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Probiotics are known to reduce antibiotic associated diarrhea (AAD) and Clostridium difficile associated
diarrhea (CDAD)risk in a strain-specific manner. The aim of this study was to determine the dose-response
effect of a four strain probiotic combination (HOWARU® Restore) on the incidence of AAD and CDAD and
severity of gastrointestinal symptoms in adult in-patients requiring antibiotic therapy. Patients (n=503)
were randomized among three study groups: HOWARU® Restore probiotic 1.70 x 10'° CFU (high-dose,
n=168), HOWARU® Restore probiotic 4.17 x 10° CFU (low-dose, n=168), or placebo (n=167). Subjects

Key W?rd,s" . . were stratified by gender, age, and duration of antibiotic treatment. Study products were administered
Antibiotic associated diarrhea . o . X -
Probiotics daily up to 7 days after the final antibiotic dose. The primary endpoint of the study was the incidence of

AAD. Secondary endpoints included incidence of CDAD, diarrhea duration, stools per day, bloody stools,
fever, abdominal cramping, and bloating. A significant dose-response effect on AAD was observed with
incidences of 12.5, 19.6, and 24.6% with high-dose, low-dose, and placebo, respectively (p=0.02). CDAD
was the same in both probiotic groups (1.8%) but different from the placebo group (4.8%; p=0.04). Inci-
dences of fever, abdominal pain, and bloating were lower with increasing probiotic dose. The number of
daily liquid stools and average duration of diarrhea decreased with higher probiotic dosage. The tested
four strain probiotic combination appears to lower the risk of AAD, CDAD, and gastrointestinal symptoms
in a dose-dependent manner in adult in-patients.

Dose response
Lactobacillus acidophilus
Lactobacillus paracasei
Bifidobacterium lactis

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction Specific probiotic strains have been shown to have various ben-

eficial health effects [8-11]. Recent meta-analyses concluded that

Antibiotics have provided great medical benefits and have
enabled the control of numerous infectious diseases. However, the
use of antibiotics may be accompanied by gastrointestinal distur-
bances; most notably antibiotic-associated diarrhoea (AAD)[1].The
incidence of AAD ranges between 5 and 39% and varies according
to individual susceptibility, the patient environment, and the class
of antibiotics administered [2,3].

While AAD can be caused by multiple pathogens and has multi-
factorial etiology, between 10 and 25% of all episodes of AAD, and
virtually all those seen in antibiotic-induced pseudo-membranous
colitis, are caused by C. difficile [4,5]. Incidence rates and propor-
tion of severe cases of C. difficile-associated diarrhea (CDAD), and
associated mortality, are on the rise [5-7].
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probiotics produced relative risk reductions of 44-57% for AAD and
41-71% for CDAD |[3,10,12]. Specific probiotics, therefore, seem to
be promising as an adjunct to antibiotics to reduce the risk of AAD.
Although several studies of specific probiotics against AAD exist,
there is currently only one dose-response study comparing 5 and
10 x 1010 CFU; that is limited to elderly [13]. The primary objec-
tive of the present study was therefore to investigate the effect of
a specific combination of probiotic strains, which has earlier been
shown to stabilize the intestinal microbiota [14], on the incidence
of AAD at two different doses (4.7 x 10° and 1.70 x 10!° CFU) in
a hospital setting in adults aged 30-70. The secondary objectives
were to investigate their influence on the severity and duration of
AAD and CDAD.

2. Methods

All research procedures were in strict accordance with a
pre-defined protocol and were registered at clinicaltrials.gov
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Table 1
Inclusion and exclusion criteria.
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Inclusion criteria

Exclusion criteria

Males and females
Age 30-70 years

Prescribed antibiotic therapy for a
minimum of 3 days and a
maximum of 14 days

Expected to remain hospitalized
for a minimum of 5 days

Subjects who have received less
than 36 h of antibiotic therapy

Informed consent obtained after
verbal and written information

Subjects having a telephone
available (mobile, work, home)

Subjects having a refrigerator at
home

Pregnant or breastfeeding women
Subjects presenting with active
diarrhea (3 or more liquid stools
per 24-hour period).

