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Abstract

AIM: To investigate the effect of Lactobacillus-con-
taining commercially available probiotic formulations in
Germany during antibiotic treatment with an analysis of
cost-efficiency.

METHODS: In an observational study, we analyzed
the frequency of bowel movements from 258 patients
with infections in a primary care hospital in western
Germany; 107 of the patients were offered a probiotic
drink containing at least 10 billion cultures of Lacto-
bacillus case/ DN 114001 b.i.d. The economic analysis
was based on the costs of patient isolation vs preven-
tive intake of probiotics. In a second pilot study, two
commercially available probiotic drinks with different
Lactobacillus caser strains were directly compared in 60
patients in a randomized controlled fashion.

RESULTS: In the first study, the incidence of antibiotic-
associated diarrhea (AAD) was significantly reduced
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in the intervention group (6.5% vs 28.4%), and the
duration of AAD in days was significantly shorter (1.7
+ 1.1 vs 3.1 £ 2.1). Higher age and creatinine and
lower albumin were identified as risk factors for AAD.
Ampicillin was the antibiotic with the highest rate of
AAD (50%) and with the greatest AAD reduction in the
probiotic group (4.2%, relative risk reduction 92%). The
economic analysis showed a cost advantage of nearly
60000 €/year in a department of this size. The second
study confirmed the preventive effect of the drink with
Lactobacillus casei DN114001; however, there were no
advantages found for the other tested probiotic drink
containing Lactobacillus case/ Shirota.

CONCLUSION: In contrast to a drink containing Lacto-
bacillus casei Shirota, a commercially available probiotic
drink containing Lactobacillus casei DN 114001 cost-
efficiently reduces the prevalence of AAD during antibiotic
treatment.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Antibiotics-associated diarrhea; Probiotics;
Lactobacillus casei

Core tip: The presented study used a large primary hos-
pital cohort to test the effect of a commercially available
probiotic drink in the prevention of antibiotic-associated
diarrhea (AAD) in a decision-based manner. This is the
first manufacturer-independent study showing a clear
advantage of a probiotic drink containing Lactobacillus
case/ DN 114001 in AAD prevention. The study addi-
tionally contains a calculation of cost-effectiveness and
identifies risk factors for AAD. In a second small pilot
study, we compared for the first time two commercially
available drinks in a head-to-head analysis.

Dietrich CG, Kottmann T, Alavi M. Commercially available
probiotic drinks containing Lactobacillus casei DN-114001 re-
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INTRODUCTION

Antibiotic-associated diarrhea (AAD) is a common
problem in the treatment of infectious diseases. During
treatment with antibiotic drugs, 5%-49% of patients,
depending on the type of the antibiotic used, suffer
from diarrhea”; typically, a pathogenic bacterium is not
identified in the diarrhea. In approximately 10%-25% of
cases, AAD is caused by Clostridinm difficile (C. difficile), and
the incidence of this bacterium is rising"”. The presence
of diarrhea requires the isolation of the patient until C.
difficile-associated diarrhea (CDAD) has been ruled out by
stool cultures. In primary hospitals without their own mi-
crobiology departments, this diagnostic procedure could
take two or three days. During this period, the isolation
of the patient leads to a lack of availability of the adja-
cent beds for other patients and to higher costs of pa-
tient cate through the necessity of weating coats, masks,
caps and gloves to avoid transferring bacteria to other
patients. These additional costs and the discomfort for
patients, relatives and staff members could be avoided by
a more rapid diagnostic procedure and by the prevention
of AAD and CDADY. Data from surveys and our own
observations suggest that isolated patients are visited less
frequently and consequently ate treated worse than non-
isolated patients®”.

A recent meta-analysis of 82 randomized controlled
studies detected a statistically significant reduction in
AAD when probiotics were used concomitantly during
the administration of antibiotics. However, the stud-
ies™™ were extremely heterogeneous in terms of their
patient population and use of probiotics and antibiot-
ics. Although cultures of lactobacillus” were used in
the majority of the studies, the bacterial strains were
pootly defined and characterized. Clear evidence for a
standardized adjuvant probiotic administration could not
be formulated, although more than 11000 patients were
included in these studies"’. Another meta-analysis found
a statistically significant advantage for lactobacillus strain
probiotics; however, there was significant heterogeneity
in the study design (study population, probiotic used, def-
inition of AAD, dose and duration of probiotic adminis-
tration)"”. In a systematic review, four out of six studies
of the highest quality supported an effect of probiotics
against AAD"",

A recent randomized, double-blind placebo-con-
trolled study was not able to show the effectiveness of
the administration of Saccharomyces boulardii in the
reduction of AAD"”; however, older studies and a meta-
analysis detected an advantage for this strain®’.

