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Abstract
Background and Objective Probiotics are live microorganisms that may provide benefits including the prevention of gastro-
intestinal disorders and other diseases. Enterogermina is a probiotic mix of spores from four strains of Bacillus clausii (O/C, 
T, N/R and SIN), available in several oral formulations. The objective of this analysis was to evaluate and compare the kinetic 
profiles of different formulations of Enterogermina—vial [E4 once daily (OD) and E2 twice daily (BID)], capsule [EC2 three 
times daily (TID)], oral powder for suspension (ES6 OD) and oral powder not requiring suspension (E6 OD) from two studies 
from 2012 (EUDRACT 2010-024497-19 and 2010-023187-41) and one study from 2016 (EUDRACT 2015-003330-27).
Methods B. clausii spores were counted in homogenised faecal samples (results expressed as counts per gram) or after culture 
at 37 °C for 24–36 h (results expressed as colony-forming units). Kinetics were assessed by area under the concentration–
time curve (AUC), maximum concentration (Cmax), time to maximum concentration (Tmax) and spore presence/persistence.
Results In total, 22 subjects in each of the 2012 studies and 30 subjects in the 2016 study were randomised (mean age 
25.0–33.8 years across studies). The mean (±SD) absolute faecal spore counts (in millions) expressed as AUC per hour were 
270.7 ± 147.7 (E2 BID) and 213.8 ± 60.2 (E4 OD) in 2012 EGKINETIC4, 312.7 ± 218.0 (EC2 TID) and 319.0 ± 221.1 
(ES6 OD) in 2012 EGKINETIC6, and 212.6 ± 118.0 (E6 OD) and 293.2 ± 247.2 (ES6 OD) in 2016 EGKINETIC6OP. 
The kinetic profiles of the different formulations of Enterogermina were similar, with superimposable AUC and daily curve 
profiles in each study up to the 8th day post dose. B. clausii spore presence/persistence in the intestine of healthy volunteers 
did not differ between the two formulations within each of the three studies. Enterogermina was well tolerated across all 
formulations and studies.
Conclusion These results show different formulations of Enterogermina had similar kinetic profiles within each study; how-
ever, they also showed that probiotics could be associated with high variability. The European Medicines Agency guidelines 
are the current bioequivalence reference, although only the Tmax parameter is used for high variability drugs. Due to the 
specific kinetics of probiotics, new parameters of bioequivalence could be necessary, considering, for example, variability 
via a parameter such as AUC.
Trial registration EUDRACT 2010-024497-19, 2010-023187-41 and 2015-003330-27.
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Key points 

Different formulations of Enterogermina show potential 
bioequivalence.

Probiotics can be associated with high kinetic variability.

New parameters could be considered for probiotic spe-
cific bioequivalence guidelines.

1 Introduction

Probiotics are live microorganisms that provide potential 
health benefits including the prevention of various gastroin-
testinal disorders and other diseases [1, 2]. The oral adminis-
tration of probiotics has been shown to improve the balance 
between intestinal permeability and epithelial barrier func-
tion as well as having a direct positive effect on metabolic 
syndrome, atherosclerosis, inflammatory bowel diseases and 
colon cancer [3].

Enterogermina is an oral probiotic product consisting of 
spores from 4 strains of Bacillus clausii (O/C, T, N/R and 
SIN), available in a range of oral formulations. B. clausii 
is a non-pathogenic alkali-tolerant spore-forming aerobic, 
facultative anaerobic Gram-positive strain of bacteria [4, 
5] that can survive transit through the acidic environment 
of the stomach and colonise the intestine even in the pres-
ence of antibiotics [6–8]. Enterogermina has been shown to 
reduce the duration of acute diarrhoea in children older than 
6 months [9] and to reduce the incidence of abdominal pain 
and diarrhoea associated with antibiotic treatment in patients 
of all ages when taken during antibiotic treatment and for 
the following 7–10 days [9]. Enterogermina re-establishes 
the balance of resident flora and can consequently be used 
for the treatment and prevention of intestinal dysbiosis as 
seen during treatment with antibiotics or chemotherapy, or 
in patients with endogenous avitaminosis [9].

