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Abstract: The present study aimed to investigate whether probiotic recovery is affected when
consumed together with antibiotics. Fecal samples were collected from an earlier antibiotic associated
diarrhea, randomized, placebo-controlled study with a product consisting of a combination of
Lactobacillus acidophilus NCFM, Lactobacillus paracasei Lpc-37, and Bifidobacterium lactis Bi-07, B. lactis
Bl-04 at equal numbers and at a total dose of 10'° CFU. Fecal samples were collected during the
screening visit (T0), i.e., at the time of antibiotic prescription, and then on the last day of the antibiotic
treatment (T1) as well as seven days after the subject had stopped taking the antibiotic treatment
(T2) and at two weeks after completing antibiotic treatment and one week after probiotic/placebo
consumption stopped (T3). Samples were analyzed for the presence of the four administered strains.
The study was registered at clinicaltrials.gov as NCT01596829. Detection levels of all four strains
were significantly increased from TO to T1 and returned to baseline level from T2 to T3. There were
also significantly more subjects with detectable levels of L. paracasei Lpc-37, B. lactis Bi-07, and B. lactis
Bl-04 at T1 and T2 compared to T0 and T3, and compared to placebo. Each of the four strains could be
detected in the feces of patients apparently unaffected by the simultaneous consumption of antibiotics.

Keywords: probiotic; Lactobacillus paracasei; Lactobacillus acidophilus; Bifidobacterium lactis; AAD;
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1. Introduction

Antibiotic-associated diarrhea (AAD) is one of the most frequently encountered adverse effects
following antibiotic administration and is the leading cause of diarrhea in hospitalized patients [1].
It is a major public health concern and represents an important source of morbidity and mortality.
The incidence of AAD, as reported in the literature, ranges between 5% and 39% [2,3] and varies
according to individual susceptibility, the environment in which the patient resides, the regimen
of antibiotic use (dose, duration) and the family of antibiotics administered. Risk factors include
age (<6 years and >65 years), comorbidities, immunological status of the patient, the type and
duration of antibiotic administered, along with the duration of hospitalization (2). All classes of
antibiotics can produce AAD, but broad-spectrum antibiotics such as the extended spectrum penicillins,
cephalosporins, and clindamycin have been shown to produce a higher rate of AAD [4]. Probiotics have
been shown to be effective in reducing the risk for AAD and other side effects associated with antibiotic
use [5]. In this study, out-patients with common infections requiring antibiotic treatment were recruited
and randomized to receive a multi-strain probiotic formulation or placebo. The probiotic product has
earlier been shown to reduce the incidence and duration of AAD [6]. The study aimed to recruit 400
patients but was terminated when 258 patients were enrolled due to the low incidence of AAD (1.1%
in the probiotic group and 6.1% in the placebo group; p > 0.05); no Clostridioides difficile-associated
diarrhea was observed. Although the primary aim of the study was thus not met, we here report on
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the fecal detection of the four strains that composed the probiotic formulation to determine if there
was any interaction between the strains in vivo. In an earlier study, we have shown that there does
not appear to be a negative interaction between the components of this multi-strain probiotic in a
simulated colonic microbiota ecosystem [7]. However, an in vivo test on the potential interaction of
strains in a multi-strain probiotic is still lacking. Furthermore, an often-returning question is whether
the probiotics will survive when consumed together with antibiotics. The aim of this study was to
answer these two questions.