The situation regarding probiotics is unclear, and spe-
cific recommendations are lacking".
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Eser ¢ al" recently summarized the available evidence
and concluded that lactobacillus rthamnosus GG and
casei-based probiotics and products using Saccharomy-
ces boulardii and probiotic mixtures could be used in the
prevention of AAD; these authors assigned a grade of
evidence of 1a for the lactobacillus rhamnosus GG and
casei-based probiotics and a grade of 2b for the Saccharo-
myces boulardii and probiotic mixtures'. Given the pres-
ent data, it is difficult to shatre these recommendations.

We hypothesize that the prevention of AAD could
be most effective if probiotics are used that are widely
distributed and accepted by the patients and are not per-
ceived as an additional drug/tablet (low threshold for
intake resulting in good compliance). In Germany and in
many other countries, several formulations of lactoba-
cillus strains are sold as food products in supermarkets.
Therefore, these formulations are easily available and
could be used in the outpatient setting and during hospi-
tal stays. The majority of these products have a pleasant
taste, and the distribution of these probiotic drinks is
experienced in a very positive manner by the patients.

Only one study using a commercial product has been
publishedm]. This study showed a positive effect of the
probiotic drink; however, the study was supported by the
manufacturer and used an AAD definition that is unsuit-
able for use in hospitals (AAD defined as 3 or more loose
stools in at least 3 consecutive days)”. However, in hos-
pitals, diarrhea of one-day duration leads to the isolation
of the patient.

The aim of our study was to test the efficacy of com-
mercially available probiotic drinks (Actimel® and Yakult")
in the prevention of AAD in a decision-based manner re-
garding necessary isolation in a primary hospital (3 loose
stools on one day) independently from the manufacturer.
A calculation of the economic advantage of antibiotic-
accompanied prophylactic treatment with probiotics was
performed after finalizing the study. Data from the pa-
tients were used to identify risk factors for AAD to tailor
preventive probiotic treatment to certain risk groups.

MATERIALS AND METHODS
First study

In a large Internal Medicine department in a primary
hospital (Bethlehem hospital in Stolberg/Rhineland, Get-
many), we recorded the presence of AAD in three hospi-
tal wards (wards A5, AG and A7). AAD was defined as at
least 3 watery/fluid stools in a 24-h period. On ward A5,
all of the patients treated with antibiotics were offered
commercially available probiotic drinks [Actimel® (Danone
GmbH, Munich, Germany)], 100 mL, each containing at
least 10" colony forming bactetia of Lactobacillus casei de-
fensis DN-114001, bought iz the canteen kitchen of the
hospital) twice daily for the duration of antibiotic treat-
ment over a period of 3 mo. On wards A6 and A7, all of
the patients were treated as usual without any probiotics.
The basic data of the patient groups are shown in Table
1. After this study period, all of the charts of the patients
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with informed consent on the three wards (# = 258)
were analyzed retrospectively for information regarding
diarrhea during treatment with antibiotics leading to the
isolation of the patient. The results of ward A5 (z = 107)
were compared with the two other wards (7 = 151) of the
same hospital, which served as the controls. Patients with
sepsis, pancreatitis and oncologic diseases and patients on
dialysis were excluded. These exclusion critetia followed
the known safety profile of the probiotics and are consis-

. . . 1,21,23,24]
tent with recommendations from the literature! ">,

Second study

After obtaining encouraging results in the first study, we
designed a controlled randomized study (to our knowl-
edge, the first head-to-head-comparison) using two dif-
ferent commercially available probiotic drinks, Actimel
v (Danone, Lactobacillus casei defensis DN-114001) and
Yakult® (Yakult Deutschland GmbH, Neuss, Germany,
Lactobacillus casei Shirota). Both preparations are widely
available as food products and claim to contain at least
10" colony forming bactetia of Lactobacillus casei strains.
The probiotic drinks were bought by the canteen kitchen
of the hospital. This part of the study took place in the
same Internal Medicine department and started only a
short period after the end of the first study. Due to the
sponsor-independent nature of the study, we were unable
to design this study as double-blind. Consecutive patients
on the three wards were asked to participate in this study
by using probiotic drinks twice daily and were random-
ized in the sequence of admission. The basic data of
the patient groups are shown in Table 2. After obtaining
informed written consent, the patients were randomized
and received open-label drinks. All of the patient charts
were analyzed regarding diarrhea during the antibiotic
treatment. The study was approved by the local ethics
committee.

