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Abstract
The aim of this study was to compare clinical cure rate, recurrence rate and time to resolution of diarrhea in patients with severe
and severe-complicated Clostridium difficile infection (CDI) treated with teicoplanin or vancomycin. This two-year prospective
observational study included patients with first episode or first recurrence of CDI who had severe or severe-complicated CDI and
were treated with teicoplanin or vancomycin. Primary outcomes of interest were clinical cure rate at discharge and recurrence rate
after eight weeks follow up, and secondary outcomes were all-cause mortality and time to resolution of diarrhea. Among 287
study patients, 107 were treated with teicoplanin and 180 with vancomycin. The mean age of patients was 73.5 ± 10.6 years. One
hundred eighty six patients (64.8%) had prior CDI episode. Severe complicated disease was detected in 23/107 (21.5%) and 42/
180 (23.3%) patients treated with teicoplanin and vancomycin, respectively. There was no statistically significant difference in
time to resolution of diarrhea between two treatment arms (6.0 ± 3.4 vs 6.2 ± 3.1 days, p = 0.672). Treatment with teicoplanin
resulted in significantly higher clinical cure rate compared to vancomycin [90.7% vs 79.4%, p = 0.013, odds ratio (OR) (95%
confidence interval (CI)) 2.51 (1.19–5.28)]. Recurrence rates were significantly lower in patients treated with teicoplanin [9/97
(9.3%) vs 49/143 (34.3%), p < 0.001, OR (95%CI) 0.20 (0.09–0.42)]. There was no statistically significant difference in overall
mortality rate. Teicoplanin might be a good treatment option for patients with severe CDI. Patients treated with teicoplanin
experienced remarkably lower recurrence rates compared to vancomycin-treated patients.

Introduction

Severe Clostridium difficile infection (CDI) is an important
cause of mortality and morbidity in hospitalized patients, es-
pecially among elderly and those with multiple comorbidities

[1, 2]. High recurrence rates following standard therapy are
one of the major issues in the CDI management. Recurrent
disease is not only an economic healthcare burden, but it also
interferes with patients’ recovery from the disease preceding
CDI, affects the quality of life and increases the risk of other
hospital-acquired infections, CDI-related complications and
unfavorable outcome [3]. In addition, after discharge, patients
with recurrent disease become the reservoir for C. difficile
spread outside hospital settings, even after successful treat-
ment [3]. Although the introduction of fidaxomicin has led
to lower recurrence rates in comparison to vancomycin and
metronidazole, these rates remained notable, especially
among patients with prior CDI and/or severe disease [4, 5].

The non-inferiority of oral teicoplanin to oral vancomycin
in the CDI treatment with lower recurrence rates has already
been demonstrated [6, 7]. However, these studies were per-
formed on small numbers of patients and in the pre-epidemic
era, before the emergence of new, hypervirulent strain,
NAP1/BI/027 [6, 7]. From 2013, teicoplanin was approved
for the CDI treatment [8].
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Even though treatment of severe disease represents one of
the major challenges in CDI due to high recurrence and mor-
tality rates, only few real-life studies have addressed this issue.

We previously demonstrated the efficacy of oral
teicoplanin in the treatment of severe and complicated CDI
refractory to standard therapy [9]. Since these results were
obtained from a small cohort, a large-scale study was needed.

The aim of this study was to assess and compare clinical
cure rate, recurrence rate and time to resolution of diarrhea in
patients with severe and severe complicated CDI treated with
teicoplanin or vancomycin.

Methods

Study design and study population

This two-year prospective observational study was conducted
in the University Hospital for Infectious and Tropical Disease,
Clinical Centre of Serbia in Belgrade, from 1st August 2013
until 31st July 2015. Patients were recruited among those ad-
mitted to hospital for treatment of confirmed or suspected
CDI. The study included patients with first episode or first
recurrence of confirmed CDI who had severe or severe and
complicated forms of the disease. Patients with life-
threatening disease on admission were not included in the
analysis in order to avoid selection bias, because all of them
were given vancomycin on admission due to previous defi-
cient and outdated experience about teicoplanin efficacy in
these patients. Patients with concomitant bowel diseases (ma-
lignancy, inflammatory bowel diseases or any kind of enter-
opathy) were excluded from the study since these conditions
could per se be associated with diarrhea. Those with second or
subsequent recurrence were also excluded due to different
treatment approaches they require.

