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From cholera to food poisoning: exploring the 2
antidiarrheal activity of a multi-species water-
based probiotic product
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Abstract

Diarrheal diseases are a leading cause of morbidity and mortality worldwide. Given the rising prevalence of
antimicrobial resistance among causative diarrheal pathogens, there is an increasing imperative to explore
alternative therapeutic strategies. In this study, the potential of Symprove™ (a water-based probiotic product)
against diarrheal pathogens, V. cholerae, E. coli, S. aureus, and L. monocytogenes was evaluated. Investigations

were carried out using isothermal microcalorimetry and colony counting. The experimental setup consisted of
individual cultures and co-incubations of the pathogens and probiotic formulation. Growth curves were obtained
for all setups using a thermal activity monitor, and colony counts were performed after 24-48 h for both probiotic
organisms and pathogens. The growth curves obtained revealed that co-incubation of E. coli and S. aureus with
the probiotic formulation showed a slightly delayed onset of growth for the pathogens although these pathogens
were faster growing than the probiotic. For L. monocytogenes, the thermal growth curves showed dominance of
the probiotic formulation. Corresponding colony counts revealed significantly reduced bacterial numbers after

48 h when the pathogens were co-incubated with the probiotic formulation. Co-incubating V. cholerae with the
probiotic formulation showed a significant reduction in pathogen numbers after 24 h and no counts after 48 h.
These findings indicate the possible inhibitory effect of the probiotic formulation and highlight the therapeutic
potential of probiotics as alternative approach to conventional antibiotics.
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Background
Diarrheal diseases remain a major cause of morbidity and
mortality worldwide, accounting for an estimated 3.6%
of the global burden of disease [1]. It is the third leading
cause of death in younger children, with about 1.7 billion
cases globally every year [2]. In 2021, diarrheal diseases
caused an estimated 1-17 million deaths globally, with
children younger than 5 years disparately affected [3].
It is particularly prevalent in low- and middle-income
regions, mainly due to poor living conditions resulting
from inadequate water supplies, poor environmental
hygiene and sanitation, and insufficient education [2].
Bacterial pathogens, such as Vibrio cholerae, Esch-
erichia coli, Salmonella spp., Shigella spp., Staphylococ-
cus aureus, and Listeria monocytogenes, are a leading
cause of infectious diarrhoea and contribute significantly
to this disease burden [1]. These pathogens exert their
effects primarily through the production of toxins within
the intestine or by invading and damaging the intestinal
epithelium [1]. The clinical manifestations range from
mild gastroenteritis to severe dehydration, bloody diar-
rhea, and life-threatening complications, such as haemo-
lytic uremic syndrome or septicaemia. Vibrio cholerae
is the causative agent of cholera, an acute diarrheal ill-
ness caused by infection with the microorganism in the
intestine after ingestion of contaminated water or food.
It can lead to severe dehydration and death if untreated.
The importance of cholera infection or an outbreak is
well-known, resulting in a significant strain on health
systems’ resources. It is an extremely virulent disease that
can affect all age groups, with deaths occurring within
hours at times due to its short incubation period [4-6].
Although the seventh pandemic of cholera was in the
1960s [7], it is still endemic in several countries in Africa,
America, and Asia. The serogroup 01 or 0139 is usually
involved in epidemics [8—10]. Several pathogenic types of
Escherichia coli can cause severe diarrhea and dehydra-
tion, including Enterotoxigenic E. coli (ETEC), Entero-
pathogenic E. coli (EPEC), Enteroinvasive E. coli (EIEC),
Enteroaggregative E. coli (EAEC) and Enterohemorrhagic
or Shiga toxin-producing E. coli (EHEC/STEC). Although
these pathotypes of E. coli are all diarrheagenic, they dif-
fer regarding their preferential colonization sites, viru-
lence mechanisms, and the ensuing clinical symptoms
and consequences [11]. They produce toxins that disrupt
intestinal function, leading to water and electrolyte loss
and causing severe diarrhea, dehydration, and, in some
cases, bloody diarrhea and haemolytic uremic syndrome.
They pose significant public health threats in both devel-
oping and developed countries [12]. Listeria mono-
cytogenes is a major cause of gastroenteritis, which is
characterised by nausea, abdominal cramps, and diarrhea
[13]. Invasive infection, characterised by bacteraemia,
meningitis, and encephalitis, can develop in high-risk
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patients [14]. Certain serotypes (notably 1/2a, 1/2b, and
4b) are frequently linked to foodborne outbreaks. In the
United States of America, L. monocytogenes has been
reported to be the third most costly foodborne pathogen
[15, 16]. Similarly, pathogenic strains of Staphylococcus
aureus can cause various infections, including foodborne
illnesses. Enterotoxins produced by S. aureus can lead to
rapid-onset nausea, vomiting, and diarrhea [17].

