting that these vulnerable patients

might better be treated with oral vancomycin and fidax-
omicin, according to the latest guidelines.

Keywords: Clostridioides difficile, treatment, metronida-
zole, outcome, recurrence

Introduction

With an average incidence of 4.1 infections/10,000 hos-
pitalisation days, Clostridioides difficile infections (CDIs)
have become the leading cause of infectious diarrhoea in
patients hospitalised in high-income countries [1–3]. The
clinical presentation ranges from mild diarrhoea to life-
threatening pseudomembranous colitis and severe sepsis
[4], with attributable mortality rates of up to 9.3% [4, 5].
CDI is complicated by high recurrence rates of 15–41%
[6–9], which may increase even further with every new
episode [4].

For almost three decades metronidazole has been consid-
ered the treatment of choice, but recent publications and
international guidelines have increasingly favoured other
treatment regimens [10, 11]. Vancomycin was shown to
outperform metronidazole particularly in severe and com-
plicated CDI, and fidaxomicin showed significantly lower
recurrence rates than both metronidazole and vancomycin
[10]. In a retrospective analysis, Patel et al. showed an in-
crease in recurrence and mortality rates if CDI was under-
treated relative to Infectious Diseases Society of America
(IDSA) 2010 guidelines [12], which required the replace-
ment of metronidazole by a more potent drug according
to disease severity and risk factors for recurrence [12].
The 2017 IDSA guidelines suggest vancomycin or fidax-
omicin, with preference for tapered vancomycin or fidax-
omicin for recurrent infections. Metronidazole was mostly
abandoned [13]. Despite such evidence metronidazole is
still broadly considered the treatment of choice for CDI in
Switzerland and in many parts of the world.

We hypothesised that – lacking local epidemiological data
and standardised follow-up after hospital discharge – we
might underestimate morbidity and mortality of recurrent
CDI in our setting, thereby overestimating the cure rate of
metronidazole. The aim of our study therefore was to de-
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scribe CDI epidemiology, recurrence and mortality rates,
and risk factors, as well as treatment decisions and cure
rates in our hospital. Based on local data and international
guidelines, our local CDI management should be revised.

Materials and methods

We included all adult in- and outpatients treated for CDI
between January 2014 and December 2016 at the Kanton-
sspital Aarau, a Swiss tertiary care hospital taking care of
27,000 hospitalised patients (140,000 patient days) every
year. Data were collected prospectively for quality control
in hospital epidemiology; therefore, no formal informed
consent was required.

CDI was diagnosed in symptomatic patients with a two-
step detection algorithm, as advocated by the European
Society of Clinical Microbiology and Infectious Diseases
(ESCMID) diagnostic guidelines [14]. If specific gluta-
mate dehydrogenase was detected in stool samples a poly-
merase chain-reaction test for toxigenic C. difficile (Gen-
eXpert C. difficile, Cepheid CA/USA) was conducted in
the same sample. This kit also allowed ribotype 027/
NAP1/BI to be identified.

Treatment regimen, dosing and duration were at the discre-
tion of the treating physicians. Metronidazole was usually
given orally as 500 mg three times daily, vancomycin as
125 mg orally four times daily and fidaxomicin as 200 mg
orally twice daily for 10 days each. Patients whose symp-
toms resolved spontaneously or within one dose of treat-
ment were excluded, as toxin detection in these patients
merely indicated colonisation, and the diarrhoea likely had
a different cause. Relapse of diarrhoea within 7 days after
treatment stop was defined as nonresponse (see table 1 for
definitions) and immediate treatment reuptake was consid-
ered as one treatment course if the same treatment was re-
sumed. The cumulative length of a treatment consisted of
both the initial treatment and a potential reuptake. As a re-
sult, the cumulative length of treatment could be longer
than a standard 10 days for either oral metronidazole or
vancomycin. Recurrence was defined as a new episode of
CDI requiring treatment any time after 7 days but within
60 days of treatment stop, the most widely accepted times-
pan for the epidemiological definition of CDI recurrence
as proposed in 2007 by McDonald et al. [15]. Every case

was followed up by means of chart review and telephone
interviews with patients or relatives and their primary care
providers between 60 and 120 days after the last docu-
mented treatment had been finished. Details on treatment
regimen and length were collected from chart reviews and
telephone interviews; adherence was only documented as
long as patients were hospitalised (mean length of stay
22.7 days; median 15 (interquartile range [IQR] 8–29).