Enterogermina has been widely used in Italy since the 
1960s for diarrhoea in children and for managing the side-
effects of antibiotics [10–13]. Recently developed once-daily 
formulations may offer a suitable alternative to the three 
times daily dosage, potentially leading to better compliance 
and adherence to therapy [14].

When probiotics such as Enterogermina are intended for 
use as a drug, they must undergo the same regulatory pro-
cess and analyses. However, probiotics are inherently dif-
ferent to drugs in that they are dynamic living organisms. 
Current parameters for the kinetic analysis of drugs such as 

absorption and release may therefore need to be re-assessed 
and considered within the context of probiotic analysis.

Our objective was to summarise the kinetic profiles of 
different formulations of Enterogermina (vial, capsule, oral 
powder for suspension and oral powder with no need for 
suspension), from three studies undertaken between 2012 
and 2016 (EUDRACT 2010-024497-19, 2010-023187-41 
and 2015-003330-27), which measured the concentration of 
colony-forming units (CFUs) of spores/vegetative forms as 
kinetic parameters as well as the measurement of area under 
the concentration–time curve (AUC), maximum concentra-
tion (Cmax) and time to maximum concentration (Tmax) in 
faecal samples.

2  Methods

2.1  Participants

All studies enrolled male and female Caucasian healthy vol-
unteers aged between 18 and 45 years, with a body mass 
index between 19 and 28 kg/m2, regular bowel movements 
(daily evacuation), and blood pressure, heart rate and labora-
tory parameters within normal limits. Volunteers were also 
required to have a negative pregnancy test and to use highly 
effective contraceptive methods (females).

Volunteers were excluded if they had experienced previ-
ous serious gastrointestinal disease, or if they had received 
antibiotics, probiotics, antacids, proton pump inhibitors or 
prokinetics 2 months prior to the first dose. They were also 
required to have no allergies to foodstuffs or drugs, not to 
be vegetarian, and not to have an abnormal diet of < 1600 
Kcal per day or > 3500 Kcal per day. Volunteers were also 
excluded if they had a history of alcohol or drug abuse, 
smoked > 10 cigarettes per day, had previous serious meta-
bolic, hepatic, renal, pulmonary, or cardiovascular disease or 
any history of epilepsy, asthma, diabetes, psychosis or glau-
coma. They must not have received pharmacological treat-
ment two weeks prior to the first dose (excluding NSAIDs/
oral contraceptives), and must not have tested positive for 
HIV and/or hepatitis B or C.

2.2  Study Design

Three single-centre, comparative, randomised, open-label 
crossover studies were conducted in Italy (see Table 1 
for Enterogermina formulation, spore concentration and 
dose regimen). Each formulation contains all four B. 
clausii strains (O/C, T, N/R and SIN) at the same relative 
concentration.

All studies followed the same design (Fig. 1). Eligible 
subjects entered a screening phase performed within 21 days 
of the first dose. During the last week preceding treatment 
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and for the two study periods, subjects were asked to com-
plete a daily run-in diary in which they reported the num-
ber and time of evacuations and faecal consistency (hard, 
formed/hard, formed/normal, formed/soft; soft, watery, overt 
diarrhoea).

Test and reference products were administered under fast-
ing conditions on the assumption that fasting provides the 
most sensitive environment in which to detect a potential 
difference between formulations. In the first period each 
subject received the selected formulation of Enterogermina 
(assigned according to the randomisation list). The first dose 
of treatment was given before breakfast after fasting from 
midnight for all formulations (OD, BID and TID). The sec-
ond dose was administered before lunch after fasting for at 
least 4 h for BID and TID regimen; the third dose (only 
applicable for TID regimen) was administered before dinner 
after fasting for at least 4 h.