In light of the global burden of diarrheal diseases
and the growing prevalence of antimicrobial resistance
(AMR) among these diarrheal pathogens, there has been
growing interest in alternative therapeutic approaches.
Traditional antibiotic therapies are becoming increas-
ingly ineffective, leading to higher treatment failure rates
and prolonged disease duration. Probiotics have garnered
attention as a promising non-antibiotic intervention for
maintaining gut health and combating enteric infections
[18, 19]. Probiotics are live microorganisms that, when
administered in adequate amounts, confer a health effect
on the host [20]. They enhance the gut microbiota and
maintain intestinal homeostasis [21]. These beneficial
bacteria are usually members of the genera Lactobacil-
lus and Bifidobacterium. However, some members of the
genera Streptococcus, Enterococcus, Lactococcus, Bacillus,
and some yeast, for example Saccharomyces, have also
been investigated for their probiotic potential.

Symprove™ is a water-based probiotic product con-
taining four probiotic species: Lactobacillus acidophilus
NCIMB 30175, Lactobacillus plantarum NCIMB 30173,
Lactobacillus rhamnosus NCIMB 30174, and Enterococ-
cus faecium NCIMB 30176. Previous studies have shown
that Symprove™ can modulate immune responses [22],
improve symptoms in patients with irritable bowel syn-
drome [23], and chronic diverticular disease [24]. A posi-
tive effect on the symptoms of early-stage Parkinson’s
disease via changing microbiota composition and reduc-
ing plasma inflammatory markers in a Parkinson’s disease
model has been reported with the use of Symprove™ [25].
Importantly, Symprove™ has also demonstrated anti-clos-
tridial activity and inhibitory activity against common
gut pathogens suggesting it may have broad antimicrobial
properties [26, 27].

Despite these findings, there is limited data on the
efficacy of Symprove™ against key diarrheal pathogens.
Understanding whether Symprove™ can inhibit these
clinically significant bacteria may offer valuable insights
into its potential therapeutic applications beyond gut
health maintenance. In this study, investigations were
conducted to evaluate the potential of Symprove™ in
inhibiting diarrheal pathogens, V. cholerae, E. coli, L.
monocytogenes, and S. aureus.
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Methods

Microorganisms

The probiotic formulation used in this evaluation was
Symprove™ (original flavour). The pathogenic microor-
ganisms evaluated were Vibrio cholerae, Escherichia coli,
Staphylococcus aureus, and Listeria monocytogenes. Vib-
rio cholerae was obtained from the Department of Bacte-
riology laboratory of the Noguchi Memorial Institute for
Medical Research, University of Ghana. Escherichia coli
ATCC 25922 was purchased from the American Type
Culture Collection, USA. Staphylococcus aureus NCIMB
9518 was obtained from ConvaTec Ltd. Listeria monocy-
togenes NCTC 10890 was purchased from the National
Collection of Type Cultures (NCTC), Public Health
England.