The primary endpoints were recurrence of CDI and death.
Epidemiological, clinical and laboratory data were as-
sessed for eight risk factors for CDI recurrence described
in the literature (table 1) [7, 10, 15, 16]: older age (di-
chotomised as age above 70 years), severe comorbidities,
chronic renal failure (chronic kidney disease stage ≥4, i.e.,
estimated glomerular filtration rate below 30 ml/min/
1.73m2), severe CDI, continued antibiotics other than for
CDI, use of proton pump inhibitors (any dosage) or other
antacids, history of CDI recurrence and presence of high
risk strain types (e.g., 027/NAP1/BI). Severity of the first
CDI episode was estimated as the cumulative presence of
clinical parameters and biomarkers identified as indicators
for a severe course of the disease and mortality by ma-
jor guidelines [16] and reviews [7]: In addition to the two
parameters used in the latest IDSA guidelines [10, 16] –
marked leucocytosis >15 × 109/l and acute kidney failure
(increase in serum creatinine ≥1.5 times baseline) – we in-
cluded two parameters suggested by the ESCMID guide-
lines [10] – fever ≥38.5°C and serum albumin <25 g/l (as a
negative acute phase protein and marker for eventual vas-
cular leakage and prolonged malnutrition) (table 1). Reli-
able data on peritonism and ileus were lacking and there-
fore were not analysed.

Associations with CDI recurrence were assessed by uni-
variate logistic regression analysis providing odds ratios
(ORs) and 95% confidence intervals (CIs). Because of the
limited number of endpoints reached, we did not perform
multivariate logistic regression analyses in our data, but se-
lected risk factors for recurrence and indicators for sever-
ity to be included in a summation score from the litera-
ture. Individual risk factors for recurrence were assessed
for their predictive potential comparing stratified Kaplan-
Meier curves of time to recurrence. As numbers were too
small, we did not apply statistical tests for significance

Table 1: Definitions. Risk factors for recurrence and indicators for severe Clostridioides difficile infection (CDI) included in this analysis are shown in bold.

Nonresponse Relapse of diarrhoea within 7 days after treatment stop resulting in re-start. This was not considered a recurrence

Recurrence Relapse of diarrhoea 7–60 days after treatment stop

Risk factors for recurrence
(adapted from the literature)

Advanced age (>70 years in our analysis)
Severe comorbidity (haematological malignancy in our analysis)
Chronic kidney disease stage ≥4
Severe CDI
Continued antibiotics other than for CDI
Proton pump inhibitor / antacid treatment
History of CDI recurrence (not applicable for analysis of first episode)
Presence of high risk strains, e.g. 027/NAP1/BI (omitted because of low numbers)

Severity

Indicators of severity
(adapted from the literature)

Fever ≥38.5°C
Peritonism (omitted for lack of documentation)
White blood cell count >15 × 109/l
Serum creatinine increase ≥1.5 times baseline
Low serum albumin (<25 g/l in our analysis)

Mild/moderate CDI 0–1 indicators for severe CDI

Severe CDI ≥2 indicators for severe CDI

Complicated CDI Severe CDI plus ileus or severe sepsis or serum lactate >5mmol/l

Mortality Death within 60 days of CDI onset
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for individual risk factors. Finally, the summation score
adding one point for each of these risk factors was tested
for its predictive value, again using Kaplan-Meier curves
and chi-square tests for different threshold values. In the
same manner, the indicators for severity of CDI mentioned
above were analysed for their individual predictive poten-
tial for mortality before selecting an optimal cut off value
of the summarised score (1 point for each parameter). Time
to death was analysed by Kaplan-Meier statistics, strati-
fied by indicators for severe disease and by cause of death.
All calculations were performed using Stata 15.1 (Stata-
Corp, College Station, Texas). All testing was two-sided
and p<0.05 was considered to indicate statistical signifi-
cance.