The protocols of the three studies complied with recom-
mendations of the 18th World Health Congress (Helsinki, 
1964) and all applicable amendments. The protocols also 
complied with the laws and regulations, as well as any appli-
cable guidelines from the country where the study was con-
ducted. Informed consent was obtained prior to the conduct 
of any study-related procedures.

2.3  Measurements and Timing

Before the supplementation of Enterogermina, the faeces 
(single faecal sample) of the subjects were analysed at T0 
(time zero) to evaluate the presence of spores and vegeta-
tive cells of B. clausii. After the administration of Enterog-
ermina, the faeces of the volunteers were analysed for the 
presence of spores and vegetative cells (2012 studies only) 
of B. clausii. The subjects collected faeces daily in suitable 
containers and delivered them to the study centre. The sam-
ples were then sent daily (refrigerated but not frozen) to the 
central laboratory by 2.30 pm. The first evacuation of the day 
was considered for analysis for the 2012 studies; however, 
for the 2016 study, samples from all evacuations in the first 
3 days were collected and evaluated.

In order to ensure comparability of faecal microbiota 
within subjects between crossover periods, the pre-dose 
stool samples were matched by polymerase chain reaction 
denaturing gradient gel electrophoresis (PCR-DGGE) as 
previously described [15, 16].

In the first and second study period, subjects were fol-
lowed up to disappearance of B. clausii from faeces for a 
maximum period of 18 days, with a wash-out period of at 
least 7 days in between [17, 18]. A visit took place within 
7–14 days of the end of the second study period. For each 
subject, the study period was stopped early if the daily col-
lection of stools (first evacuation) showed an absence of 
spores or vegetative forms (spores only in the 2016 study).

2.4  Objectives

The primary objective of each of the studies was to describe 
the kinetic profile of bacterial growth of different formula-
tion and dose regimens of Enterogermina. The secondary 
objectives were to evaluate the presence/persistence of B. 
clausii spores in the intestine by bacterial count [spores and 
vegetative forms (2012 studies only)] in faecal recovery of 
the two formulations and to evaluate the safety of each for-
mulation and dose regimen.

2.5  Kinetic Variables

2.5.1  Spore and Vegetative Cell Counts

A faecal sample (1 g) was homogenised in sterile saline (9 g 
NaCl/L) (1:10) and further serial dilutions were performed. 
An appropriate decimal dilution was plated on a blood agar 
base (Oxoid) with 100 µg/mL of erythromycin and the plates 
were incubated in aerobic conditions at 37 °C for 24–36 h in 
order to select for B. clausii vegetative (total) cells [7, 17]. 
The presence of B. clausii spores in faeces was counted by 
the same method after heat shock treatment of the dilutions. 
The results were expressed as CFUs of vegetative cells and 
spores of B. clausii per gram of wet stool. After the count of 
spores and vegetative forms, the faecal samples were stored 

Table 1  Enterogermina formulation, spore concentration and dose regimen

BID twice daily, OD once daily, TID three times daily

Study name Test or reference Oral formulation Spore concen-
tration

Dose regimen Name

2012 EGKINETIC4
(EUDRACT 2010-023187-41)

Test Vial 4 ×  109 OD E4 OD
Reference Vial 2 ×  109 BID E2 BID

2012 EGKINETIC6
(EUDRACT 2010-024497-19)

Test Powder for suspension 6 ×  109 OD ES6 OD
Reference Capsule 2 ×  109 TID EC2 TID

2016 EGKINETIC6OP
(EUDRACT 2015-003330-27)

Test Powder (no suspension) 6 ×  109 OD E6 OD
Reference Powder for suspension 6 ×  109 OD ES6 OD
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at − 20 °C for other potential analysis on intestinal microbi-
ota (non-genomic assessment) that can be performed within 
two years. The AUC and presence/persistence rates were 
calculated for both counts;  Tmax and  Cmax were calculated 
only for the 2016 study (EGKINETIC6OP).