Growth media and reagents

The growth media: peptone water, thiosulfate-citrate-bile
salts-sucrose (TCBS), brain heart infusion (BHI) broth
and agar, de Man, Rogosa, and Sharpe (MRS) broth and
agar, nutrient broth and agar, listeria selective agar base,
listeria selective supplement, and cooked meat medium
(CMM) were purchased from Oxoid, UK. Phosphate-
buffered saline (PBS) tablets and glycerol were purchased
from Fisher Scientific, UK. Glucose and Ringer’s solution
tablets were purchased from Sigma-Aldrich, UK.

Determination of the initial bacterial population of
Symprove™

A volume of 100 pL of Symprove™ was added to 900 pL of
PBS and vortexed for 10 s. This was then serially diluted
(1 in 10) and plated onto MRS agar. Afterwards, the agar
plates were incubated at 37 °C under anaerobic condi-
tions for 48 h, and colonies were counted. Enumeration
assay was done in triplicate.

Culture maintenance

The test microorganisms, E. coli, S. aureus, and L. mono-
cytogenes, were cultivated and stored in frozen aliquots.
E. coli and S. aureus were grown over 24 h on nutrient
agar at 37 °C. L. monocytogenes was grown on BHI agar.
10 mL starter cultures of relevant bacteria were made
by inoculating broth (nutrient broth for E. coli and S.
aureus or BHI broth for L. monocytogenes) with a few
colonies of bacteria from agar plates and incubating at
37 °C appropriately. The starter cultures were inoculated
into a freshly made relevant broth in a 1:100 dilution. The
cultures were incubated until they reached the station-
ary phase of growth. The cultures were then harvested
by centrifuging at 3500 x g for 10 min at 4° C (Heraeues
Stratosbiofuge Thermo Scientific, UK). The superna-
tant was carefully discarded, and the cells were washed
twice in PBS solution by centrifuging at the same condi-
tions. The washed cells were resuspended in % strength
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Ringer’s solution supplemented with a cryoprotectant,
glycerol, in a 15% (v/v) solution to an organism density
of 108 CFU/mL. The suspension was uniformly dispensed
in 1.8 mL aliquots into 2 mL cryovials (Nunc) and sealed.
The vials were frozen over liquid nitrogen in a modified
bath at —90 °C [28]. The aliquots were stored under liquid
nitrogen until required for experimentation. Frozen ali-
quots were thawed, subcultured, and checked for purity
and uniformity of the stock. They were thawed by placing
the vials (held in a floater) in a water bath with a temper-
ature set at 40 °C for 3 min. They were vortexed for 1 min
before use. Maintaining the cultures this way prevented
natural batch-to-batch variability, which arises when
fresh cultures had to be grown for each experiment. E.
coli, S. aureus, and L. monocytogenes survived the freez-
ing process and maintained 10® CFU/mL viable cells after
the freezing process. However, V. cholerae, did not yield
good recovery when cultured and stored using the same
parameters. A fresh bacterial culture was prepared each
day for V. cholerae.

V. cholerae was grown on TCBS agar and incubated
overnight at 37 °C. A colony was taken to inoculate 10
mL of peptone water to create a starter culture that was
incubated for 24 h. To ensure there was insignificant
variation among batches on different days, an initial test
was conducted whereby enumeration of freshly prepared
V. cholerae in peptone water was conducted on differ-
ent days. Additionally, all tests were conducted from the
same parent culture by sub-culturing a loopful of the cul-
ture in peptone water on TCBS agar daily by streaking
and using it for subsequent work.