Results

In the three years between 2014 and 2016 we identified
210 CDI episodes in 191 hospitalised patients, equalling
4.7 infections/10,000 hospital days. Twelve patients in pal-
liative care who were not treated, and three patients with
spontaneous clearance of diarrhoea after a single dose of
antibiotics who were considered asymptomatic colonisers
were excluded from further analysis. Thus, we analysed
176 patients treated for a first CDI episode. The hypervir-
ulent ribotype 027/NAP1/BI accounted for four episodes
(2%). Patients were 50% male with a median age of 71
years (IQR 59–79).

CDI recurrence
The overall recurrence rate after treatment of the first
episode (n = 176) was 20% (35 cases), after the first recur-
rence (n = 30) 13% (4 cases) and after the second recur-
rence (n = 4) 25% (1 case).

Recurrences mostly occurred during the second week after
treatment was stopped, but continued throughout the ob-
servation period (fig. 1A). Patient characteristics of the 35
patients with and the 141 without recurrence are shown
in table 2. In univariate logistic regression analysis, recur-
rence was associated with age above 70 years (OR 2.3,
95% CI 1.1–5.0), haematological neoplasia (OR 3.2, 95%
CI 1.2–8.5), and proton pump inhibitor use (OR 2.2, 95%

CI 1.0–4.6). Given that no other comorbidity or immun-
odeficiency state showed a significant association with re-
currence, we included haematological neoplasia in further
analyses.

Continuing antibiotic treatment other than for CDI, chronic
kidney disease or hypoalbuminaemia did not cause sig-
nificant differences. In univariate analysis, hospitalisation
in the previous 3 months showed a trend for higher re-
currence and inflammatory bowel disease for lower recur-
rence. Recurrence rates correlated with a summation score
of 6 established risk factors for recurrence: whereas up
to one risk factor was associated with a 10% recurrence
rate, two or more risk factors resulted in a 25% recurrence
rate (p = 0.03; fig. 1B). This threshold had a sensitivity of
22% (95% CI 15–30), specificity of 89% (79–96), posi-
tive predictive value of 81% (64–92) and negative predic-
tive value 36% (28–44) for CDI recurrence. Based on these
clinical data we selected ≥2 risk factors as the cut-off to
define an increased risk of recurrence. Kaplan-Meier plots
for the individual risk factors are shown in figures 2A–F.
All risk factors except for severe disease increased recur-
rences, with the smallest effect for continued antibiotics.

CDI severity
The 60-day mortality of all 191 patients was 17% (33 pa-
tients, including 12 untreated patients in palliative care),
with 4% (8 patients, 24% of total mortality) attributable to
CDI (fig. 3A). Among the latter, seven were treated with
metronidazole and one with fidaxomicin. In a summation
score of four indicators of severe CDI, mortality was 13%
with 0–1 indicator, but 24% with 2 or more indicators (p
= 0.06; fig. 3B). The latter showed a sensitivity of 24%
(95% CI 14–35), specificity of 86% (79–92), positive pre-
dictive value 47% (30–65) and negative predictive value
68% (61–75) for 60-day mortality. Based on these clinical
data, we defined an episode with at least two indicators of
severity as severe.