2. Materials and Methods

2.1. Study Population

The clinical study was performed to investigate the effect of probiotic supplementation on
reducing the risk for AAD, as well as to assess the response effect of probiotics on the fecal microbiota
and on product safety. The study was a two-arm, parallel group, placebo-controlled, double-blind,
randomized clinical trial, stratified by age (18-49 and 50-65; 50% each), gender (equal numbers male
and female), and number of days on antibiotics (3-8 days or 9-14 days; 50% each). Out-patients with
common infections were recruited if best practice antibiotic treatment for the diagnosed infection
fell into the categories of broad spectrum penicillins (e.g., amoxycillin or ampicillin alone or in
combination with beta-lactamase inhibitors); narrow spectrum penicillins (e.g., isoxazolylpenicillin,
phenoxymethylpenicillin); cephalosporins; doxicyclin (or other tetracyclins); clarithromycin (or other
macrolides, e.g., erythromycin and azithromycin); ciprofloxacin (or other fluoroquinolones, e.g.,
levofloxacin and norfloxacin), nitrofurantoin, trimethoprim, and sulfadiazine, as well as antibiotic
treatment expected to be 3 to 14 days in duration. Patients started the consumption of the investigational
product (i.e., probiotics or placebo) on the same day as the start of their antibiotic treatment and
continued for 7 days with the consumption of the investigational product after the antibiotic treatment
was completed [6]. Patients were instructed to consume antibiotics and probiotics at least 2 h apart.

The investigational product was a combination of probiotics Lactobacillus acidophilus NCFM (ATCC
700396), Lactobacillus paracasei Lpc-37 (ATCC SD5275), Bifidobacterium animalis subsp. lactis Bi-07 (ATCC
SD5220), and Bifidobacterium animalis subsp. lactis Bl-04 (ATCC SD5219) at equal numbers and at a
total dose of 10'° colony forming units (CFU) or placebo. The placebo consisted of microcrystalline
cellulose, which was used as excipient in the probiotic product. Both products were provided in
hydroxypropylmethyl cellulose capsules (size 0).

This human intervention study was conducted according to the guidelines laid down in the
Declaration of Helsinki and all procedures involving human subjects/patients were approved (17
April 2011) by the Ethics Committee of Pirkanmaa Hospital District, Finland (ETL-code R12066),
and registered at clinicaltrial.gov as NCT01596829.

2.2. Sampling

Fecal samples were collected from 96 subjects (50 receiving placebo and 46 receiving the probiotic)
during the screening visit (T0) before the start of the intervention, i.e., at the time of antibiotic
prescription, and then on the last day of the antibiotic treatment +1 day (T1) as well as 7 days after
the subject had stopped taking the antibiotic treatment (T2). A final fecal sample was collected two
weeks after completing antibiotic treatment and one week after finishing the consumption of the
investigational product (T3); Figure 1. Fecal samples were immediately frozen and stored at —18 °C,
or lower, after they had been collected.
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Figure 1. Schematic representation of fecal sample collection and study timeline. TO is baseline, T1 is
at the end of antibiotic treatment, T2 is one week after antibiotic treatment was stopped and the last
day of probiotic supplementation, and T3 is two weeks after antibiotic treatment was stopped and one
week after probiotic supplementation was stopped.

2.3. Extraction and Quantification of Bacterial DNA

The four probiotic strains included in the investigational product were obtained separately from
the supplier (HOWARU® Restore, Danisco Deutschland, Niebiill) as well as the commercial capsules
with their exact probiotic composition. Strain specific qPCR assays were designed and optimized in
order to detect and quantify each strain. Bacterial DNA from the pure single strains as well as DNA
from the fecal sample of the subjects in the clinical trial was extracted and purified with an automated
MagMAX™ Sample Preparation System (Life Technologies, Halle, Belgium), by using the MagMAX™
Nucleic Acid Isolation Kit. The amount of extracted DNA was determined by a Qubit®dsDNA HS
Assay Kit (Thermo Fisher Scientific, Vantaa, Finland).

Each strain-specific DNA was used to verify and validate the accurate qPCR amplification and to
ensure the absence of cross-reactivity of the strains. Primers and probes used are indicated in Table 1.