Statistical analysis
The statistical analysis was performed using SPSS Version
20.0 (SPSS Inc., United States). All of the metric vari-
ables were analyzed regarding normal distribution with
the Shapiro-Wilk test or the Kolmogorov-Smirnov test.
Comparisons of independent normally distributed vari-
ables was performed using a #test. The homogeneity of
variances was tested with the Levene test. Non-normally
distributed samples were compared using the Mann-
Whitney-U test. The categorized data were analyzed with
the chi-square test and Fisher’s exact test.

In all of the tests, two-sided significance was tested
with the assumption of P < 0.05 as significant.

RESULTS

First study

In the probiotics group, the incidence of AAD was much
lower than that in the control group (6.5% vs 28.4%, P <
0.001). Probiotics reduced the duration of AAD from 3.1
t+ 2.1 d in the control patients to 1.7 *+ 1.1 d in the pa-
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tients using these drinks (P = 0.015, for all data see Table
3). If analyzed according to the days of diarrhea relative
to the entire duration of the hospital stay, the difference
in AAD prevalence was higher (1.65% »s 14%). The OR
for AAD in the probiotic group was 0.177; in the control
group, the OR for AAD was 5.66.

Figure 1 shows the incidence of AAD for each an-
tibiotic. The majority of cases of AAD occurred with
treatment using ampicillin/sulbactam. The greatest AAD
reduction when using probiotic drinks was observed in
treatment with ampicillin/sulbactam (4.2% vs 50%, rela-
tive risk reduction 92%), ceftriaxone and metronidazole
(0% »s 23 and 25%, respectively, relative risk reduction in
both cases 100%). We observed a very low incidence of
AAD with piperacillin and clindamycin (data not shown).
However, these antibiotics were seldom used on the stan-
dard care wards.

The length of the entire hospital stay was longer in
the control patients with diarrhea (15.5 = 10.6 d) than
in the control patients without diarrhea (12.2 = 8.3 d, P
= 0.01) and in the patients with diarrhea using probiot-
ics (12.75 £ 6.7 d, Table 4). However, the length of the
entire hospital stay was not significantly different in the
probiotic group compared with the control group (11.2
T 6.8 w5 12.2 £ 8.3, P = 0.386, Table 3). The majority of
episodes of AAD started on day 3 of treatment with an-
tibiotics in both groups (data not shown).

Patients with diarrhea in both groups tended to be old-
er, to have higher creatinine levels and to have lower albu-
min levels. There was no difference in diarrhea frequency
regarding gender or body mass index (BMI) (Table 4).

In our hospital, we calculated the burden of patient
isolation during AAD (requirement for protective masks,
caps, gloves and coats) to be approximately 70 €/d. Based
on the results from this first study and the number of
patients in our department, we expect costs of approxi-
mately 77800 €/year for isolating patients without probi-
otic use and of approximately 14400 €/year for patients
using probiotics. These calculations consider an isolation
length of approximately 2 d as realistic until negative
stool cultures are present. Even if the costs of the pro-
biotic drinks (4586 €/year) are taken out of this sum,
there is a clear advantage for the strategy of prophylactic
probiotic use duting antibiotic treatment (58800 €/year).
Any additional costs for longer hospital stays of patients
with diarrhea were not included in this calculation.

Second study

We observed significant differences in the frequency of
diarrhea between the two groups. The diarrhea frequency
in the Actimel group was similar to that of the first study
(6.7%), whereas the presence of AAD was much higher
in the Yakult group (33.3%), similar to the results of
the control group from the first study (P = 0.021, Table
5). The duration of diarrhea was cleatly shorter in the
Actimel group (2.5 £ 0.7 »s 4.4 + 2.5), although this dif-
ference did not reach significance. The only cases of C.
difficile infection occurred in the Yakult group (3 cases,
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Table 1 Basic data (mean + SD or percentage) of patients in the first study