Evaluating the activity of Symprove™ against V. cholerae, E.
coli, S. aureus and L. monocytogenes

Analysis was conducted using isothermal microcalorim-
etry and colony counting. The experimental setup con-
sisted of sterile ampoules containing 3 mL BHI broth for
L. monocytogenes and its co-cultures with Symprove™. 3
mL CMM supplemented with 2% glucose was used for E.
coli and S. aureus and their co-cultures with Symprove™.
3 mL BHI broth was used for V. cholerae and its co-cul-
ture with Symprove™. 30 uL each of Symprove™, V. chol-
erae, E. coli, S. aureus, and L. monocytogenes were used
for inoculation; thus, 10° CFU/mL of each culture was
used. Three tests comprising two controls were run (i.e.,
test pathogen alone in an appropriate medium and Sym-
prove™ alone in the same medium), and a co-incubation
of pathogen and Symprove™ using the same medium in
which the two initial tests were performed. Tests were
performed in triplicates.

Isothermal microcalorimetry using the thermal activity
monitor was used to observe the effect of the probiotic
formulation on the pathogenic species (E. coli, S. aureus,
and L. monocytogenes). This was performed according to
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Table 1 Average probiotic enumeration per dose (70 mL) after triplicate enumeration

Test (CFU/mL) Average Average (CFU/dose) Expected population (CFU/dose)
A B C (CFU/mL)
1.12x10°8 1.99x 108 187x108 166x10° 1.16x10'° 1x10"°
A B C
—— Symprove [— Symprove [ Symprove
E coli ‘ S. aureus L. monocytogenes
700 —— Symprove with E. coli 0 l— Symprove with S. aureus 7009 —— Symprove with L. monocytogenes|

0 0 » o
Time (h) Time (h) Time (h)

Fig. 1 Power-time (p-t) curves of A Symprove™, E. coli and their co-culture in CMM supplemented with 2% glucose; B Symprove™, S. aureus and their
co-culture in CMM supplemented with 2% glucose and C Symprove™, L. monocytogenes and their co-culture in BHI

the methods described previously using the same media  Results
as the colony counting experiments [26, 27]. Briefly, the A triplicate enumeration of Symprove™ yielded an aver-
inoculated ampoules were allowed to equilibrate ther- age probiotic population of 1.66 x 108 CFU/mL. With a
mally at an intermediate position for 30 min in a ther- recommended dose of 70 mL, the probiotic population
mometric thermal activity monitor 2277 (TAM 2277) per dose was computed as 1.16 x 10'® CFU/dose (Table
(TA Instruments Ltd., UK) set at 37 °C (£ 0.1 °C) before  1). Previous studies on Symprove™ have confirmed the
being lowered to the measurement position. Data were  presence of the bacteria with bacterial numbers similar to
collected using the software package Digitam 4.1 and the expected numbers [29].
analysed using Origin Pro 8.6 (Microcal Software Inc.). The isothermal microcalorimeter monitors the real
The reference ampoule was loaded with 3 mL of sterile  time metabolism of bacteria. It measures power output
growth medium respectively, of the experiment being (in pW or pJ-s™) over time. As microorganisms grow,
carried out. The instrument was calibrated at regular the power signal usually starts with a lag phase, then
intervals. Experiments were performed in triplicates. increases rapidly, showing peaks and dips. These changes
Colony counts for Symprove™, S. aureus, E. coli, and reflect the heat produced by microbial activity. When
L. monocytogenes were conducted after 48 h. E. coli and  the energy source runs low and waste products build up,
S. aureus enumeration was conducted on nutrient agar, the power signal gradually returns to its baseline level.
whilst L. monocytogenes was conducted on listeria selec-  The power-time curves (thermograms) obtained for the
tive agar base with selective supplement. Enumeration  probiotic formulation against E. coli, S. aureus, and L.
of Symprove™ was conducted on MRS agar plates in all  monocytogenes are indicated in Fig. 1. The control for the
instances. Isothermal microcalorimetry for V. cholerae  probiotic formulation had a long lag phase with an onset
yielded noisy signals; hence, enumeration was conducted  of growth between 5 and 10 h and a peak around 12.4 h in
at 24 h and 48 h for both Symprove™ and V. cholerae to ~CMM supplemented with 2% glucose. In the same media,
provide more insights. To mimic the conditions as used the pathogens under investigation (E. coli and S. aureus)
in the thermal activity monitor, ampoules inoculated had an earlier onset of growth between 0 and 5 h, with
with 10® CEU/mL of V. cholerae, Symprove™ and their co-  their respective peaks at approximately 4.7 h and 6.7 h
culture in BHI broth were placed in an incubator set at  (Fig. 1a and b). Co-incubation of these pathogens and the
37 °C. Thus, three tests comprising of V. cholerae mono-  probiotic formulation showed a slightly delayed onset for
culture, Symprove™ monoculture and a co-incubation of  the pathogens and a reduced peak height for E. coli and
V. cholerae and Symprove™ in BHI broth were conducted.  S. aureus. There was a 0.5 h and 4.9 h delay in peaks for
Colony counts for both Symprove™ and V. cholerae were  E. coli and S. aureus respectively. The curve for co-incu-
conducted at 24 h and 48 h. V. cholerae enumeration was  bation of E. coli with the probiotic product showed two
conducted on TCBS agar plates whilst Symprove™ enu-  peaks occurring at times that were representative of the
meration was conducted on MRS agar plates. peaks of the individual samples. However, a reduced peak