Subjects with a history of daily
consumption of probiotics,
fermented milk and/or yogurt
Subjects known to have shown a
previous reaction, including
anaphylaxis, to any substance in
composition of the study product
Subjects presenting with an active,
non-controlled intestinal disease
such as Crohn’s disease or
ulcerative colitis

A previous documented C. difficile
infection <3 months prior to study
initiation

Ostomised subjects; parenteral
nutrition users

Subjects on an immunosuppressive
therapy, or any health condition

causing immunosuppression
(including hematological
malignancies, AIDS)

Ongoing or recent use of antibiotic
therapy in the 30 days prior to the
study product first administration
Subjects with planned
administration of antibiotics other
than broad-spectrum penicillin,
cephalosporin or clindamycin for
the treatment of an infection
Subjects with concomitant
participation in another clinical
trial

Subjects who are not likely to
comply with study requirements
Subjects with self-reported lactose
intolerance

(NCT01143623). The study was reviewed and approved by the
Shanghai Nutrition Society and conducted in accordance with the
declaration of Helsinki. The CONSORT Statement for randomized
trials served as a template for reporting this clinical study [15].

3. Study design

The study was a triple-blind, randomized, placebo controlled,
dose-ranging study with a 1:1:1 allocation ratio among three par-
allel study groups. Subjects were equally stratified by gender, age
(30-49 years and 50-70years) and duration of antibiotic treatment
(3-8 days and 9-14 days).

4. Study volunteers

Subjects were recruited at Changhai Hospital (Shanghai, China)
and were hospitalized for various diseases requiring antibiotic ther-
apy. Subjects were evaluated for eligibility based on pre-defined
inclusion and exclusion criteria (Table 1) and were asked to sign
the informed consent form. Subjects were subsequently random-
ized and received both antibiotics and one of the 3 study products.
Baseline characteristics are shown in Table 2.

5. Study products

The probiotic study products marketed as HOWARU® Restore,
consist of equal amounts of Lactobacillus acidophilus NCFM® (ATCC

Table 2

Baseline subject characteristics.
Characteristics Placebo High dose Low dose

(n=167) (n=168) (n=168)

Days on antibiotics
3-8 days 84 (50.3%) 4 (50.0%) 84 (50.0%)
9-14 days 83 (49.7%) 84 (50.0%) 84 (50.0%)
Male gender 84 (50.3%) 4 (50.0%) 84 (50.0%)
Current smoker 56 (33.5%) 50 (29.8%) 3(31.5%)
Age; years*® 50.0+11.0 50.5+11.0 49 3+114
Diastolic pressure; mm Hg?  77.5+8.1 77.0+6.5 76.6 +£6.6
Systolic pressure; mm Hg? 127.0+10.9 127.5+105 125.9+10.6
BMI; kg/m?? 233425 233+24 234425
Antibiotics administered
Broad spectrum penicillin 43 (25.8%) 43 (25.6%) 47 (28.0%)
Cephalosporin 100 (59.9%) 92 (54.8%) 90 (53.6%)
Clindamycin 24 (14.4%) 33(19.6%) 31(18.5%)

Underlying disease

Respiratory tract infection 75 (44.9%) 71 (42.3%) 67 (39.9%)
Urinary tract infection 53 (31.7%) 66 (39.3%) 54 (32.1%)
Prophylaxis before/after 39(23.4%) 31(18.5%) 47 (28.0%)
surgery

2 Mean +SD.

700396), Lactobacillus paracasei Lpc-37 (ATCC SD5275), Bifidobac-
terium lactis Bi-07 (ATCC SD5220), and Bifidobacterium lactis Bl-04
(ATCC SD5219), and were supplied in size 0, V-caps capsules (Cap-
sugel, Peapack, NJ, USA) by Danisco USA, Inc. (Madison, Wisconsin,
USA).

The capsules contained the probiotic combination at either a
low-dose: 4.17 x 10° colony forming units (CFU) or high-dose:
1.70 x 101% CFU or placebo. The excipient used to adjust bacte-
rial counts and to serve as placebo was micro crystalline cellulose
(Tabulose Type 132, Blanver, Tabodo da Serra, Sdao Paulo, Brazil)
containing 0.5% (w/w) Syloid 63FP Silicon Dioxide A (W.R. Grace &
Co., Columbia, MD, USA) as flow aid. All products were stored refrig-
erated at the study site until time of use and were refrigerated by the
participants throughout supplementation. No significant reduction
in viable counts was observed during the study.