Variable

Actimel group (ward A5) Controls (wards A6/A7) P value
n 107 151
Age (yr) 70.8 £15.6 70.8 £16.5 NS
Male gender 48.6% 52.3% NS
PSTOor1 52.3% 56.6% NS
BMI 25.7+4.2 26.1+4.8 NS
Creatinine (mg/dL) 1.2+0.8 1.1+£0.6 NS
Albumine (mg/dL) 35+04 35+04 NS
Diagnosis Pulmonary: 55.7% Pulmonary: 50.0% NS
(site of infection/sepsis) Genitourinary: 26.4% Genitourinary: 22.0%
Biliary: 2.8% Biliary: 8.0%
Sepsis: 5.7% Sepsis: 1.3%
Diverticulitis: 2.8% Diverticulitis: 2.7%
Dermal: 2.8% Dermal: 4.0%
Misc.: 3.7% Misc.: 12.0%
Antibiotics Ampicillin: 26.4% Ampicillin: 19.3% NS
Cefuroxime: 23.5% Cefuroxime: 18.7%
Ceftriaxone: 12.2% Ceftriaxone: 10.7%
Ciprofloxacin: 16.0% Ciprofloxacin: 20.0%
Clarithromycin: 12.2% Clarithromycin: 6.7%
Tazobactam: 3.8% Tazobactam: 2.7%
Levofloxacin: 6.6% Levofloxacin: 2.7%
Moxifloxacin: 3.8% Moxifloxacin: 0.0%
Metronidazole: 3.7% Metronidazole: 6.7%
Clindamycin: 0.0% Clindamycin: 3.3%
Cotrimoxazole: 0.9% Cotrimoxazole: 4.9%
Days of treatment 73+42 6.1+3.6 0.008

NS: No significance; BMI: Body mass index.

Table 2 Basic data (mean + SD or percentage) of patients in the second study

Variable

Actimel group Yakult group P value
n 30 30
Age (yr) 69.7 £17.6 7411175 NS
Male gender 63.3% 60.0% NS
PSTOor1 70.0% 51.7% NS
BMI 259+4.2 251+4.1 NS
Creatinine (mg/dL) 1.2+05 1.1+03 NS
Albumin (mg/dL) 34+03 33103 NS
Diagnosis Pulmonary: 30.0% Pulmonary: 50.0% NS
(aite of infection/aepsis) Genitourinary: 50.0% Genitourinary: 26.7%
Biliary: 3.3% Biliary: 6.7%
Sepsis: 0.0% Sepsis: 3.3%
Diverticulitis: 0.0% Diverticulitis: 3.3%
Dermal: 13.3% Dermal: 6.7 %
Misc.: 3.3% Misc.: 3.3%
Antibiotics Ampicillin: 20.0% Ampicillin: 36.7% NS
Cefuroxime: 20.0% Cefuroxime: 10.0%
Ceftriaxone: 20.0% Ceftriaxone: 10.0%
Ciprofloxacin: 0.0% Ciprofloxacin: 3.3%
Clarithromycin: 10.0% Clarithromycin:16.7%
Tazobactam: 0.0% Tazobactam: 10.0%
Levofloxacin: 20.0% Levofloxacin: 20.0%
Moxifloxacin: 0.0% Moxifloxacin: 3.3%
Cotrimoxazole: 3.3% Cotrimoxazole: 6.7%
Penicillin: 13.3% Penicillin: 0.0%
Days of treatment 6.0+3.1 6.6+3.7 NS
Concurrent PPI treatment 23.3% 50.0% 0.06
Antibiotic treatment in history 3.3% 10.0% NS

NS: No significance; BMI: Body mass index.
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Table 3 Endpoint data (mean + SD or percentage) of the

first study
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Table 4 Differences in patients (mean + SD or percentage)

with and without diarrhea in the first study

Parameter Actimel group Controls P value
(ward A5) (wards A6/A7)
Hospital stay (d) 11.2+6.8 122+83 NS
Diarrhea 6.5% 28.4% <0.001
Duration of diarrhea (d) 1.7+11 3121 0.015
NS: No significance.
60 M Controls

[ Lactobacillus
50

40

30

%

20

Figure 1 Percentage of patients with diarrhea with frequently used antibi-
otics (closed bars-no probiotic, open bars-probiotic drinks).

10% of all patients in this group). The occurrence rates
of AAD depending on the antibiotic used were similar to
the first study (data not shown).

The patients with diarrhea tended to be older, to have
lower albumin levels and to have higher creatinine levels;
however, the creatinine levels did not reach statistical
significance in the second study because of the limited
number of patients (Table 6). We analyzed patients with
and without diarthea for the concurrent intake of PPIs
and antibiotic treatment in the recent history and found
significant differences (Table 6).