Dodoo et al. BMC Microbiology (2026) 26:20 Page 5 of 8
10 10 10
9 9 9
8 8 8
=7 = 7 = 7
£ £ £
2 6 2 s 2 s
) o o
0o oo 0
3 s 3 s 3 s
s s s
T 4 5 4 K 4
2 3 2
o o o
2 3 o 3 o 3
2 2 2
1 1 1
0 0 0
> > > N > 2y S > N > > ) S S S
(\*& & s o‘)@ & o"@ & © 6\“@ c:&cJ & o‘\'@ <>$e & & © & & & &
o < o S @° @° [N RO (S N RO
O N S N N I AN, N S NN
& < N S 9 S & S S & N & 8 & & & S R3
o AR N A A S o & & &
¥ N S S 5 3 K\ & S & & S
© ¢ S S © © & & © 2 e* &
R A S o° <& @
e‘\& & o q\@ S @f) o v ¥ & & o
g & ® & & o &
Q e & 3 & &
& o & v & &
4 © X O o X
S N & 5 &
« & ¥ L v N
o & ¢ & & S
< N S & R N
oy [ o & o

Fig. 2 Colony counts at 48 h after the co-incubation of Symprove™ and E. coli A, Symprove™ and S. aureus B and Symprove™ and L. monocytogenes C

and their respective controls
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Fig. 3 Colony counts at 24 h and 48 h after the co-incubation of Sym-
prove™ and V. cholerae, and their respective controls

height (60 tW decrease in peak height) was observed for
the signal representative of the probiotic formulation in
co-culture with E. coli (Fig. 1a). Co-incubation of the pro-
biotic formulation with S. aureus showed a curve that is
likely contributed by both samples. Individual cultures of
L. monocytogenes and Symprove™ in BHI (Fig. 1c) show a
faster onset of growth for the microorganisms in the pro-
biotic product relative to L. monocytogenes. The respec-
tive peaks of the probiotic product and L. monocytogenes

occurred at 7 h and 8.4 h. Co-cultures of the probiotic
product and L. monocytogenes depicted a curve domi-
nated by the probiotic, similar to the curve of the probi-
otic product only.

Colony counts were obtained before and after the
experiment for the probiotic formulation alone, patho-
gens alone, and after co-incubation over 48 h (Fig. 2). It
was observed that E. coli, S. aureus, and L. monocytogenes
could maintain growth for 48 h with bacterial numbers
intact upon incubation as monocultures. However, their
growth was significantly inhibited by 48 h in the presence
of Symprove™. No E. coli, S. aureus, or L. monocytogenes
could be enumerated after co-incubation with Sym-
prove™ for 48 h. The bacterial numbers obtained for the
probiotic formulation at the end of the experiments were
similar to those of the controls.