CDI treatment
The outcome according to CDI treatment is collected in
table 3. We analysed 176 first episodes (34% severe), 30
first recurrences (23% severe) and 4 second recurrences

Figure 1: A: Kaplan-Meier curve showing Clostridioides difficile infection recurrence within 60 days after treatment. B: Recurrence by number
of risk factors.
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(0% severe). Most patients were treated with metronida-
zole: it was used for 190/210 treatments overall (90%), in-
cluding 94% of first episodes, and 73% and 50% of first
and second recurrences, respectively. Nonresponse with an
immediate re-start of metronidazole was observed in 14/
179 patients (8%, all initially treated with metronidazole),
including 5/58 patients (9%) with severe and 9/121 (7%)
with mild/moderate disease (p = 0.78). Vancomycin was
used 9 times (4%), mainly in the first episode, fidaxomicin

11 times (5%), mainly for first and second recurrences. The
recurrence rate with metronidazole for a first episode was
20% and significantly higher with at least two risk fac-
tors for recurrence (26 vs 9%). Metronidazole treatment of
the first and second recurrence failed in 14% (17% for ≥2
risk factors for recurrence vs 0%) and 50% (all exhibit-
ing ≥2 risk factors for recurrence), respectively. None of
9 patients treated with vancomycin showed a recurrence.
Recurrence rates after fidaxomicin were 50% (1/2) for the

Table 2: Characteristics of patients with and without recurrent Clostridioides difficile infection (CDI). Odds ratios with 95% confidence intervals for recurrence of CDI by univari-
ate logistic regression analysis.

Without recurrence
n = 141 (80%)

With recurrence
n = 35 (20%)

Odds ratio (95% CI)
(univariate)

p-value

Age >70 years, n (%) 64 (45%) 23 (66%) 2.31 (1.06 - 4.99) 0.03

Male sex, n (%) 70 (50%) 18 (51%) 1.07 (0.51–2.25) 0.85

Antibiotic treatment <30 days before, n (%) 106 (75%) 26 (74%) 0.95 (0.41–2.23) 0.91

Antibiotics other than for CDI during treatment, n (%) 68 (48%) 20 (57%) 1.43 (0.68–3.02) 0.35

Inflammatory bowel disease, n (%) 37 (26%) 4 (11%) 0.36 (0.12–1.10) 0.07

Hospital stay <90 days before, n (%) 72 (51%) 24 (69%) 2.09 (0.95–4.59) 0.07

ICU <30 days before, n (%) 34 (24%) 9 (26%) 1.09 (0.47–2.55) 0.84

Chronic infection, n (%) 36 (26%) 12 (34%) 1.52 (0.69–3.37) 0.30

Solid tumour, n (%) 31 (22%) 6 (17%) 0.73 (0.28–1.93) 0.53

Haematological malignancy / leukaemia, n (%) 12 (9%) 8 (23%) 3.19 (1.19–8.54) 0.02

Neutropenia <1000 cells/mm3, n (%) 7 (5%) 1 (3%) 0.56 (0.07–4.73) 0.60

Solid organ transplantation, n (%) 13 (9%) 6 (17%) 2.04 (0.71–5.81) 0.18

Prednisone equivalent >20 mg/d, n (%) 19 (13%) 4 (11%) 0.83 (0.26–2.61) 0.75

Proton pump inhibitors / antacids, n (%) 54 (38%) 20 (57%) 2.15 (1.01–4.55) 0.05

Diabetes, n (%) 36 (26%) 7 (20%) 0.73 (0.29–1.81) 0.50

Chronic kidney disease, GFR < 30 ml/min, n (%) 15 (11%) 7 (20%) 2.10 (0.78–5.63) 0.14

Haemodialysis, n (%) 3 (2%) 2 (6%) 2.79 (0.45–17.36) 0.27

Serum albumin nadir < 25g/l, n (%)* 44 (46%) 11 (50%) 1.18 (0.47–2.99) 0.72

Ribotype 027/NAP1/BI, n (%) 3 (2%) 1 (3%) 1.35 (0.14–13.41) 0.80

CI = confidence interval; GFR = glomerular filtration rate; ICU = intensive care unit * Serum albumin available in 118 patients only.