Upon admission, patients with severe CDI were given oral
vancomycin 125 mg q6h or oral teicoplanin 100 mg q12h and
were treated for at least ten days. Those with severe compli-
cated CDI initially received intravenous metronidazole
500 mg q8h in combination with either oral vancomycin
500 mg q6h or oral teicoplanin 200 mg q12h. Upon the initi-
ation of the study vancomycin and teicoplanin were given to
patients alternately (first patient who fulfilled our inclusion
criteria received vancomycin, the second was given
teicoplanin, and so on...). We chose to allocate drugs alternate-
ly in order to minimize selection bias. But, during the study
period, one or the other drug was sporadically not available.
During those time points all patients who were about to enter
the study were given the only drug which was available at that
moment (vancomycin or teicoplanin). It is worth mentioning,
that the drugwhichwas given to the patient at the beginning of
therapy was always provided for the full course of 14-day
treatment right upon entering the study, so that in case of

potential later absence of certain drugs for new patients, pa-
tients who had already started one treatment regimen could
fulfill their course of therapy without the need to switch to
another drug. Patients were given vials orally for parenteral
use because oral formulation of neither teicoplanin nor van-
comycin was available in Serbia. Vials were reconstituted with
sterile water for injection in the hospital pharmacy and stored
at 2–8 °C for the maximum of 24 h. When administered by
oral route teicoplanin is not absorbed from the gastrointestinal
tract, therefore there is no risk of systemic adverse effects and
no need for dosage adjustment in patients with renal failure
[10]. In patients with ileus or toxic megacolon, vancomycin or
teicoplanin enema was given in addition to combination ther-
apy. The standard enema dosages were 500mg of vancomycin
and 200 mg of teicoplanin dissolved in 150 ml 0.9% normal
saline, applied rectally, q6h and q12h, respectively. Primary
outcomes of interest were clinical cure rate after 14 days of
treatment and recurrence rate after eight weeks follow up, and
secondary outcomes were all-cause mortality at the end of
treatment and time to resolution of diarrhea.

Criteria for diagnosis of CDI and its severity

The diagnosis of CDI was confirmed in patients with diarrhea,
in case of both positive enzyme immunoassay (EIA) test for
detect ion of C. di f f ic i le toxin A and B in stool
[RIDA®QUICK Clostridium difficile Toxin A/B (R-
Biopharm AG, Darmstadt, Germany)] and positive stool cul-
ture (medium Clo Agar, BioMerieux, 69,280, Marcy l’Etoile,
F r ance ) o r i n c a s e o f endoscop i c f i nd i ngs o f
pseudomembranous colitis. Stool specimens were collected
in sterile containers and sent to the hospital microbiology lab-
oratory where they were processed within 24 h. The stool
samples of all patients with clinical suspicion and the presence
of risk factors for CDI were analyzed for the presence of
C. difficile toxins A and B and cultivation of all samples for
C. difficile was also performed. Tests for toxin detection were
performed upon admission of the patient and the results were
obtained after a couple of hours. All patients with positive
toxins were initially considered to suffer from CDI, and were
included in the study in case of fulfilling other inclusion
criteria. After the results of culture were obtained, patients
with positive toxins and positive C. difficile culture were con-
firmed to have CDI. For those patients who had negative
C . d i f f i c i l e c u l t u r e b u t h a d po s i t i v e t o x i n s ,
rectosigmoidoscopy or colonoscopy was performed in order
to rule out patients with false positive test results for
C. difficile toxins A and B, and in all of them typical
pseudomembranes were found, thus confirming the diagnosis
of pseudomembranous colitis. There were no patients with
positive C. difficile toxins, and negative C. difficile culture
who did not have pseudomembranes on colonic mucosa when
endoscopy was performed. In case of negative tests for
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detection of C. difficile toxins A and B, culture was also per-
formed, but because of the fact that the results of culture are
obtained after a few days, all patients with high clinical and
epidemiological suspicion of CDI and negative results of tests
for C. difficile toxin A and B also underwent endoscopy and
those with the findings of pseudomembranous colitis (and
without other concomitant bowel diseases) were included in
the study.

Severe CDI was diagnosed in the presence of endoscopic
evidence of pseudomembranous colitis, or two or more of the
following criteria: leucocyte count of above 15,000 cells/mm3

on admission, increased serum creatinine level (at least 1.5
times the premorbid level), hypoalbuminaemia (< 30 g/l)
and fever ≥38.5 °C. Severe and complicated CDI was defined
as the presence of ileus, toxic megacolon, hypotension requir-
ing the use of vasopressors, and/or end organ failure (either
renal or respiratory failure). Mild-to-moderate CDI was de-
fined as the presence of diarrhea plus any additional sign or
symptom not meeting severe or complicated criteria. Patients
with refractory septic shock, severe consciousness impairment
(stupor or coma) not explained by other causes except CDI, as
well as those requiring ventilator support were considered to
suffer a life-threatening disease.