2.6  Treatment‑Emergent Adverse Events (TEAEs)

TEAEs were assigned to a preferred term and were classi-
fied by primary System Organ Class (SOC) according to the 
Medical Dictionary for Regulatory Activities (MedDRA). 
Laboratory and vital signs data were presented as summary 
statistics of values at each visit and changes from screening.

2.7  Statistical Methods

Sample sizes were not calculated on a statistical basis 
due to the explorative nature of the study. No inferential 
analyses were performed on primary and secondary end-
points and treatment groups were compared descriptively 
and graphically. Pre-dose stool samples were matched by 
means of a similarity coefficient (%) from the PCR-DGGE 
analysis without differentiation. Similarity was considered 
maintained if 80–100%; lower results were taken to indicate 
an impairment of the microbiota. The Dice algorithm was 
used as the reference. The concentration of CFUs for spores/
vegetative forms was used to determine kinetic parameters, 
and group-based and subject-based CFU curves were also 
graphically compared after log transformation. AUC 0−t (area 

under the curve from the time of treatment up to the total 
absence of measurable quantities) was calculated per hour 
and expressed in millions for the absolute values using the 
trapezoidal method based on the concentration of CFUs. The 
results of median time of presence/persistence for spores 
and vegetative forms were presented in the form of curves 
calculated using the Kaplan–Meier method and compared 
graphically. A post hoc analysis estimated standard deviation 
(SD) and coefficient of variation within each study.

3  Results

3.1  Subjects

A similar number of subjects was enrolled in each study 
(EGKINETIC4, n = 32; EGKINETIC6, n = 27; EGKI-
NETIC6OP, n = 39). Five subjects failed the screen in 2012 
EGKINETIC4, nine in EGKINETIC6 and 10 in EGKI-
NETIC6OP. In total, 22 subjects in each of the 2012 studies 
and 30 subjects in the 2016 study were randomised. In each 
study, equal numbers of subjects were allocated to the treat-
ment sequence Test→Reference (T→R) or Reference→Test 
(R→T). One subject dropped out from each of the 2012 
EGKINETIC4 and 2016 EGKINETIC6OP studies (see 
Fig. 2 for flow diagram).

The mean participant age was similar in both arms for all 
3 studies with the highest disparity in 2012 EGKINETIC 4 
where subjects had a mean age of 25 years (SD 2.9) in the 

Fig. 1  Study design was the same for all three studies. AE adverse event
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E2 BID-E4 OD arm and 33.8 (SD 6.2) in the E4 OD-E2 BID 
arm. The mean age of the subjects in the other studies fell 
within this range. Slightly more males than females were 
enrolled across all studies (Table 2).

3.2  Analysis of AUC/Spore Count

3.2.1  2012 EGKINETIC4

The mean (±SD) absolute spore count (in millions) 
expressed as AUC per hour was 270.7 ± 147.7 with E2 BID 
and 213.8 ± 60.2 with E4 OD (Table 3). The AUC mean 
after logarithmic transformation is presented in Fig. 3a. The 
mean (±SD) absolute vegetative (total) forms count (in mil-
lions) expressed as AUC was 273.7 ± 155.7 with E2 BID 
and 239.0 ± 95.0 with E4 OD.

3.2.2  2012 EGKINETIC6

The mean (± SD) absolute spore count (in millions) 
expressed as AUC per hour was 312.7 ± 218.0 with EC2 
TID and 319.0 ± 221.1 with ES6 OD (Table 3). The AUC 

Subjects Enrolled:
2012 EGKINETIC4: n=32
2012 EGKINETIC6: n=27

2016 EGKINETIC6OP: n= 39

Screening Failures
(not randomised):

2012 EGKINETIC4: n=10
2012 EGKINETIC6: n=5

2016 EGKINETIC6OP: n=9

Randomised:
2012 EGKINETIC4: n=22
2012 EGKINETIC6: n=22

2016 EGKINETIC6OP: n=30

Test then Reference 
Subjects:

2012 EGKINETIC4: n=11
2012 EGKINETIC6: n=11

2016 EGKINETIC6OP: n=15

2012 EGKINETIC4: n=21
2012 EGKINETIC6: n=22

2016 EGKINETIC6OP: n=29

Did not complete: 

2012 EGKINETIC4: n=1 drop 
out (protocol viola�on)

2016 EGKINETIC6OP: n=1 drop 
out (protocol viola�on)

Reference then Test 
Subjects:

2012 EGKINETIC4: n=11
2012 EGKINETIC6: n=11

2016 EGKINETIC6OP: n=15

Fig. 2  Subject flow

Table 2  Baseline characteristics of study subjects

BID twice daily; OD once daily; TID three times daily
a Data shown for the efficacy sample (excluding subjects who had protocol deviations)
b Data shown for the safety analysis set (all subjects who received at least one dose of study treatment)

Character-
istic 

2012  EGKINETIC4a 2012  EGKINETIC6a 2016  EGKINETIC6OPb

E2 BID→E4 OD E4 OD→E2 BID EC2 TID→ES6 
OD

ES6 OD→EC2 
TID

E6 OD→ES6 OD ES6 OD→E6 OD

(N = 8) (N = 10) (N = 10) (N = 11) (N = 15) (N = 15)

Age, years Mean ± SD 25.0 ± 2.9 33.8 ± 6.2 28.2 ± 6.7 28.0 ± 6.7 30.7 ± 6.8 31.1 ± 7.6
Median 24.5 34.0 27.5 27.0 29.0 30.0
Range 21–30 22–45 22–44 22–41 23–44 22–44

Sex M/F (N, %) M: 5 (62.5%) M: 5 (50.0%) M: 8 (80.0%) M: 7 (63.6%) M: 8 (53.3%) M: 11 (73.3%)
F: 3 (37.5%) F: 5 (50.0%) F: 2 (20.0%) F: 4 (36.4%) F: 7 (46.7%) F: 4 (26.7%)

Ethnicity (N, %)
 Caucasian 8 (100.0%) 10 (100.0%) 10 (100.0%) 11 (100.0%) 15 (100.0%) 15 (100.0%)

Table 3  Mean (± SD) spore 
forms count, AUC for each 
formulation

Spore count in millions; AUC is per hour
AUC  area under the curve; BID twice daily; OD once daily; TID three times daily

Study name Oral formulation Name Mean (± SD) spore forms 
count (millions), AUC 0–t

2012 EGKINETIC4 Vial 4 ×  109 OD E4 OD 213.8 ± 60.2
Vial 2 ×  109 BID E2 BID 270.7 ± 147.7

2012 EGKINETIC6 Powder 6 ×  109 OD ES6 OD 319.0 ± 221.1
Capsule2 ×  109 TID EC2 TID 312.7 ± 218.0

2016 EGKINETIC6OP Sachet 6 ×  109 OD E6 OD 212.6 ± 118.0
Powder 6 ×  109 OD ES6 OD 293.2 ± 247.2
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mean after logarithmic transformation is presented in 
Fig. 3b. The mean (± SD) absolute vegetative (total) forms 
count (in millions) expressed as AUC was 293.7 ± 193.0 
with EC2 TID and 303.8 ± 209.3 with ES6 OD.

3.2.3  2016 EGKINETIC6OP

The mean (± SD) absolute spore forms count (in millions) 
expressed as AUC per hour was 212.6 ± 118.0 with E6 OD 
and 293.2 ± 247.2 with ES6 OD (Table 3). The AUC mean 
after logarithmic transformation is presented in Fig. 3c. The 
mean ± SD values of log-transformed Cmax were similar 

with the two formulations—6.70 ± 0.24 for E6 OD and 6.78 
± 0.44 h for E6S OD. The mean ± SD values of Tmax were 
similar with the two formulations—42.2 ± 22.5 h for E6 OD 
and 46.0 ± 25.6 h for E6S OD.