Figure 2: Kaplan-Meier curves showing Clostridioides difficile infection (CDI) recurrence after first episode according to risk factors (shown
with the dashed line) of recurrence. A: age >70 years; B: haematological malignancy / leukaemia; C: severe first episode; D: chronic renal fail-
ure CKD ≥4; E: continued antibiotic treatment other than for CDI; F: proton pump inhibitor (PPI) or antacid therapy.
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first episode, 14% (1/7) for the first and 0% (0/2) for the
second recurrence (numbers too small for statistical com-
parisons). Severe CDI showed higher mortality but was not
associated with higher recurrence rates in any treatment
group.

Discussion

Our data confirmed CDI to be a serious infection with a re-
currence rate of 20% and a 60-day mortality of 17%. CDI
seemed to predominantly affect frail and polymorbid pa-
tients, as only one quarter of the observed mortality was
attributable to this infection. The observation reported in
the literature that recurrent CDI increased mortality with
an adjusted hazard ratio of 1.33 [5] provides a strong ratio-
nale for the critical need of a successful first treatment in
this highly vulnerable population. Therefore, newer treat-
ment guidelines have progressively included risk-stratified
treatment options, with a choice between metronidazole,
vancomycin and fidaxomicin based upon the risk of CDI
recurrence and severity.

CDI recurrence
At 20%, recurrence after the first treatment was frequent
in our patients, even though hypervirulent strains were not
endemic. A broad range of recurrence rates of between
15% and 41% has been described [6–9], with a reduction
in treatment success with every episode [6]. Consistently,
the recurrence rate after the second recurrence was 25% in
our patients, though numbers were small. The lower recur-
rence rate after the first recurrence (13 vs 20% after the
first episode) might be due to more aggressive treatment,
as vancomycin or fidaxomicin were used more often (in
27% as compared with 6% of episodes).

Most guidelines, – including the ones of the Society for
Healthcare Epidemiology of America (SHEA)/IDSA [17],
the American Society of Gastroenterology (ACG) [18], the
Australien Society of Infectious Disesases (ASID) [19] and
the ESCMID [10], meta-analyses [7, 20] and systematic
reviews [9] have enumerated risk factors for recurrence.
In our data, recurrence significantly correlated with age
above 70 years, haematological neoplasia and proton pump
inhibitor use, whereas chronic kidney disease, prior hospi-
talisation and solid organ transplantation probably doubled
the risk of recurrence without reaching statistical signifi-
cance in our small sample (table 2). In accordance with our

Figure 3: A: Kaplan-Meier curve showing all cause 60-days-mortality (solid), mortality attributable to Clostridioides difficile infections (CDI,
dashed) and mortality related to other causes (dotted). B: Overall mortality by number of indicators for severe CDI (temperature ≥38.5°C, leu-
cocytes >15 × 109/l, creatinine increase ≥1.5 times baseline, albumin <25 g/l).

Table 3: Outcome according to Clostridioides difficile infection treatment by episode/recurrence, risk factors for recurrence and severity of disease.

Treatment Recurrences /
patients treat-

ed

First episode First recurrence Second recurrence

Mild Severe* All Mild Severe* All Mild Severe* All

26/117 (22%) 9/59 (15%) 35/176 (20%) 4/23 (17%) 0/7 (0%) 4/30 (13%) 1/4 (25%) – 1/4 (25%)

Metronidazole Total 25/110 (23%) 9/56 (16%) 34/166 (20%) 3/17 (18%) 0/5 (20%) 3/22 (14%) 1/2 (50%) – 1/2 (50%)

0–1 RF 5/53 (9%) 0/3 (0%) 5/56 (9%) 0/4 (0%) – 0/4 (0%) – – –

≥2 RF 20/57 (35%) 9/53 (17%) 29/110 (26%) 3/13 (23%) 0/5 (0%) 3/18 (17%) 1/2 (50%) – 1/2 (50%)