6. Intervention

The study product was administered daily, approximately 2 h
after breakfast and antibiotic, for 10-21 days, depending on length
of antibiotic administration (study product was consumed until
7 days after the last antibiotic, Fig. 2). The investigators followed
subjects via a weekly telephone call for four weeks after finishing
the antibiotic course, to inquire about concomitant medications,
incidence/continuation of diarrhea, adverse events and compliance
with study product. Subjects who developed diarrhea after dis-
charge from hospital were asked to provide a stool specimen for
C. difficile testing.

7. Outcomes

The primary outcome of the study was AAD incidence, defined as
three or more liquid stools (Bristol Stool Chart Type 7) in a 24-hour
period, and was confirmed by two physicians.

Secondary outcomes were CDAD incidence determined by test-
ing stool samples from subjects with 2 or more liquid stools in a
24-hour period; the C. difficile test was conducted using a stool sam-
ple from the second diarrhea stool. Stool samples were tested for
the presence of C. difficile using the Triage Micro C. difficile Panel
(Biosite Inc. San Diego, USA). Cytotoxicity testing was performed
on all specimens tested by triage that were antigen positive and
toxin A negative. Detection of cytotoxin (Tox B) was performed by
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cell culture. A stool sample was considered C. difficile positive if it
was antigen positive with either toxin A and/or toxin B [16]. Dura-
tion of diarrhea was determined by the number of continuous days
of diarrhea. Mean number of liquid stools was determined by the
sum of liquid stools in the AAD episode, divided by the duration of
diarrhea in days, the last passed stool with Bristol scale 7 was taken
as the end of AAD.

While in hospital, data were recorded on case report forms
(CRFs) by the clinician or research nurse; visual examination of lig-
uid stools for the presence of blood, oral fever >38 °C, and presence
of painful abdominal cramps, bloating, and constipation. Subjects
who had not completed their full antibiotic treatment and/or study
product during their stay in the hospital received the appropriate
amount of each to complete treatment on an outpatient basis. Sub-
jects were supplied with diary cards and instructed by the physician
to record daily self-administration of the antibiotic and study prod-
uct and to record any diarrhea, number of liquid stools per day,
presence of blood in stools, painful abdominal cramping, soft stools,
bloating, and constipation. After diary cards were returned by the
subject, the research nurse transferred this information to the CRF.

8. Sample size

Sample size was calculated to detect a decreasing trend in the
proportion of subjects with AAD with increasing probiotic dose:
placebo (AAD incidence assumed to be 25%), low-dose probiotic
(AAD incidence assumed to be 20%), and high-dose probiotic (AAD
incidence assumed to be 10%). The study also had sufficient power
to detect a trend in the proportion of subjects with CDAD (placebo
incidence assumed to be 15%, low-dose probiotic incidence 10%,
high-dose probiotic incidence 3%). Assuming 90% power and 2-
sided alpha=0.05, 145 evaluable subjects per group (435 total)
were needed. Due to an anticipated 18% attrition rate, a total of
510 volunteers (170 per group) were enrolled. Sample size was
calculated according to Mehta and co-workers [17].

9. Randomization

Randomization was pre-stratified by age (30-49 and 50-70
years), antibiotic treatment duration (3-8 and 9-14 days) and gen-
der, and was implemented using a permuted block design, to ensure
balanced subject allocation to the three study groups. Subjects were
randomly allocated to one of the three treatment groups within
their appropriate strata, using computer-generated randomization
lists. Study products were distributed in bottles containing 25 cap-
sules; the bottles were individually labeled with unique subject ID
numbers and were provided to the site by the sponsor.

10. Statistical methods

Statistical analyses were performed on an intention to treat (ITT)
basis. Variables in the initial descriptive and univariate analyses
included baseline demographic data and subject characteristics,
current smoking status, outcome variables including incidence of
AAD and CDAD, and expected side effects including constipation,
bloating, and soft stool (Bristol stool chart Type 5 and 6). Variables
addressing AAD severity included each component of the severity
indicator; presence of blood in liquid stools, fever, painful abdom-
inal cramps, duration of diarrhea, and average number of liquid
stools per day. Positivity for presence of C. difficile was examined.

Compliance with study treatment was evaluated using one-way
analysis of variance (ANOVA) by calculating, for each subject, the
percentage of intended product actually taken. Incidence of AAD
and C. difficile were summarized as frequencies and percentages
by study group, number of days on antibiotics, age, and gender.