A superimposable AUC and daily curve profile of spore 
forms was observed with the two formulations in each study 
up to the 8th day post dose.

3.3  Presence/Persistence Analysis

3.3.1  2012 EGKINETIC4

Faecal B. clausii spore counts (in millions) had reduced by 
50% (median presence/persistence) after 7.95 days; 95% CI 
6.00–8.00 with E2 BID and 8.40 days; 95% CI 6.00–9.40 
with E4 OD. There were no differences between the two 
formulations in the presence/persistence distribution func-
tion of spores (Fig. 4a).

3.3.2  2012 EGKINETIC6

The median presence/persistence was 9.10 days; 95% CI 
6.10–10.50 with EC2 TID and 8.20 days; 95% CI 6.50–11.50 
with ES6 OD. There were no differences between the two 
formulations in the presence/persistence distribution func-
tion of spores (Fig. 4b).

3.3.3  2016 EGKINETIC6OP

The median presence/persistence was 11.0 days; 95% CI 
8.0–13.0 days with R→T and 10.0 days; 95% CI 6.0–15.0 
days with T→R. There were no differences between the two 
formulations in the presence/persistence distribution func-
tion of spores (Fig. 4c).

In both treatments periods for each study, the presence/
persistence distribution function was comparable between 
the two studied formulations and the Kaplan–Meier curves 
provided evidence of the progressive drop of faeces from 
Day 8 onwards.

3.4  Adverse Events

TEAEs by MedDRA SOC are shown in Table  4 (see 
Table S1 for TEAE MedDRA preferred terms). As there 
were no treatment-related adverse events in any subject, no 
serious TEAEs and none of the TEAEs led to premature 
study discontinuation, all formulations were therefore con-
sidered well-tolerated. In addition, TEAEs showed no clear 
time relationship with study treatment, were of mild or mod-
erate intensity and resolved at follow-up.

Fig. 3  Mean spore forms count (after log transformation) over 18 
days after Enterogermina treatment. a 2012 EGKINETIC4, b 2012 
EGKINETIC6, c 2016 EGKINETIC6OP
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3.5  Post Hoc Analyses (Variability)

A post hoc analysis was undertaken to estimate the SD 
and coefficient of variation within each B. clausii study 
(Table  S2). These results show a high variability of 
21–61.6% for AUC spore counts (2012 EGKINETIC4 E2 
BID vs E4 OD, SD within 0.21, coefficient of variation 
21.15; 2012 EGKINETIC6 E2 TID vs E6 OD, SD within 
0.57, coefficient of variation 61.60; 2016 EGKINETIC6OP, 
SD within 0.37, coefficient of variation 38.70). The variabil-
ity ranged from 23–61.9% for AUC vegetative counts and 
was 35% for AUC Cmax.

4  Discussion

Enterogermina products have been available on the market 
for several years as vials of oral suspension and hard gelatine 
capsules both containing 2 billion spores of B. clausii taken 
three times daily. More recent formulations include vials 
containing 4 ×  109 B. clausii spores and powder sachets of 6 
×  109 B. clausii spores for oral suspension, both suitable for 
once-daily administration. In comparison to three times daily 
dosing, these formulations may lead to better compliance 
and adherence to therapy [14]. Evidence in the literature 
suggests that differences in delivery method and frequency 
of administration of probiotics can impact the effectiveness 
and are recognised by patients as important factors [19, 20]. 
Availability of once-daily dose formulations may increase 
adherence to medication.

This analysis summarises the kinetic profiles of the dif-
ferent formulations of Enterogermina (vial, capsule, oral 
powder for suspension and oral powder with no need for 
suspension), from three studies undertaken between 2012 
and 2016, and brings new information to an area where the 
number of bioequivalence studies is small and information 
on kinetic profiles of probiotics limited. In the three studies 
presented, the kinetic profiles of the different formulations 
of Enterogermina were similar, with superimposable AUC 
and daily curve profiles of spore forms observed with the 
two formulations in each study up to the 8th day post dose. 
The presence/persistence profile of B. clausii spores in the 
intestine of healthy volunteers did not differ between the 
two formulations within each of the three studies. In terms 
of adverse events, laboratory parameters and vital signs, 
Enterogermina formulations were well tolerated across all 
formulations and studies.