Vancomycin Total 0/5 (0%) 0/3 (0%) 0/8 (0%) 0/1 (0%) – 0/1 (0%) – –

0–1 RF 0/2 (0%) – 0/2 (0%) 0/1 (0%) – 0/1 (0%) – –

≥2 RF 0/3 (0%) 0/3 (0%)† 0/6 (0%) – – – – – –

Fidaxomicin Total 1/2 (50%) – 1/2 (50%) 1/5 (2%0) 0/2 (0%) 1/7 (14%) 0/2 (0%) – 0/2 (0%)

0–1 RF 1/2 (50%) – 1/2 (50%) 0/2 (0%) – 0/2 (0%) – –

≥2 RF – – – 1/3 (33%) 0/2 (0%) 1/5 (20%) 0/2 (0%) – 0/2 (0%)

RF = risk factor * Severe: ≥2 indicators for severity; † one patient in this group was cured with vancomycin followed by faecal microbiota transplantation. 12 patients in palliative
care and 3 patients with resolution of symptoms after the first dose of metronidazole (i.e., spontaneous resolution) were excluded from this analysis.

Original article Swiss Med Wkly. 2020;150:w20173

Swiss Medical Weekly · PDF of the online version · www.smw.ch

Published under the copyright license “Attribution – Non-Commercial – No Derivatives 4.0”.
No commercial reuse without permission. See http://emh.ch/en/services/permissions.html.

Page 5 of 9



data, haematological neoplasia was identified as a risk fac-
tor by Scappaticci et al. [8]. The strong association of prior
proton pump inhibitor use with recurrence in our study is
remarkable, as previous reports have provided conflicting
data on this association [9, 21–24]. In contrast to the lit-
erature, we did not show an increase in recurrences when
non-CDI antibiotics were continued. Still, there is a good
rationale for considering this as a risk factor. In contrast to
previous publications, severe CDI was not associated with
recurrence in our data. This effect, however, may be under-
estimated because of censoring by mortality or may have
been missed because of the small sample size.

All guidelines provide lists of risk factors for recurrence,
but none has correlated their cumulative number with out-
come. As some guidelines suggest different treatment reg-
imens for patients with and without a relevant risk of re-
currence, discriminatory cut-offs have become mandatory
for clinical decision making. Such data currently are lack-
ing with the exception of a recent study by Gerding et al.
describing higher recurrence rates in patients with 2 vs 1
risk factors for recurrence [25]. In our patients, the recur-
rence rate was low (11%) with no more than one risk fac-
tor, whereas two or more risk factors more than doubled
the recurrence rate (fig. 1B).

CDI severity
In all guidelines, the laboratory definition of severe CDI
included marked leucocytosis with a white blood cell count
above 15 × 109/l or a more than 50% increase in serum
creatinine and severe abdominal symptoms (peritonism or
ileus). Many [10, 18, 19, 26], but not all [17], guidelines al-
so included hypoalbuminemia (below 25 or 30 g/l) and el-
evated serum lactate and fever above 38.5°C. Similarly to
the Australian guidelines [19], we defined severe CDI by
the presence of at least two indicators of severity including
the above-mentioned laboratory parameters except for lac-
tate (because of incomplete data).

A cut-off ≥1 indicator would have classified two thirds of
our episodes as severe, whereas the cut-off ≥2 classified
one third as severe. This seemed clinically reasonable as up
to one indicator correlated with an already relevant mor-
tality of 13%, whereas all-cause mortality almost doubled
with ≥2 indicators (fig. 3B). Again, validations of severi-
ty cut-offs are lacking in published literature, with the ex-
ception of a rarely used severity score proposed by Zar
et al. in 2007, without correlating it with mortality [13,
26]. The score included age above 60 years, temperature
above 38.3°C, hypoalbuminaemia below 25 mg/l, leucocy-
tosis above 15 × 109/l in the first 48 hours of enrolment, as
well as endoscopic evidence of pseudomembranous colitis
or treatment in the intensive care unit.