Diarrhea was defined as three or more unformed stools per
day, and time-to-resolution of diarrhea as the time from the
therapy initiation to less than three unformed stools per day
[8]. We defined clinical cure as resolution of diarrhea without
its reappearance during treatment, and recurrence as the reap-
pearance of diarrhea in clinically cured patients within eight
weeks after therapy was completed. Treatment failure was de-
termined as persistence of diarrhea after 14 days of treatment
and the need to add or switch to another treatment option.

Data collection

Data about patients’ clinical and demographic characteristics,
comorbidity, as well as their baseline laboratory findings were
recorded on admission. Patients’ comorbid conditions were
presented using Charlson comorbidity index (CCI) [11].
Data regarding the course of illness during hospital stay, the
usage of concomitant antibiotics, and time to resolution of
diarrhea were collected by daily examination and interview
with patients, by reviewing medical records and by reports
of the nurse in charge. The disease outcome at the end of
therapy was also recorded. Clinically cured patients were
followed for eight weeks after the treatment was completed
by regular check-ups scheduled in two-week intervals in order
to record possible recurrences. The follow-up period of eight
weeks was chosen because according to current guidelines,
the reappearance of diarrhea during this period is considered
to be relapse, and after that reinfection. Patients were also
advised to come to the hospital any time between check-ups,
in case of diarrhea reappearance.

Ethics

The ethical committee of the Clinical Centre of Serbia ap-
proved the study (approval No 25/2013). Patients (or care-
givers) signed a written, informed consent. The study was
performed according to the declaration of Helsinki and subse-
quent revisions [12].

Statistical analysis

All data were analyzed using the methods of descriptive and
analytic statistics. Univariate analysis was performed using
Student’s t-test for continuous and chi-square and Fisher’s
exact test for categorical variables. In order to evaluate the
independent risk factors for recurrence, binary logistic regres-
sion analysis was performed. Variables that were significant in
univariate analysis as well as those that had a priori clinical
significance were included in the logistic regression analysis.
Odds ratios (OR) and 95% confidence intervals (CI) were
calculated. The probability of diarrhea resolution and recur-
rence in two treatment groups was estimated using Kaplan-
Meier survival analysis and compared by log rank test.
Statistical Package for the Social Sciences (SPSS) software
for Windows (version 17.0) was used for statistical analysis.
Statistical significance was set at 0.05.

Data availability The datasets generated and analyzed during
the present study are available from the corresponding author
on reasonable request.

Results

During the study period, 585 patients with confirmed CDI
were treated in the Gastroenterology Department of the
University Hospital for Infectious and Tropical Diseases,
Clinical Centre of Serbia. Among them, 319 patients were
eligible for the study, after we had excluded those with mild
to moderate form of CDI (96 patients), directly life-
threatening disease (58), second or subsequent recurrence
(48), and patients with concomitant bowel diseases (64).
Thirty-two patients dropped out during follow up, so we fi-
nally analyzed 287 patients, of which 107 were treated with
teicoplanin and 180 with vancomycin.

Eighty-four (78.5%) patients treated with teicoplanin and
138 (76.7%) treated with vancomycin had severe non-
complicated CDI, while complicated CDI was present in 23
(21.5%) and 42 (23.3%) patients treated with teicoplanin and
vancomycin, respectively.

The mean age of patients was 73.5 ± 10.6 years (Table 1).
One hundred eighty six patients (64.8%) had prior CDI epi-
sode. These and other clinical and demographic characteristics
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of patients, as well as their comorbidity and baseline labora-
tory analyses are shown in Table 1.

Previous surgery was more frequent in patients treated with
teicoplanin [p = 0.005, OR (95% CI) 0.49 (0.30–0.79)]. The
two treatment groups did not differ significantly with respect
to any other of the baseline characteristics (Table 1).

Figure 1 represents a Kaplan-Meier analysis of time to
resolution of diarrhea following the initiation of therapy ac-
cording to different treatment regimens.

The mean time to resolution of diarrhea was 6.1 ± 3.2 days.
There was no statistically significant difference in time to
resolution of diarrhea among patients treated with teicoplanin
and vancomycin (6.0 ± 3.4 vs 6.2 ± 3.1 days, p = 0.672).
Complicated CDI and the use of concomitant antibiotic ther-
apy, but not recurrent disease, were significantly associated

with longer time to resolution of diarrhea (7.5 ± 3.8 vs 5.8 ±
2.9 days, 8.7 ± 4.5 vs 5.6 ± 2.5 days, and 6.4 ± 3.4 vs 5.7 ±
2.9 days; p < 0.001, p < 0.001, and p = 0.065, respectively).