2049 assessed for eligibility

503
Randomized

168 168
High dose Low dose

1lost to 11 lost to
follow-up follow-up
12 withdrew 1 withdrew 11 withdrew
consent consent consent
3 consumed 5 consumed 2 consumed
yogurt yogurt yogurt
1death
146 144

completed completed

167
Placebo

6 lost to
follow-up

160
completed

Fig. 1. CONSORT patient flow diagram. Low dose; 4.17 x 10° CFU probiotics, high
dose 1.70 x 10'° CFU probiotics.

Univariate comparisons among test products were conducted using
chi-square test or Fisher’s exact test, as appropriate.

Multivariate comparisons of AAD and CDAD incidence by prod-
uct group were made using logistic regression analyses to adjust for
age, number of days on antibiotics, type of antibiotics, number of
days on study product, number of hospital days, gender, body mass
index (BMI), and reason for antibiotic prescription. Because age and
the number of days on antibiotics are continuous but were pre-
stratified into 2 categories for randomization purposes, the logistic
regression model was built both ways, with the 2 variables being
treated as either continuous or categorical.

A likelihood ratio model and Cochran’s test of linear trend
assessed dose-response effects of placebo and 2 levels of active
study product on incidence of AAD and CDAD, and also to evalu-
ate the effects of placebo and 2 dose levels of active product on side
effects.

For continuous variables describing AAD severity, data were
analyzed using ANOVA. A least significant difference (LSD) pair-
wise group comparison assessed treatment effect on diarrhea
duration and average number of liquid stools, while adjusting the
overall alpha level for multiple comparisons.

Statistical analyses were performed using SAS software (Version
9.1, SAS Institute, Inc., Cary, NC, USA) and BMDP software (Version
8.2, Statistical Solutions, Saugus, MA, USA).

11. Results
11.1. Recruitment and subject disposition

Between June and October 2010, 2049 subjects were assessed
for eligibility. Of these, 503 were enrolled and randomized: 167
to placebo and 168 to each probiotic treatment (Fig. 1). Main rea-
sons for non-inclusion were: lactose intolerance (26.5%), regular
use of pre- and probiotic products (25.2%), not willing to partici-
pate (18.4%) and prescription of other antibiotics then defined in
the inclusion/exclusion criteria (13.8%).

Subject attrition rates were significantly different between the
groups (p=0.010). The high-dose group (4.8%) had fewer drop outs
then the low-dose (14.3%; p=0.0048) and fewer drop outs then the
placebo (12.6%; p=0.0118), Fig. 1. Compliance was excellent (>99%)
in all groups.
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Antibiotic (3-14 days)
Study product {(3-14 + 7 days)
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Fig. 2. Time line of study activities.
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Fig. 3. Antibiotic-associated diarrhea (AAD) incidence by study group. Low dose
4.17 x 10° colony forming units (CFU), high-dose: 1.70 x 10'° CFU, placebo: micro-
crystalline cellulose.

12. Efficacy outcomes
12.1. Antibiotic-associated diarrhea

The highest AAD incidence was observed in the placebo group
(24.6%), lowest in the high-dose group (12.5%), and intermediate in
the low-dose group (19.6%), Fig. 3. Treatment effect on AAD inci-
dence was significant (p=0.02). The placebo group distinguished
itself from the high-dose group (p=0.005), while no significant
effect was observed for placebo vs. low-dose (p=0.28) or high-
dose vs. low-dose (p=0.08). A linear trend was identified between
increasing dose of study product and decreasing incidence of AAD
(p=0.005).

AAD incidence rates were higher (p=0.004) among older sub-
jects then among younger subjects (12.3% vs. 6.6%) and higher
(p<0.001) in subjects with longer exposure to antibiotics (13.5%
vs. 5.4%).

After adjustment for covariates (gender, age, and days of antibi-
otic use), high-dose probiotic decreased the odds of AAD incidence
to 0.39 of the placebo product (95% CI: 0.21-0.72; p=0.003); while
the low-dose decreased to 0.72 (95% Cl: 0.41-1.25) vs. Placebo,
p=0.24. The odds of younger subjects developing AAD was 0.46
(95%CI 0.28-0.75, p=0.002) compared to older subjects. For each
one-unit increase in BMI (as measured at baseline), the odds of
AAD incidence (vs. non-presence) decreased 0.90 fold (95% CI:
0.81-0.99; p=0.04).