The PCR reactions were performed on 7500FAST real-time PCR instruments (Applied Biosystems,
Waltham (MA), USA) using the FAST protocols and 2X master mixes for SYBR or Tagman chemistries.
Briefly, thermocycling consisted of a 20 second 95 °C holding stage followed by 40 cycles of 3 seconds
at 95 °C then 30 seconds at primer’s respective annealing temperature. For the B. lactis Bi-07 and B.
lactis BI-04 assays melt curve analysis was included to verify specificity of amplification.

Table 1. gPCR assays used for bacterial quantification.

Species Primer Name Sequence Reference
Bifidobacterium animalis Bl04_for CTTCCCAGAAGGCCGGGT (]
subsp. lactis Bl-04 Bl04_rev CGAGGCCACGGTGCTCATATAGA
Bifidobacterium animalis Blac_CRins_qF CGCCGCTGATTGACCTGTT ) )
subsp. lactis Bi-07 Blac_CRins_qP 5FAM-ACGTGACGAATCATGGGCCGAGGGAT-2BHQ  this manuscript
Blac_CRins_qR TGAGATTGATACCCGTGGCG
Laci_ NCFMM]J_RTfwd CCACGACCAGATGTAACCAA
Lactobacillus acidophilus Laci_NCFM_Rtrev TTAGAAGATGCCAACGTCGAG [9]
NCEM Laci_NCFM._probe 5'HEX TAA GCC GAA-ZEN- CAA TGC TGA AAC GAT
- - 3’'IABKFQ
F_paca_IS ACATCAGTGTATTGCTTGTCAGTGAATAC
Lactobacillus paracasei R_paca_IS CCTGCGGGTACTGAGATGTTTC [10]
P_paca_IS 5" FAM TGCCGCCGGCCAG 3" IBQ

2.4. Statistical Analysis

No power calculation was made for the probiotic strain recovery as it was a secondary end point
in the study.

Samples that had no detectable levels of the tested probiotics were given a value of half of their
detection limit; Log10 1.98 genomes/g feces for L. acidophilus NCFM, Log10 1.99 genomes/g feces for
L. paracasei Lpc-37, Log10 3.085 genomes/g feces for B. lactis Bi-07, and Log10 1.35 genomes/g feces
for B. lactis Bl-04. Differences in L. acidophilus NCFM, L. paracasei Lpc-37, B. lactis Bi-07, and B. lactis
Bl-04 levels over time and between treatments were analyzed by Student’s t-test (Microsoft Excel 365,
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Redmont (WA), USA). As more than 30 observations existed per variable, a normal distribution was
assumed. Data on the presence or absence of detectable levels of the test organisms was calculated by
Fisher’s exact test (GraphPad Prism 8, La Jolla (CA), USA).

3. Results

In the probiotic group, there was an increase in detected L. acidophilus NCFM, L. paracasei Lpc-37,
B. lactis Bi-07, and B. lactis Bl-04 counts over time from baseline (T0) to end of antibiotic treatment (T1).
The counts of L. paracasei Lpc-37, B. lactis Bi-07, and B. lactis Bl-04 increased significantly (p < 0.0001) (see
Figure 2). Moreover, the counts of L. acidophilus NCFM increased significantly (p = 0.026). No change
in counts was observed between end of antibiotic treatment (T1) and end of probiotic treatment (T2)
for any of the strains (see Figure 2). However, from end of probiotic treatment (T2) to end of washout
(T3), counts decreased significantly for L. paracasei Lpc-37, B. lactis Bi-07, and B. lactis Bl-04 (p < 0.0001),
and for L. acidophilus NCFM (p = 0.0003) and returned to baseline levels, Figure 2.