Treatment with teicoplanin resulted in significantly
higher overall clinical cure rate than did treatment with
vancomycin [90.7% vs 79.4%, p = 0.013, OR 2.51 (1.19–
5.28)]. Teicoplanin-treated patients achieved higher clini-
cal cure rates in each of the severity categories but this
difference did not reach statistical significance (p = 0.062
and p = 0.184, for non-complicated and complicated CDI,
respectively) (Table 2).

Recurrence rates following successful therapy were signif-
icantly lower in patients treated with teicoplanin compared to
vancomycin-treated patients [9/97 (9.3%) vs 49/143 (34.3%),
p < 0.001, OR (95%CI) 0.20 (0.09–0.42)]. When compared

Table 1 Baseline characteristics of patients with severe and severe complicatedClostridium difficile infection treated with vancomycin and teicoplanin
(n = 287)

Clinical and demographic characteristics All patients
n = 287

Vancomycin
n = 180

Teicoplanin
n = 107

pa ORa (95% CI)

Male 135 (47.0%) 83 (46.1%) 52 (48.6%) 0.715 0.91 (0.56–1.46)

Age mean years ± SD 73.5 ± 10.6 74.4 ± 10.3 72.3 ± 10.7 0.100 NA

Age > 65 years 224 (78.0%) 144 (80.0%) 80 (74.5%) 0.300 1.35 (0.76–2.38)

First CDI episode 101 (35.2%) 65 (36.1%) 36 (33.6%) 0.703 1.12 (0.67–1.84)

Fever >38.5 °C 139 (48.4%) 88 (48.9%) 51 (47.7%) 0.903 1.05 (0.65–1.70)

Complicated disease 65 (22.6%) 42 (23.3%) 23 (21.5%) 0.772 1.11 (0.62–1.98)

Ileus 52 (18.1%) 34 (18.9%) 18 (16.8%) 0.752 1.15 (0.62–2.16)

Toxic megacolon 8 (2.8%) 4 (2.2%) 4 (3.7%) 0.476 0.59 (0.14–2.39)

Hypotension requiring the use of vasopressors 6 (2.1%) 3 (1.7%) 3 (2.8%) 0.674 0.59 (0.12–2.95)

Use of concomitant antibiotics 62 (21.6%) 38 (21.1%) 24 (22.4%) 0.882 0.93 (0.52–1.65)

Comorbidity

Cardiovascular disease 237 (82.6%) 155 (86.1%) 82 (76.6%) 0.053 1.89 (1.02–3.50)

Diabetes 63 (22.0%) 42 (23.3%) 21 (19.6%) 0.466 1.25 (0.69–2.25)

Previous stroke 62 (21.6%) 40 (22.2%) 22 (20.6%) 0.769 1.10 (0.61–1.98)

Previous surgery 129 (44.9%) 69 (38.3%) 60 (48.7%) 0.005 0.49 (0.30–0.79)

Malignancy 44 (15.3%) 26 (14.4%) 18 (16.8%) 0.614 0.84 (0.43–1.61)

Immobility 120 (41.8%) 68 (37.8%) 52 (48.6%) 0.083 0.64 (0.40–1.04)

CCI mean ± SD 1.5 ± 1.3 1.6 ± 1.3 1.4 ± 1.3 0.310 NA

Baseline laboratory analyses

Leucocyte count mean ± SD (cells/mm3) 15.8 ± 8.2 16.5 ± 8.3 14.7 ± 7.8 0.068 NA

Leucocyte count
> 15,000/mm3

135 (47.0%) 89 (49.4%) 46 (43.0%) 0.328 1.30 (0.80–2.10)

Leucocyte count
> 30,000/mm3

14 (4.9%) 8 (4.4%) 6 (5.6%) 0.778 0.78 (0.26–2.32)

Albumin mean ± SD (g/L) 26.4 ± 4.7 26.4 ± 4.9 26.4 ± 4.2 0.955 NA

Creatinine ≥1.5 times the premorbid level 41 (14.3%) 31 (17.2%) 10 (9.4%) 0.082 2.02 (0.95–4.30)