12.2. Clostridium difficile-associated diarrhea

The CDAD incidence was highest in the placebo group (4.8%)
and identical with high-dose and low-dose groups (1.8%) (p=0.04
among groups). The comparison of placebo vs. high-dose for inci-
dence of CDAD was statistically significant (p =0.02). Although both
high-dose and low-dose groups had the same incidence of CDAD
the low-dose had more cases of AAD, therefore no significant dif-
ference in CDAD incidence compared to placebo was observed
(p=0.25).

Logistic regression adjusted for covariates identified that taking
the high-dose product tended (p=0.098) to decrease the odds of
CDAD incidence to 0.29 of the placebo product (95% CI: 0.07-1.25).

Younger subjects had only 0.15 (95% CI 0.03-0.72) of the odds of
older subjects for CDAD (p =0.018). Shorter exposure to antibiotics
tended (p=0.082) to be associated with an odds of 0.13 (95% CI
0.01-1.30) for CDAD of longer exposure.

13. Number needed to treat (NNT)

In order to prevent one case of AAD the NNT with high dose
product was 8.4. To prevent one case of CDAD, the NNT with high-
dose product was 33.6.

14. Diarrhea-associated symptoms

Fever rates differed significantly between the groups (p=0.04,
Table 3), being significantly lower in the high-dose group (1.88%
p=0.02) compared to placebo (8.2%) with a trend (p = 0.09) for fewer
cases of fever in the low-dose group (3.5%). A significant linear trend
was observed (p=0.011) for increase in fever rate across treatment
groups, which was confirmed by the likelihood ratio test for dose
response effect (p=0.034).

Abdominal pain differed significantly between the groups
(p<0.001). Fewer subjects in the high-dose group abdominal pain
(2.5%; p<0.001) then in the placebo group (19.2%), as well as
compared to the low-dose (13.9%; p=0.001). When considering
diarrhea cases only, similar differences were seen; the high-dose
group had significantly few cases (19.1%) of abdominal pain then
placebo (71.1%; p=0.001) and a trend for fewer cases compared
to low-dose (61.3%; p=0.010). A strong linear trend was observed
(p<0.001); also the likelihood ratio test indicated a dose-response
effect (p<0.0001).

The average number of liquid stools (Table 3) was reduced from
2.2 (SD=1.1) in the placebo group to 1.7 (SD=0.6) in the high-
dose group (p=0.034) and to 2.0 (SD=0.9) in the low-dose group
(p=0.04). There was no difference in the average number of liquid
stools between the two doses tested.

Diarrhea duration (Table 3) was reduced from 5.4 days (SD=1.8)
in the placebo to 2.6 days (SD =0.93) in high-dose group (p <0.001)
and to 3.5 days (SD=1.3)in the low-dose group (p <0.001). Diarrhea
lasted significantly shorter in the high-dose group as compared to
the low-dose group (p=0.03).

Bloating was significantly different between the treatment
groups (p=0.03, Table 3). Bloating in the high-dose group was
reduced (1.3%) compared to the placebo group (7.5%; p=0.01) and
a linear trend indicated significance (p=0.008). Also the likelihood
ratio test indicated a dose response effect (p=0.02).

Soft stool was reported by 89 subjects, with no difference
between the treatment groups (p=0.17). A linear trend (p=0.06)
was identified, though the likelihood ratio test did not indicate a
significant dose response (p=0.16).

14.1. Safety outcomes

The adverse event rate in the placebo, high-dose, and low-
dose group was 7.2%, 4.2%, and 4.2%, respectively. Adverse events
reported included: allergy to seafood (2), arrhythmia (2), fever
(10), headache (2), left upper arm fracture (1), runny nose (4), and
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Table 3
Severity of diarrhea-associated symptoms, for the whole study group and diarrhea cases only.
Variable Placebo High-dose Low-dose p-value
Total population n 167 168 168 Fisher’s exact test
Fever (>38°C) 12 (8.22%) 3(1.88%) 5(3.47%) 0.035
Blood in stool 3(2.05%) 0(0.00%) 1(0.69%) 0.133
Abdominal pain 28(19.18%) 4 (2.50%) 20 (13.89%) <0.001
Constipation 0 (0.00%) 0 (0.00%) 0(0.00%) -
Bloating 11(7.53%) 2(1.25%) 5(3.47%) 0.029
Soft stool 36 (22.60%) 23 (14.38%) 30 (18.75%) 0.168
Diarrhea cases n 41 (24.6%) 21(12.5%) 33(19.6%) One-way ANOVA
Number of liquid stools (mean & SD) 2.24+1.07 1.71+0.64 1.97+0.86 <0.001
Duration of diarrhea (Days, mean £ SD) 537+1.77 2.57+0.93 3.45+1.28 0.041

vomiting (4). One serious adverse event was reported during the
study. A 38-year-old male with a history of coronary heart disease
died of a myocardial infarction. No adverse events were judged by
the investigators to be related to the study product.