Other analyzed factors (the presence of enteral nutri-
tion, dementia, atrial fibrillation, chronic lung disease,
congestive heart failure, diabetes mellitus, smoking, heavy
alcohol consumption) were not significantly different be-
tween the study groups or between the patients with and
without diarrhea (data not shown).

DISCUSSION

Our data from a large number of patients show for the
first time in a manufacturer-independent manner that a
commercially available probiotic drink (Actimel®) with
a specific lactobacillus casei strain is able to significantly
reduce the frequency and duration of AAD and that
this reduction is cost-effective. In a large cohort in our
department, the twice daily ingestion of this drink led to
an AAD frequency of only 6.5%, whereas in the control
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Parameter Diarrhea No diarrhea P value

n 49 206

Age (yr) 749 +13.3 69.6 £16.5 0.028

Gender M: 20.0% M: 80.0% NS
F:18.4% F:81.6%

Hospital stay (d) 15.0+10.1 111469 0.007

Creatinine (mg/dL) 1.5+0.8 1.1+0.6 <0.001

Albumine (mg/dL) 32+0.2 34+03 0.04

BMI 253+4.7 26.1+45 NS

NS: No significance; BMI: Body mass index.

Table 5 Endpoint data (mean + SD or percentage) of the

second study

Parameter Actimel group  Yakult group P value
Hospital stay (d) 108 +7.7 11.8+78 NS
Diarrhea 6.7% 33.3% 0.021
Duration of diarrhea (d) 25+0.7 44+25 NS
CDAD 0.0% 10.0% NS

NS: No significance; CDAD: Clostridium difficile-associated diarrhea.

group, AAD was approximately four times more fre-
quent. The duration of AAD was significantly shorter in
the Actimel patients. The patients and medical profes-
sionals benefited from the use of probiotic drinks be-
cause this protocol significantly reduced the necessity of
isolating patients on the ward. Less isolation saves time
for medical professionals and increases the quality of life
for patients, relatives and medical staff. Additionally, in
a cost analysis, we calculated the financial benefit for a
department as large as ours to be more than 50000 € per
year. Significant side effects were not recorded, suggest-
ing that this probiotic drink is safe even for ill and old pa-
tients, taking into account the applied exclusion critetia.

Possible bias might result from the fact that the study
was performed on three different wards and that the con-
trol group did not receive a placebo.

However, the second part of our study confirmed
this result for Actimel in a ward-independent manner,
although this part was performed with a smaller num-
ber of patients. Furthermore, we showed that another
lactobacillus casei drink was not able to improve the AAD
frequency. This result suggests a specific effect of the
Lactobacillus casei strain used in Actimel or of the compo-
sition of the drink, including the other included bacte-
rial strains (Lactobacillus bulgaricus and Streptococcus
thermophilus). There might be some features of the
study patients that caused Yakult to not be more suc-
cessful than the control group of the first study. First,
the patients in the Yakult group were older and had a
worse performance status, although these differences did
not reach significance. Additionally, the patients in the
Yakult group had more pulmonary infections and more
often received ampicillin as the antibiotic; ampicillin was
associated with the highest AAD-frequency. This admin-
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Table 6 Differences in patients (mean + SD or percentage) with and without diarrhea in the second study

Parameter Diarrhea No diarrhea P value
n 12 48
Age (yr) 80.3+13.4 69.8+18 0.019
Gender M: 21.6% M:78.4% NS
F:17.4% F:82.6%
Hospital stay (d) 19.3 £10.9 93+5.2 <0.001
Creatinine (mg/dL) 1.2+04 1.1+04 NS
Albumine (mg/dL) 33105 36104 <0.001
BMI 24.0+4.0 259+4.1 NS
Concurrent PPI treat. 75.0% 27.1% 0.005
Antibiotic treatment in history 33.3% 0.0% 0.001

NS: No significance; BMI: Body mass index.

istration of ampicillin might be the reason for the three
cases of CDAD in this group. In the Actimel group, no
CDAD was observed, emphasizing the positive effect of
the probiotic.

The second study confirmed the positive effects for
one of the commercially available probiotic drinks con-
taining the specific lactobacillus strain DN-114001; how-
ever, these results could not be transferred to all lactoba-
cillus preparations because either the defined lactobacillus
strain or the composition of the fermented milk drink
might confer different effects on AAD.