CRP mean ± SD (mg/L) 114.7 ± 89.3 120.6 ± 91.9 104.5 ± 84.1 0.169 NA

OR odds ratio, CI confidence interval, SD standard deviation, CDI Clostridium difficile infection, NA non-applicable, CCI Charlson comorbidity index,
CRP C reactive protein

Data are number of patients (%) unless otherwise indicated
a Univariate analysis was performed to analyze the difference in clinical and demographic characteristics, comorbidity and baseline laboratory analyses
of patients treated with vancomycin and teicoplanin
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according to the disease severity, recurrence rates in severe
CDI were 8/80 (10.0%) and 42/120 (35.0%), and in severe
complicated CDI 1/17 (5.9%) and 7/23 (30.4%) in patients
treated with teicoplanin and vancomycin, respectively
[p < 0.001, OR (95%CI) 0.21 (0.09–0.47), and p = 0.107,
OR (95%CI) 0.14 (0.02–1.30)]. Binary logistic regression
analysis showed that the use of teicoplanin was an indepen-
dent predictor of lower risk for recurrence after adjustment for
confounders (Table 3).

Teicoplanin treatment also resulted in significantly
lower recurrence rate in comparison to vancomycin
among patients over 65 years old [6/66 (9.1%) vs 42/
113 (37.2%), p < 0.001, OR (95%CI) 0.15 (0.06–0.39)].

Among those with complicated CDI and patients who
needed concomitant antibiotic therapy, recurrence rates
were lower in the teicoplanin treatment group, but without
statistical significance [1/17 (5.9%) vs 7/23 (30.4%), p =
0.107, OR 0.14 (0.02–1.30), and 2/20 (10.0%) vs 4/23
(17.4%), p = 1.000, OR (95%CI) 0.64 (0.11–3.89),
respectively].

The mean time to recurrence was 13.9 ± 12.3 days, and it
was similar between patients treated with vancomycin and
teicoplanin (14.0 ± 12.9 vs 13.2 ± 8.7 days, p = 0.829).
Figure 2 represents Kaplan-Meier analysis of estimated medi-
an time to recurrence after achieved clinical cure showing no
difference between two treatment arms.

Fig. 1 Kaplan-Meier analysis of
estimated median time to
resolution of diarrhea in patients
with severe and severe-
complicated Clostridum difficile
infection treated with teicoplanin
and vancomycin. Day 0 is defined
as the day of therapy initiation.
Estimated median time to
resolution of diarrhea was 5 days
(95% CI 4–6 days) in patients
treated with vancomycin and
5 days (95%CI 4–6 days) in those
treated with teicoplanin. There
was no difference in the estimated
time to diarrhea resolution
between two treatment groups
(p = 0.300)

Table 2 The outcome of CDI at the day of therapy completion according to disease severity and treatment regimen (N = 287)

Outcome All patients Severe non-complicated CDI Severe complicated CDI

T
N = 107
n (%)

V
N = 180
n (%)

p a ORa

95%CI
T
N = 84
n (%)

V
N = 138
n (%)

p a ORa

95% CI
T
N = 23
n (%)

V
N = 42
n (%)

p a ORa

95% CI

Clinical cure 97 (90.7) 143
(79.4)

0.013 2.51
1.19–5.28

80
(95.2)

120
(87.0)

0.062 3
0.98–9.19

17
(73.9)

23
(41.6)

0.184 2.34
0.77–7.11

Death (all-cause) 8
(7.5)

21
(11.7)

0.314 0.62
0.26–1.43

4
(4.8)

11
(8.0)

0.420 0.58
0.18–1.89

4
(17.4)

10
(23.8)

0.754 0.67
0.19–2.45

Colectomy 1
(0.9)

3
(1.7)

1.000 0.56
0.06–5.42

0
(0)

0
(0)

1.000 NA 1
(4.3)

3
(7.1)

1.000 0.59
0.06–6.03

Treatment failure 1
(0.9)

13
(7.2)

0.020 0.12
0.02–0.94

0
(0)

7
(5.1)

0.049 NA 1
(4.3)

6
(14.3)

0.406 0.27
0.03–2.42

CDI Clostridium difficile infection, T teicoplanin, V vancomycin, OR odds ratio, CI confidence interval, NA non-applicable
a Univariate analysis was performed to evaluate the difference in patients’ outcomes according to treatment regimen
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Discussion

During the last 15 years, the incidence of CDI has significant-
ly increased, with more patients experiencing severe and re-
current disease.