Metronidazole versus vancomycin
Several guidelines have stratified their treatment sugges-
tions by CDI severity. According to older guidelines issued
between 2010 and 2013 [17, 18], such as the IDSA/SHEA
or ACG guidelines, mild-moderate first episodes should be
treated with metronidazole and severe episodes with oral
vancomycin, irrespective of recurrence risk. Patel et al.
[12] demonstrated that the 20% of patients under-treated
according to these guidelines faced an increased mortality

of 44% vs. 11% with an attributable mortality of 22% and
9%, respectively.

In contradiction to these guidelines, we treated only 3/59
(5%) severe and 5/117 (4%) mild/moderate first episodes
with vancomycin. Remarkably, CDI severity did not pre-
dict recurrence after metronidazole treatment in our pa-
tients, whereas presence of at least two risk factors for re-
currence strongly did so (25 vs 10%). This contrasts with
several meta-analyses, which consistently demonstrated
superiority of vancomycin over metronidazole for severe
infections [8, 27–30]. Vancomycin superiority in these
publications, however, depended on an improved initial re-
sponse rather than recurrence prevention. In our patients, a
possible inferiority of metronidazole as the first treatment
might have been overcome by the prolonged metronida-
zole treatment of the 14/176 (8%) nonresponders, miti-
gating a potential superiority of vancomycin. The absence
of recurrence in any of our 9 patients treated with van-
comycin as opposed to 38 recurrences in 190 patients
(20%) receiving metronidazole is even more remarkable
as only patients with the highest risk for recurrence were
treated with vancomycin in our clinic. However, the small
number of vancomycin-treated patients and the nonran-
domised setting limit this interpretation.

In addition to CDI severity, newer guidelines published be-
tween 2014 and 2018 have suggested stratifying treatment
according to the risk of CDI recurrence. The ESCMID,
WSES and a recent German recommendation statement
[10, 31, 32] suggested using vancomycin or fidaxomicin
instead of metronidazole for patients with an increased risk
of recurrence. ASID suggested vancomycin for the first
recurrence and vancomycin tapering or fidaxomicin after
multiple recurrences, yet without considering risk factors
for recurrence in the first episode [19]. In our cohort, van-
comycin was used for the first CDI episode in only 6/118
(5%) patients with ≥2 risk factors for recurrence, and no
patient received fidaxomicin. Because of the expected ben-
efit with vancomycin or fidaxomicin reported in the litera-
ture, treatment strategies for patients at high risk for recur-
rence need to be adjusted in our clinic.

Limitations and strengths
The main limitation of our study is the overall low number
of patients, particularly on non-metronidazole treatment
regimens. The low number of cases and recurrence events
limited the degrees of freedom in an extent that we ab-
stained from performing multivariate regression analyses.
Also, incomplete clinical (peritonism) and laboratory data
(serum albumin, lactate) did not allow a correlation of all
established risk factors with outcome.

Despite the relatively small dataset, our results confirmed
the findings reported in the literature, except for the asso-
ciation of severe disease with recurrence. Our patients with
a severe first CDI episode were as likely to suffer from
recurrence as those with mild episodes (16 vs 22%; p =
0.32). Besides the limited power of our dataset, this dis-
crepancy might be related to inconsistent epidemiological
definitions of “severe” CDI as well as bias from compet-
ing risk by mortality: patients who died during the obser-
vation period showed a trend to having a recurrence more
often than those who would survive (33 vs 18%; p = 0.097,
those patients left untreated for palliative reasons exclud-
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ed). Because of the high mortality associated with severe
episodes, we included severity of CDI as an indication for
more efficient treatment in our new treatment algorithm
(see below).