Figure 3 illustrates colony counts obtained after co-
incubating Symprove™ and V. cholerae over 24 h and 48 h
and the outcome of incubating these separately, i.e., con-
trols. It is worth noting that the experiments involving
V. cholerae were conducted in Ghana, a tropical coun-
try that has experienced outbreaks of cholera since the
1970s. The Symprove™ bacterial population obtained
over the period (48 h) when incubated in pure culture
was between 8.21 and 7.75 log counts. However, the con-
trol for V. cholerae had an initial reduction from about 8
log counts to 5 log counts by 24 h. No viable V. cholerae
cells were found after 48 h when Symprove™ and V. chol-
erae were co-incubated. The bacteria in Symprove™ were
maintained over the period; however, no numbers were
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obtained for V. cholerae after 24 h of co-incubation and
after pure incubation of V. cholerae for 48 h.

Discussion

Under the same media conditions, the data showed that
E. coli and S. aureus had earlier onsets of growth than
the probiotic product. This implied that these patho-
gens were well established before the microorganisms in
the probiotic formulation started to thrive. In a previous
study with the microcalorimeter, it was demonstrated
that S. aureus and E. coli can grow concurrently with L.
acidophilus, B. lactis, and B. bifidum, with the pathogenic
species growing faster than the probiotic species because
of their relatively shorter generation time [30]. This man-
ifested as a late occurrence of the peak of the growth
curves of the probiotics compared to the other species
and was confirmed with plate count assay although the
probiotic species consequently inhibited the pathogenic
ones [30]. In the present work, it was shown that the
curve produced by the co-culture of the probiotic with E.
coli in the microcalorimeter had two peaks representing
both E. coli and the microorganisms in the probiotic. The
reduced peak height obtained for the signature curve for
the probiotic could be due to reduced nutrients within
the closed system. In the case of co-cultures of the pro-
biotic product with L. monocytogenes, the probiotics had
faster growth in the BHI medium than L. monocytogenes;
hence, they likely produced inhibitory compounds dur-
ing their growth, which killed L. monocytogenes. This
form of growth pattern in the microcalorimeter has been
previously demonstrated with mixed cultures of other
probiotic species and products with Clostridioides (Clos-
tridium) difficile, which had a slower growth compared to
the probiotic products and species [26].

It was evident that Symprove™ exhibited significant
antagonistic action on V. cholerae within 24 h. Standard
growth curves of V. cholerae were previously shown to
enter the stationary phase within approximately 10 h of
incubation [31]. It is, therefore, highly probable that the
cells entered the death phase with loss of viability within
48 h. It is important to mention that V. cholerae is one
microorganism that, despite its high infectivity, is quite
difficult to cultivate and work with under laboratory con-
ditions. Although it can grow in various media and under
laboratory conditions, V. cholerae cannot survive at 4 °C
for extended periods [31], a reason for the difficulty in
maintaining cholera batches under storage. In our pres-
ent study, the viability of the cells was completely lost
after 48 h.

Other studies have demonstrated the potential of spe-
cific probiotic strains to inhibit the growth of E. coli, S.
aureus, L. monocytogenes, and V. cholerae. For instance,
a study by Fijan et al. [32] demonstrated antagonistic
activity of various probiotics against E. coli in vitro. Their
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study indicated that multi-strain probiotic formulations
were more effective against E. coli than single-strain for-
mulations. They reported that the most effective multi-
strain probiotics contained lactobacilli, bifidobacteria,
and enterococci strains, while the most effective single-
strain probiotics against E. coli strains were Bifidobac-
terium animalis subsp. lactis BB-12 and Lactobacillus
reuteri DSM 17,938. A clinical trial assessing the effect
of L. rhamnosus HNOO1 on the carriage of S. aureus
reported that the use of daily oral L. rhamnosus HN001
reduced the odds of carriage of S. aureus in the gastro-
intestinal tract; however, it did not eradicate S. aureus
from other body sites like the skin [33]. Another clini-
cal trial conducted in Thailand demonstrated the poten-
tial of probiotics in eliminating S. aureus [34]. Strains of
L. plantarum have also been found to exhibit antago-
nistic activity against L. monocytogenes. Yang et al. [35]
reported that L. plantarum 4-10 could disrupt the cell
structure when co-cultured with L. monocytogenes and
act as a lethal agent within 15 h.