In the analysis of patients with diarrhea »s the patients
without diarrhea, several factors appeared to emerge as
promoting AAD. In both study parts, the patients with
diarrhea were older and had a lower albumin level and
a higher creatinine level. The creatinine variable did not
reach significance in the second study most likely because
of the smaller patient number. These results, however,
are in agreement with an earlier study'”, suggesting that
these factors promote AAD. There could be pathophysi-
ological explanations for these data. Doctors often forget
to reduce the dose of the antibiotic according to the renal
function in patients with only limited renal insufficiency.
Additionally, the albumin level reflects the nutritional sta-
tus and might influence the pharmacokinetics of antibi-
otic substances zia blood protein binding. These findings
and their possible explanations should lead to the careful
dosing of antibiotics in older patients with mild to mod-
erate renal insufficiency.

Treatment with antibiotics in the medical history has
long been associated with CDAD™. Our data from the
second study imply that prior antibiotic treatment might
also be a risk factor for AAD. The role of concurrent
PPI therapy is controversial ", however, our limited
data support an association between concomitant PPI
therapy and AAD. The number of patients in the second
study is too low to obtain confident data regarding these
factors, and future studies with higher power should ex-
amine these associations. These findings should further
contribute to a reduction in the generous use of PPL

Our data have implications for hospitals without their
own microbiological departments. In such hospitals, rul-
ing out specific infections, such as CDAD in the case of
AAD, takes several days and necessitates the isolation of
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patients to avoid spreading the infection. In an era of
increasing nosocomial infections and more severe CDAD
infections, the avoidance of AAD is the best preven-
tive measure; furthermore, the isolation of patients is a
nuisance to the patients and the hospital staff and leads
to worse medical care of these patients” . Additionally,
cost-reduction is enormous and likely underreported
because we did not include the cost of a longer hospital
stay for AAD patients or for stool cultures.

The data from existing studies and our own data from
the present study justify the use of probiotics for the
prevention of AAD during antibiotic treatment, espe-
cially in geriatric patients with recent antibiotic use, renal
insufficiency and lower albumin values. It is probable that
even the generalized use of probiotics is cost-effective
and safe. Our study implies that careful dose modifica-
tions in patients with lower albumin and higher creatinine
levels might contribute to a lower prevalence of AAD;
however, these issues should be investigated in separate
studies.

COMMENTS

Background

Antibiotic-associated diarrhea (AAD) is an important problem that occurs
during antibiotic treatment and has a significant economic burden. Probiotics
have been shown to reduce AAD, especially when the probiotic contains Lac-
tobacillus strains. Several probiotic formulations containing Lactobacillus casei
are commercially available, have pleasant tastes and could contribute to AAD
prevention.

Research frontiers

The concept of using commercially available probiotic drinks for AAD preven-
tion is attractive. These drinks are readily available, and the threshold for intake
is low. The authors show in this study that one commercially available drink
containing Lactobacillus casei DN 114001 was very effective in preventing AAD.
Interestingly, a different commercial probiotic drink containing another Lacto-
bacillus casei strain was not better in the prevention of AAD compared with the
control group. Higher age, lower serum albumin and lower serum creatinine
concentrations were identified as risk factors for AAD.

Innovations and breakthroughs

This is the first study without support from the manufacturer showing the effec-
tiveness of a commercial probiotic drink in the prevention of AAD. Additionally,
the authors conducted the first head-to-head study of two probiotic formulations
in AAD prevention and showed that the specific Lactobacillus strain or the
general drink composition is responsible for the AAD preventive effect. The ap-
plication of the commercial probiotic drink containing Lactobacillus DN 114001
is highly cost-effective.
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Applications

This study shows that the general use of probiotics during antibiotic treatment
could reduce the occurrence of AAD and health costs. Additionally, risk groups
of AAD are identified; antibiotic treatment should be supervised carefully in
these groups.

Terminology

AAD (antibiotic-associated diarrhea) denotes diarrhea occurring during anti-
biotic treatment. Some of these cases of diarrhea are related to Clostridium
difficile. When experiencing episodes of diarrhea, patients must be isolated and
can only be visited by individuals wearing protective coats, masks, gloves and
caps. Probiotics are living microbes conferring a health benefit by modifying the
intestinal microbiota of the host.

Peer review

The article contains a few grammatical and formatting errors. The suggested
corrections are listed below in more detail. As a general note, the authors
should remove the deleted portions from their prior draft for the purpose of pre-
sentation.
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