In the placebo group, there was no change in detected for B. lactis Bl-04, B. lactis Bi-07,
and L. acidophilus NCFM-like organisms over time from one time point to the next (see Figure 3).
However, L. paracasei Lpc-37-like organisms increased from end of antibiotic treatment (T1; Log10 5.33)
to end of probiotic treatment (T2; Log10 5.84 genomes/g feces; p = 0.021) and decreased after washout
(T3; Log10 4.29 genomes/g feces; p = 0.0001) (see Figure 3).
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Figure 2. Mean levels (+SE) for Log10 detected genomes per gram feces for the three target strains;
Lactobacillus acidophilus NCFM, Lactobacillus paracasei Lpc-37, Bifidobacterium lactis Bi-07, and B. lactis
BI-04 in the probiotic group for the four sampling times. Where TO = baseline, T1 = end of antibiotic
treatment, T2 = end of probiotic treatment, and T3 = one week after end of probiotic treatment (washout).
* Indicates significant changes from previous time point.

There was no difference between probiotic and placebo groups at baseline (T0) for any of the four
strains (see Figures 2 and 3). For B. lactis Bi-07, B. lactis Bl-04, and L. paracasei Lpc-37, significantly
higher levels were observed in the probiotic group as compared to placebo group for end of antibiotic
treatment (T1; p < 0.0001 for all three) and end of probiotic treatment (T2; p < 0.0001 for all three).
For L. acidophilus NCFM, there was a trend (p = 0.053) for increased levels in the placebo group during
end of antibiotic treatment (T1) and increased (p = 0.001) levels in the placebo group at the end of
probiotic treatment (T2). Only for L. paracasei Lpc-37 there was a difference between placebo and
probiotic after washout (T3), with lower levels for the placebo group (p = 0.0001) (see Figures 2 and 3).
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Figure 3. Mean levels (+SE) for Logl0 detected genomes per gram feces for the target strains;
Lactobacillus acidophilus NCFM, Lactobacillus paracasei Lpc-37, Bifidobacterium lactis Bi-07, and B. lactis
Bl-04 in the placebo group for the four sampling times. Where TO = baseline, T1 = end of antibiotic
treatment, T2 = end of Placebo treatment, and T3 = one week after end of placebo treatment (washout).
* Indicates significant changes from previous time point.

In the probiotic group, the number of subjects with detectable L. paracasei Lpc-37, B. lactis Bi-07 and
B. lactis Bl-04 was a significantly (p < 0.0001) increased from baseline (T0) to end of antibiotic treatment
(T1) and significantly reduced from end of probiotic supplementation (T2), to after washout (T3;
p < 0.0001) (see Table 2). For B. lactis Bl-04, the number of subjects with detectable levels also reduced
significantly (p = 0.03) from end of antibiotic treatment (T1) to end of probiotic supplementation (T2),
Table 2.

In the placebo group, there was no change in number of subjects with detectable levels of
L. acidophilus NCFM, B. lactis Bl-04 and B. lactis Bi-07-like organisms for any of the time points. There
was, however, an increase in subjects with detectable L. paracasei Lpc-37-like organisms from end of
antibiotic treatment (T1) to end of placebo supplementation (T2), there were no changes between other
subsequent timepoints, Table 2.

Table 2. Prevalence of subjects with detectable levels of the studied probiotics; Lactobacillus acidophilus
NCEM, Lactobacillus paracasei Lpc-37, Bifidobacterium lactis Bi-07, and B. lactis Bl-04. Where TO = baseline,
T1 = end of antibiotic treatment, T2 = end of probiotic or placebo treatment, and T3 = one week after
end of probiotic or placebo treatment (washout).

Intervention Group Probiotic (n = 46) Placebo (n = 50)
NCFM  Lpc-37 Bi-07 B1-04 NCFM  Lpc-37 Bi-07 B1-04
TO 4 20 7 5 7 18 2 2
T1 7 423%* 432%* 443%* 9 152 28 42
T2 10 422 402 373% 16 25%% 12 52
T3 3 23** 3#* 4% 6 24 1 4

*p <0.05,** p < 0.0001 compared to previous time point; Fisher’s exact test. # Significantly different (p < 0.0001)
between treatment groups (i.e., probiotic and placebo) for same time point and target organism.