Mao et al. [36] investigated the basis of a probiotic-
based strategy to promote colonization resistance and
point-of-need diagnosis of cholera using L. lactis against
V. cholerae in a mouse model. They reported that the lac-
tic acid released by the probiotic strain could be respon-
sible for the reduction in V. cholerae numbers.

The findings from this study demonstrate the sig-
nificant inhibitory effect of Symprove™ on diarrheal
pathogens, supporting the hypothesis that it could play
a crucial role in controlling diarrheal infections. The
observed inhibition may be attributed to several mecha-
nisms. Firstly, the probiotic strains in the product likely
caused suppression of the growth of the pathogens
through the production of antimicrobial compounds
such as organic acids (e.g., lactic acid), hydrogen perox-
ide, or bacteriocins [35, 37]. Another potential mecha-
nism is the modulation of the local microenvironment.
The production of organic acids decreases pH, creating
a hostile environment for pathogenic bacteria that pre-
fer neutral pH conditions. Approximately 2.5 and 3 pH
unit reductions in media pH were noted after incubation
of Symprove ™ in BHI and CMM supplemented with 2%
glucose, respectively. S. aureus and E. coli can produce
acids themselves as they decreased the pH of the broth by
approximately 2 pH units post-incubation. It is likely S.
aureus and E. coli could have the ability to protect them-
selves from the self-produced acids and thereby may have
the necessary factors for surviving acid stress [38, 39].
Other non-acidic metabolites may have also inhibited
them or may have been synergistically hindered by the
acidic and non-acidic antimicrobial metabolites of the
probiotic species.

The in vitro coincubation assay provided a controlled
environment to assess the direct interactions between the
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probiotic and the diarrheal pathogens. However, while
the results are promising, it is important to acknowledge
the limitations of the model. First, the model used does
not replicate the full complexity of the human gastroin-
testinal environment. The gut is a highly dynamic system
influenced by host factors such as immune responses,
mucus layers, pH variations, and interactions with other
microbial communities. As a result, the inhibitory effects
observed in vitro may not fully translate to real-life con-
ditions in the human gut. Second, the pathogen strains
tested were limited to selected, well-characterized refer-
ence strains. While these strains are useful for standard-
ization and reproducibility, they may not represent the
genetic and phenotypic diversity found in clinical iso-
lates. Third, the mechanisms underlying the observed
inhibitory effects remain speculative. Probiotics may act
through multiple pathways such as producing antimicro-
bial compounds, lowering pH, competing for nutrients
or binding sites, or disrupting pathogen communication
systems. However, this study did not investigate these
mechanisms in detail, and further molecular studies are
needed to understand how Symprove™ exerts its antimi-
crobial effects.

Conclusions

This study provides valuable evidence that the multi-
species probiotic Symprove™ exhibits significant inhibi-
tory effects against key diarrheal pathogens such as
V. cholerae, E. coli, S. aureus, and L. monocytogenes. By
employing both isothermal microcalorimetry and colony
counting, the study demonstrates the probiotic’s potential
as an alternative or complementary approach to antibi-
otics in the management of diarrheal diseases. However,
the work is limited to in vitro experiments, with mecha-
nistic details and host-related factors remaining largely
unexplored with poor statistical analysis. Despite these
limitations, the findings contribute meaningfully to the
growing body of research supporting probiotics as a sus-
tainable, non-antibiotic intervention in global diarrheal
disease control. Further in vivo and clinical studies are
essential to confirm the therapeutic relevance and practi-
cal application of these results.
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