15. Discussion

Diarrheas have been an early target for probiotic treatment, and
various meta-analyses have indicated that many probiotics reduce
theincidence of AAD [3,10,12]. The present study shows a reduction
in the incidence, duration, and severity of AAD and some associated
symptoms; in a dose dependent manner. The study also indicates
a reduction in CDAD incidence.

The overall incidence of AAD in the current study was 18.9%
and in the placebo group 24.6%. This is much in line with what
has been reported earlier: 2-29% [3,18], depending on the antibi-
otic used. The CDAD incidence was 2.8% overall and 4.8% in the
placebo group; which is lower then what has been reported ear-
lier: 10-50% [18-20]. Drop outs were least in the high-dose group;
this was mainly due to more subjects being lost to follow up and
withdrawing consent (Fig. 1). One could speculate that since the
lower dose and placebo were less effective hence fewer volunteers
were motivated to continue.

The incidence of AAD was found to be higher in older subjects; an
observation that has been made before [18,19]. Also, longer expo-
sure to antibiotics increases the AAD risk [2], as was the case in the
current study, although this effect was not significant after adjust-
ment for treatment group and age group. The observation that an
increase in BMI reduces the risk for AAD is new, to our knowledge.
It should, however, be noted that the subjects had a BMI in the
normal range.

In the present study; the higher of the 2 doses of probiotics was
able to reduce the incidence of AAD from 24.6 to 12.5%; i.e., almost
half, with a NNT of 8.4. This range of reduction is similar to what
has been reported in the various meta-analyses: relative risks of
0.43[3],0.51[12],0.53[19],and 0.58 [10] and a NNT of 8. Similarly
for CDAD; the high-dose was found to be associated with a sig-
nificant reduction in incidence compared to placebo: 1.8% vs. 4.8%
respectively, with a NNT of 33.6. This reduction is comparable to
the relative risks observed by Hempel et al. [10], relative risk 0.29,
and McFarland [3], relative risk 0.59.

Abdominal pain was reduced only in the high-dose group,
when focusing on the diarrhea cases only, the low-dose group
also showed a trend for reduced abdominal pain. This reduction in
abdominal pain is interesting, as L. acidophilus NCFM®, one of the
probiotic components in the tested preparation, has earlier been
shown to increase the pain threshold in rats by inducing the expres-
sion of w-opioid and canabinoid 2 receptors [21]. Both average
number of liquid stools and average duration of diarrhea were sig-
nificantly reduced by both the high and the low dose as compared
to placebo.

Bloating was significantly reduced by the high dose compared
to placebo. This is of interest as the combination of L. acidophilus

NCFM® and B. lactis Bi-07, which are both included in the tested
product, has been observed to reduce bloating in subjects func-
tional bowel disorders [22].

The present study was designed to examine dose-response. In
general, the higher dose tested performed better then the low dose
for most endpoints, also those that did not reach statistical sig-
nificance. This is in line with earlier reports, in which high doses
have been suggested to be more efficacious in the prevention of
AAD [3,23]. A recent dose-response study with a probiotic combi-
nation (L. acidophilus CL1285® and Lactobacillus casei LBCSOR®) also
demonstrated dose-response effects for various symptoms of AAD
in elderly subjects [13]. In contrast to our study, the lower dose in
this study was able to significantly reduce both AAD and CDAD. The
doses used in that study were, however, considerably higher than
those used in our study.

The present study is one of the largest studies with probiotics
and AAD and is the only dose-response study with probiotics on
AAD in adults. The results indicate that the higher tested dose of
the HOWARU® Restore probiotic combination is more efficacious
then the lower dose in reducing AAD symptoms, duration, and inci-
dence in a hospital setting. Nevertheless, the results should not be
interpreted that a higher dose is always superior for any probi-
otic strain (combination) and any health target; that remains to be
determined in more detail
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