CDI usually affects older patients and those with multiple
comorbidities [1, 2]. In the United States a total of 93% of
deaths from CDI and 92% of CDI-related hospitalization oc-
curred in patients over 65 years old [13]. The mean age of

patients in the present study was 73.5 ± 10.6 years, and pa-
tients over 65 years old accounted for 78% of the study pop-
ulation. Older patients have an increased risk for CDI due to
more comorbidities, frequent hospitalizations, and age-related
immunosuppression.

According to the literature data, clinical cure rate varies
from 74 to 97% in CDI patients treated with vancomycin
[14, 15]. In the present study, clinical cure was achieved in
79.4% of vancomycin-treated patients, which is in accordance

Table 3 Risk factors for recurrence in patients with severe and severe complicated CDI treated with vancomycin and teicoplanin

Characteristic Patients with recurrence/all
patients with clinical cure
n/N (%)

Univariate analysis Multivariate analysis

pa Unadjusted OR (95% CI) pb Adjusted ORb

(95% CI)

Age NA 0.760 NA 0.720 1.01 (0.96–1.07)

Age > 65 years 48/185 (25.9) 0.286 1.54 (0.72–3.30) 0.364 2.01 (0.45–9.09)
Age ≤ 65 years 10/55 (18.2)

Treatment regimen

Teicoplanin 9/97 (9.3) <0.001 0.20 (0.09–0.42) 0.001 0.21 (0.09–0.52)
Vancomycin 49/143 (34.3)

Leucocyte count (cells/mm3) NA 0.026 NA 0.763 1.02 (0.92–1.12)

Leucocyte count >15,000/mm3 16/107 (15.0) 0.004 0.38 (0.20–0.73) 0.217 0.42 (0.11–1.67)
Leucocyte count ≤15,000/mm3 42/133 (31.6)

C reactive protein

> 150 mg/L 12/46 (26.1) 0.698 1.17 (0.55–2.48) 0.190 1.93 (0.72–5.13)
≤ 150 mg/L 38/164 (23.2)

Creatinine

≥ 1.5 times the premorbid level 10/27 (37.0) 0.152 1.97 (0.85–4.59) 0.400 1.62 (0.53–5.02)
< 1.5 times the premorbid level 48/209 (23.0)

Albumin

< 30 g/L 33/165 (20.0) 0.014 0.43 (0.23–0.83) 0.163 0.53 (0.22–1.30)
≥ 30 g/L 22/60 (36.7)

Disease severity

Severe complicated 8/40 (20.0) 0.551 0.75 (0.32–1.73) 0.836 1.31 (0.10–16.96)
Severe non-complicated 50/200 (25.0)

Ileus

Yes 6/33 (18.2) 0.512 0.66 (0.26–1.69) 0.934 0.89 (0.06–14.20)
No 52/207 (25.1)

CDI episode

First recurrence 20/88 (22.7) 0.756 0.88 (0.48–1.64) 0.110 0.53 (0.24–1.16)
First episode 38/152 (25)

Use of concomitant antibiotics

Yes 6/47 (12.8) 0.056 0.40 (0.16–0.99) 0.475 0.62 (0.16–2.32)
No 52/193 (27.0)

Charlson comorbidity index NA 0.569 NA 0.640 0.93 (0.68–1.27)

Duration of therapy NA 0.060 NA 0.324 1.09 (0.92–1.30)

Time to resolution of diarrhea NA 0.698 NA 0.524 1.05 (0.90–1.24)

CDI Clostridium difficile infection, OR odds ratio, CI confidence interval, NA, non-applicable
a Univariate analysis was performed to evaluate risk factors for recurrence of CDI in patients who achieved clinical cure
b Binary logistic regression analysis was performed to evaluate the independent risk factors for recurrence after adjustment for confounders (age, age ≥
65 years, leucocyte count, leucocyte count >15000cells/mm3 , CRP >150 mg/l, creatinine level ≥ 1.5 times the premorbid level, complicated disease,
presence of ileus, use of concomitant antibiotic therapy, Charlson comorbidity index, duration of therapy and time to resolution of diarrhea)
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with the results of other authors reporting clinical cure rates of
70%, 79% and 89% in severe forms of the disease [14–16].

According to the present study, patients with severe CDI
treated with teicoplanin were associated with significantly
higher overall clinical cure rate than those treated with vanco-
mycin. Previous studies also demonstrated higher clinical cure
and lower recurrence rates in patients treated with teicoplanin
compared to those treated with vancomycin [6, 7, 17]. De
Lalla et al. showed the efficacy of teicoplanin in patients with
pseudomembranous colitis with clinical response of 96.2%
and 100% [7, 17]. In the study of Wenish et al., clinical cure
was achieved in 96% of teicoplanin-treated patients [6]. All of
these studies date back from the period of two decades ago,
long before the emergence of hypervirulent strain, NAP1/BI/
027, thus, the extrapolation of their results to the current peri-
od is difficult. To the best of our knowledge, our study is the
first to assess the efficacy of teicoplanin in the treatment of
severe CDI in the epidemic era, the only which includes pa-
tients with complicated disease, and the largest one addressing
teicoplanin usage in CDI ever conducted.