Thus, in addition to describing the kinetic profiles of 
different Enterogermina formulations, this analysis may 
indicate possible bioequivalence of these formulations. In 
the absence of probiotic-specific bioequivalence guide-
lines or established methodology based on measurement 
of faecal samples, there is a strong case for adapting the 
2010 EMA drug bioequivalence guidelines [21]. The EMA 
guidelines state that bioequivalence is demonstrated when 
drugs are ‘pharmaceutically equivalent or pharmaceutical 
alternatives and their bioavailabilities (rate and extent) 
after administration in the same molar dose lie within 
acceptable predefined limits’ [21]. Acceptance ranges for 
AUC are set to ensure comparable in vivo performance, 
i.e., similarity in terms of safety and efficacy. They also 
state that the acceptable predefined limits could be adapted 
(at least for  Tmax) for high-variability products. The results 
of our post hoc analysis (Table S1) showed that probiot-
ics may have variability > 30%, which is commonly used 
as the threshold for high variability. The reasons for the 

Fig. 4  Kaplan–Meier curves showing faecal Bacillus clausii counts a 
2012 EGKINETIC4, b 2012 EGKINETIC6, c 2016 EGKINETIC6OP
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high variability of probiotics may include the nature of 
the products, the type of sampling used (in this case, fae-
cal samples), and the potential effect of formulation (cap-
sules/vials). It is also important to note that the methods 
reported here evolved over time; for example, the par-
ticipants of the 2016 study were hospitalised for the first 
3 days for the collection of all evacuations, whereas the 
participants of the 2012 studies were not hospitalised, and 
a single daily measurement was used to describe overall 
CFUs. Bearing in mind the high variability of probiotics, 
future bioequivalence studies will require a significantly 
larger sample size, which can present ethical difficulties 
and may be associated with a high cost.

Here, we have described an initial method for the com-
parative presence of probiotic spores. An issue inherent to 
probiotic kinetic analysis is the need for the measurement of 
faecal samples. A decreased spore count in faeces could be 
due to spore death, spore germination or both. The inclusion 
of vegetative forms in the total cell count overcomes this 
effect to some extent; however, without heat treatment, a 
heterogeneous mixture of bacterial species can result. These 
complications can begin to be addressed in subsequent itera-
tions of the methods.

As such, the question for the future is how bioequiva-
lence should be evaluated for probiotics. In particular: (1) 
For kinetic parameters based on spore counts in faecal 
samples, should the same range of acceptance be used as 
defined for drug concentrations in blood samples? (2) Would 
loosening the acceptance range for all kinetic parameters in 
order to establish bioequivalence be acceptable (especially 
in Europe, where requirements to establish bioequivalence 
of drugs are more stringent compared with other countries 
worldwide)? (3) In the EMA guidelines, AUC and Tmax need 
to be equivalent to confirm a bioequivalence between prod-
ucts. However, is Tmax relevant as a parameter for probiotics, 

and could bioequivalence be demonstrated based only on 
the AUC?

5  Conclusion

Different formulations of Enterogermina were very similar 
in terms of kinetic profile within each study. The variety 
of doses and administration schedules used in these studies 
may provide additional flexibility to individuals with differ-
ent lifestyles. Assessing bioequivalence for probiotics may 
be challenging and is not covered in current guidelines. This 
study provides initial ideas that may pave way to the devel-
opment of probiotic-specific guidelines on bioequivalence.

Supplementary Information The online version contains supplemen-
tary material available at https ://doi.org/10.1007/s1331 8-021-00676 -2.
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