During end of antibiotic treatment (T1) and end of probiotic/placebo supplementation (T2)
significantly more subjects had detectable B. lactis Bi-07, B. lactis Bl-04-like organisms, and L. paracasei
Lpc-37-like organisms in the probiotic group then in the placebo group (p < 0.0001 for both time points
and all three target organisms). There was no difference in number of subjects testing positive for
L. acidophilus NCFM between treatments for any of the time points (see Table 2).
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4. Discussion

A number of studies have documented the detection of an administered probiotic as it transits
the gut, by means of fecal recovery studies. Older studies typically relied upon selective culturing
while more recent studies have employed DNA based techniques. The studies that have reported
on fecal detection are commonly focusing on a single probiotic strain. Studies that have reported on
the fecal recovery of strain combinations have usually focused on strains from different genera, e.g.,
Bifidobacterium and Lactobacillus [11,12]. Here, we report on the detection of two species from two
different genera following their consumption by patients on antibiotic therapy.

Some earlier studies have assessed whether probiotics are detectable in human feces after
consumption by healthy volunteers. The strains included in the current study have all been reported to
survive gastrointestinal transit and have been detected in feces: L. acidophilus NCFM [12,13]; L. paracasei
Lpc-37 [14]; B. lactis Bl-04 [12], and B. lactis Bi-07 [15]. Moreover, other probiotic strains have been
reported to be detected in feces after consumption, e.g., Lactobacillus rhamnosus GG and B. lactis
Bb-12 [11]. It is also commonly observed that probiotics can no longer be detected approximately 1
week after consumption has seized [11].

A background of organisms like the ones consumed was detected by the used primer sets. This is
not uncommon and has been reported in other fecal detection studies, see, e.g., in [11]. However,
after consumption, the levels of these organisms markedly and significantly increased. Further, in the
present study, a background level was detected for strains like the consumed probiotics. Nevertheless,
the levels of the strains were observed to increase significantly and decreased to baseline levels one
week after consumption seized. Moreover, with the exception of L. acidophilus NCFM, the number of
subjects with detectable levels of the strains increased significantly during these periods. The amounts
of the probiotic strains consumed were identical: 2.5 X 10° CFU/strain. Nevertheless, the levels after
end of the antibiotic treatment (T1) and at the end of the probiotic treatment (T2) were different
for the strains, being highest for B. lactis Bi-07 (Log10 8.1 genomes/g feces), lowest for L. acidophilus
NCFM (Log10 5.0 genomes/g feces) and similar for B. lactis Bl-04 (Log10 6.6 genomes/g feces) and
L. paracasei Lpc-37 (Log10 6.8 genomes/g feces). This may indicate that there is a difference in survival
between the strains. However, when tested in vitro, such differences were not observed [7]. The low
detection of L. acidophilus NCFM is difficult to explain, as earlier studies have reported substantially
higher fecal recovery levels: 6.6 and 6.7 Log10 genomes/g feces [12,13]. The number of subjects with
detectable probiotics was similar for L. paracasei Lpc-37, B. lactis Bl-04, and B. lactis Bi-07, but was less
for L. acidophilus NCEM,; this is in line with earlier observations on fecal recovery of these strains in
healthy subjects not consuming antibiotics [9].

The patients were consuming probiotics while on antibiotic therapy. Despite this, the detected
levels in the feces were not different between T1 and T2, and neither were the number of subjects with
detectable strains different between the two periods; with the exception of L. paracasei Lpc-37 which
had reduced numbers from T1 to T2. This is in line with earlier reports [16]. This detection happens
even though the strains are sensitive to the used antibiotic treatments [17].

5. Conclusions

In a four-strain combination of L. acidophilus NCFM, L. paracasei Lpc-37, B. lactis Bi-07, and B. lactis
Bl-04 can be detected in the feces of patients apparently unaffected by the simultaneous consumption
of antibiotics, although at different levels.
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