Despite the results of aforementioned studies, teicoplanin
was never in widespread use for CDI. Infrequent use and four-
fold lower minimum inhibitory concentrations (MICs) of
teicoplanin compared to those of vancomycin, might explain
higher teicoplanin clinical cure rates, bearing in mind that
treatment failure might result from higher MICs of vancomy-
cin and metronidazole reported in certain strains [18, 19].

There are few published data concerning the experience in
the treatment of complicated CDI. In a study evaluating the

addition of vancomycin enema to standard combination ther-
apy, treatment was successful in 58.3% of patients treated with
standard therapy and 54% of those to whom vancomycin en-
ema was added [20]. In a retrospective analysis of the use of
tigecycline in combination with standard therapy, clinical cure
was achieved in 6/7 (85.7%) patients with complicated disease
[21]. In a recent report regarding the use of fidaxomycin in
critically ill, treatment response was achieved in 34% of pa-
tients with complicated CDI [5].

The clinical cure rate of 73.9% among teicoplanin-treated
complicated CDI in the present study is among the highest
ever reported for complicated disease. However, this must
be interpreted with caution because patients with directly
life-threatening disease on admission were excluded from
the present study.

The mean time to resolution of diarrhea in the present study
was 6.1 ± 3.2 days, and did not differ significantly between the
two treatment groups. Time to resolution of diarrhea reported
in the literature was shorter, with the median from 58 to 96 h
[6, 7, 16, 22]. This discordance could be explained by the fact
that other studies included patients not only with severe but
also with mild to moderate disease.

In the present study, the all-cause mortality rates in patients
with severe as well as in those with complicated CDI were
lower in the teicoplanin treatment group, but without statisti-
cal significance. Mortality rates reported in the literature range
from 4.9% to 35.9% [23, 24]. Patel et al. reported all-cause
mortality rate of 18.5% and 37.5% in patients with severe and
severe complicated CDI, respectively [25]. In a study

Fig. 2 Kaplan-Meier analysis of
estimated median time to
recurrence in patients with severe
and severe complicated
Clostridum difficile infection
treated with teicoplanin and
vancomycin. Day 0 is defined as
the day the therapy was
completed. The estimated median
time to recurrence was 10 days
(95% CI 8–13 days) in
vancomycin-treated patients, and
10 days (95% CI 2–18 days) in
those treated with teicoplanin.
There was no difference in time to
recurrence between two treatment
groups (p = 0.874)
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addressing severe CDI in patients treated in the intensive care
unit, death was reported in 36.7% [26]. The exclusion of pa-
tients with life-threatening disease on admission could explain
lower mortality rates among patients in the present study.

One of the main issues in management of CDI is high
recurrence rate in patients who achieve clinical cure.

Most recurrences occur within the first 30 days after com-
pleting a course of CDI therapy [3]. According to Johnson
et al., the mean time to relapse was 14.5 days [27]. This is
similar to the time to recurrence observed in the present study,
which did not differ significantly between treatment groups.

In the present study, the recurrence rate in vancomycin-
treated patients was 30.4% and 35% in patients with compli-
cated and non-complicated CDI, respectively. These rates are
among higher recurrence rates reported in the literature.
According to literature data, in patients treated with vancomy-
cin, recurrence rates can be as high as 38%, while in patients
who experienced prior CDI episode these rates even reach 40–
65% [22, 28]. These are overall recurrence rates in patients
with CDI irrespective of disease severity. The fact that our
study included only patients with severe and severe-
complicated CDI might be one of the explanations for high
recurrence rates in patients treated with vancomycin. The in-
cidence of recurrent CDI reported in the surgical intensive
care unit by Jasiak et al. was 43.8% [29]. In a subgroup of
patients with severe CDI treated in Italy, five of 17 (29.4%)
patients experienced recurrence [30].