Strengths of the study include the comprehensive workup
of disease severity and recurrence with a vigorous follow-
up, through contact with both patients and treating physi-
cians. We provide the largest clinical dataset for Switzer-
land so far and were able to confirm the observations of
international publications in our setting. In addition, our
data is among the first to correlate the number of risk fac-
tors for recurrence and indicators of severity with outcome.

New treatment algorithm
The 2017 update of the IDSA/SHEA guidelines preferred
vancomycin and fidaxomicin to metronidazole for any CDI
[17]. For recurrences after vancomycin treatment, van-
comycin tapering or fidaxomicin was suggested. Consider-
ing not only these latest guidelines, but also the high cure
rate of metronidazole in our patients without risk factors
for recurrence, we defined a new treatment algorithm for
our hospital (fig. 4): metronidazole is used only to treat
the first and second episode of non-severe CDI with 0–1
risk factors for recurrence. Otherwise, vancomycin or fi-
daxomicin in an extended pulsed regimen, as evaluated
by Guery et al. [33], are recommended. Oral vancomycin
is proposed without tapering, as recent evidence did not
show a difference in recurrence rate [34]. Patients with
complicated CDI should receive combined treatment with
metronidazole and vancomycin, following the 2017 IDSA
update [16]. As severe CDI represents a risk factor for
recurrence, and morbidity and mortality might be even
higher in a subsequent episode, we propose fidaxomicin
in an extended pulsed regimen over 20 days as a follow-

up treatment. Clearly, this algorithm needs to be validated
prospectively in clinical routine.

If this algorithm were applied to our patients, 64/210
(30%) CDIs would have qualified for metronidazole as pri-
mary treatment, 119/210 (57%) for vancomycin and 27/
210 (13%) for fidaxomicin, and this would have resulted
in a mean increase of treatment costs by CHF 267 (≈USD)
per episode (data not shown). This increase has to be
weighed against the additional costs caused by each recur-
rence, estimated to account for USD 13,000–18,000 [35]
and likewise a possible reduction in mortality. When these
consequences are considered, fidaxomicin has proven cost
effective compared with vancomycin and metronidazole in
most pharmacoeconomic analyses [36, 37].

Conclusion

A high 60-day mortality suggests CDI to be a strong indi-
cator for frailty; this infection therefore calls for effective
treatment strategies. In our cohort, metronidazole was as-
sociated with low recurrence at minimal costs in patients
with uncomplicated CDI but had relevant shortcomings in
risk groups. Readily available clinical and laboratory para-
meters allow patients with a high risk for recurrence and
with severe disease and therefore high mortality to be iden-
tified. Because of the superiority of oral vancomycin and
fidaxomicin in the literature, which is mirrored in recent
guidelines, a risk-guided treatment concept for CDI should
be considered.

Parts of these data were presented at the Annual SSI Meet-
ing 2017 and at ECCMID 2018.

Figure 4: In-house treatment algorithm for Clostridioides difficile infections according to number of episode/recurrence, risk factors for recur-
rence and severity of disease. 1CDI = Clostridioides difficile infection. 2RF = risk factors for recurrence: age >70 years, severe comorbidity /
haematological malignancy, chronic kidney disease stage ≥4, severe CDI, continued antibiotics other than for CDI, proton pump inhibitor use.
3Occurring within a follow-up of 60 days. 4Defined by ≥2 indicators for severe CDI: temperature ≥38.5°C, peritonism, leucocytes >15 × 109/l,
creatinine increase ≥1.5 times baseline, albumin <25 g/l. 5Complicated (also fulminant): severe CDI PLUS ileus and/or severe sepsis and/or
lactate >5 mmol/l. 6In cases of (sub)ileus. 7For recurrence after tapered fidaxomicin therapy or after complicated disease consider bezlotoxum-
ab or faecal microbiota transplantation in outpatient setting.
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