The significant percentage of patients with first recurrence
in the present study who were included in both treatment
groups (63.9% in the vancomycin and 66.4% in the
teicoplanin group) is another reason for high recurrence rates
in the vancomycin treatment group which approached the re-
currence rates reported in the literature for patients with pre-
vious CDI. In a study comparing the efficacy of vancomycin
and fidaxomycin in the treatment of first recurrence of CDI,
recurrence occurred in 35.5% of patients treated with vanco-
mycin [4]. The same category was also analyzed by Pepin
et al. and revealed recurrence in 33% of patients [31]. In ad-
dition, other authors also reported high recurrence rates after
treatment with vancomycin. In a Canadian study recurrence
rate was 28% among vancomycin-treated patients [32]. Young
et al., Cornely et al. and Louie et al. reported recurrence rates
of 33%, 27% and 25%, respectively [16, 22, 33]. In a sub-
group of patients with hematological malignancies 41% of
patients experienced recurrent CDI [34].

In contrast to the achieved vancomycin recurrence rate, the
rate of recurrence in patients treated with teicoplanin was only
9.3%, which was significantly lower in comparison to the
vancomycin treatment group. This difference remained signif-
icant even after adjustment for confounders, so the use of
teicoplanin has proven to be an independent predictor of lower
recurrence rate in patients with severe CDI. The previously
reported risk factors for recurrence such as advanced age,

concomitant antibiotic therapy and comorbidity, were not as-
sociated with higher risk for recurrence in our study.

Patients treated with teicoplanin were also less likely to
experience recurrence compared to vancomycin recipients in
subgroups of patients with complicated CDI, patients who
received concomitant antibiotic therapy and those over
65 years old. This is important, because these groups represent
patients at highest risk for recurrent disease [3].

The achieved teicoplanin recurrence rates are not only low-
er than those in the vancomycin treatment group in the present
study, but are also remarkably lower than the majority of van-
comycin recurrence rates reported in recent studies. They are
similar to the results of previous studies of teicoplanin usage
in CDI, in which recurrence was observed in up to 7.7% [6, 7,
17]. The results of those studies must be assessed with caution
due to the small number of enrolled patients, and cannot be
quite comparable with the present study because they were
obtained in the pre-epidemic era, before the emergence of
hypervirulent strain. The observation that oral teicoplanin
might bemore effective than vancomycin not only for clinical,
but also for bacteriological cure, might explain lower
teicoplanin recurrence rates [7].

Recent studies demonstrated that fidaxomycin was associ-
ated with lower risk of recurrence in patients with CDI, but
this advantage of fidaxomycin was consistently shown only
for non-027 ribotypes [16, 22]. The teicoplanin recurrence rate
in the present study is comparable to the ones reported in
studies with fidaxomycin. Considering the fact that
fidaxomycin is not always and everywhere available,
teicoplanin might be a potential treatment option in these cir-
cumstances, especially in patients with high risk for
recurrence.

The presented study has potential limitations. Patients with
most severe, directly life-threatening disease were not includ-
ed in the analysis, because none of them was treated with
teicoplanin as initial therapy. In addition, the number of pa-
tients with severe complicated disease included in the study
was small, but still was among the largest addressing this
category of patients reported in a single study. Likewise, this
was a non-randomized study, which might have led to selec-
tion bias, but the fact that treatment groups did not significant-
ly differ in baseline characteristics contributes to the validity
of our results.

In the presented study, molecular characterization of
C. difficile strains has not been included, but recently pub-
lished data showed the remarkable predominance of ribotype
027 in patients in Serbia, so it is most likely that this ribotype
was also predominant in the present study population [35].
Therefore, we can speculate that teicoplanin might also be
efficient in the treatment of CDI caused by ribotype 027,
which was associated with more severe disease and higher
mortality and recurrence rates in some previous studies [36].
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This additionally emphasizes the potential role of teicoplanin
in the treatment of CDI.

According to all the aforementioned, teicoplaninmight be a
good treatment option for patients with severe CDI. Patients
treated with teicoplanin experienced remarkably lower recur-
rence rates compared to vancomycin-treated patients. In addi-
tion, the association of teicoplanin treatment and lower recur-
rence rates was also demonstrated in patients with advanced
age, concomitant antibiotic therapy and those with complicat-
ed disease. Because of its higher cost in comparison to van-
comycin, teicoplanin might be reserved for patients with the
highest risk for recurrence, and those in whom all potential
consequences and complications of recurrence could lead to
unfavorable and fatal outcome.

Considering the fact that recurrent CDI is a challenge to
treat with limited therapeutic options, more studies addressing
the use of teicoplanin in the treatment of CDI might be useful.
Furthermore, future studies preferably randomized clinical tri-
als, and studies that would include the critically ill and patients
with multiple recurrences are required to evaluate the precise
role of teicoplanin in the treatment of CDI.
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