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Abstract

The emergence of antibiotic-resistant Escherichia coli, a major
causative agent of diarrhea in piglets, presents significant challenges
in the swine industry. Bacillus pumilus, widely recognized for its
probiotic potential, has been utilized to promote growth performance,
enhance immune responses, and inhibit various pathogens in
livestock. This study aimed to isolate and characterize B. pumilus
with probiotic characteristics from healthy pigs in Hanoi and Hung
Yen. A total of three B. pumilus strains were isolated using a routine
culture method, PCR, and MALDI-TOF mass spectrometry. The
results revealed that all the isolated B. pumilus strains showed non-
hemolytic activity on blood agar. The isolates also exhibited high
tolerance in acidic (pH 3.0) and bile salt (0.3%) conditions, with
survival rates ranging from 77.97% to 95.38% and 82.61% to
93.62%, respectively. Antimicrobial susceptibility tests revealed
resistance to tetracycline and erythromycin, while all isolates were
also strongly antagonistic to E. coli F4, with inhibition zones
ranging from 16-19mm. Overall, the three B. pumilus isolates
demonstrated promising probiotic and antibacterial characteristics,
highlighting their potential as alternative agents to control E. coli
F4 infections in piglets.
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Introduction

Diarrhea remains one of the most challenging intestinal diseases,
with a high mortality rate and great economic losses to the pig
industry worldwide (Saha et al., 2024). This disease is often triggered
by abrupt dietary and environmental changes during the weaning
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period, compounded by inadequate feed quality
and poor hygiene. These stressors disrupt the gut
microbiota  balance, creating favorable
conditions for the colonization of opportunistic
pathogens (Upadhaya & Kim, 2021). Among
these pathogens, Enterotoxigenic E. coli (ETEC)
with typical serotypes such as F4 (F4), F5 (K99),
F6 (987P), F41, and F18 are considered the
primary etiological causes of diarrhea in piglets
before and after weaning (Castro et al., 2022).
This serotype is capable of producing various
intestinal toxins, causing illness in piglets with
clinical symptoms such as diarrhea, fatigue,
weakness, and dehydration, and ultimately death
(Luppi et al., 2016). Even in cases of recovery,
piglets often suffer long-term consequences such
as growth retardation and malnutrition (Luppi et
al., 2016). For many years, antibiotics have been
widely used to prevent and treat E. coli-induced
diarrhea in piglets. However, their extensive use
has led to the emergence of multidrug-resistant
E. coli strains, complicating therapeutic options
(Hoang Minh Duc et al., 2022). Furthermore, a
national ban on the prophylactic use of
antibiotics in livestock is set to be enforced in
Vietnam in 2026 (Government, 2020).
Therefore, finding antibiotic alternatives to
control antibiotic-resistant E. coli, especially E.
coli F4, is extremely necessary.

Probiotics are regarded as a promising
alternative to antibiotics due to their numerous
benefits, such as (i) inhibiting the growth of
pathogenic bacteria, (ii) maintaining intestinal
microflora  balance, (iii) enhancing host
immunity, and (iv) increasing nutrient
absorption. These factors improve health,
increase growth performance, enhance feed
conversion efficiency, and reduce the incidence
of diarrhea in piglets (Zhang et al., 2023).
Among the probiotic candidates, Bacillus spp.
are one of the most extensively studied and are
widely utilized in probiotic formulations for
livestock (Gonzalez-Ronquillo et al., 2022).
Their notable advantage is the ability to form
endospores, enabling survival under harsh
environmental conditions such as high
temperatures, strong acidity, ionizing radiation,
and chemical disinfectants (Todorov et al.,
2022). Bacillus spp. used for probiotic purposes

2444

are commonly isolated from natural resources,
including soil, water, and the gastrointestinal
tract of animals (Abriouel et al., 2011). B.
pumilus has been reported to be one of the most
common species for probiotic use, with many
suitable characteristics (Dobrzynski et al., 2023).
For example, B. pumilus has been shown to
produce antibacterial and antifungal substances
against pathogens (Chu et al., 2019; Moritaetal.,
2019). In addition, B. pumilus was shown to be
effective in promoting growth, enhancing
immune responses, and inhibiting pathogenic
bacteria (Zhang et al., 2022; Zhang et al., 2023).
This study was conducted to isolate and select B.
pumilus strains suitable for controlling
antibiotic-resistant E. coli F4.

Materials and Methods

Baterial strains

E. coli (PETEC58) used in this study was
previously isolated and characterized from
piglets with diarrhea in Hung Yen and has been
kept at -86°C in our laboratory since 2022. This
bacterial strain was found to carry fimbriae (F4)
and enterotoxin (STa). In addition, the PETEC58
also harbors the mcr-1 gene and is resistant to
colistin. Therefore, PETEC58 was selected for
evaluating the antibacterial activity of the
isolated B. pumilus strains.

Sample collection

One-hundred fecal swab samples were
collected from healthy pigs in Hanoi and Hung
Yen. Samples were kept in an ice box and
transported to the laboratory for isolation
within 24h.

Isolation and identification of B. pumilus

The fecal swab samples were incubated at
80°C in a water bath for 15 minutes. Then, each
sample was streaked on Tryptone Soya
Agar (TSA) and incubated at 37°C for 24h. B.
pumilus colonies on the TSA were whitish to
cream colored, circular, raised, and undulated.
The presumptive B. pumilus strains were further
verified by sequencing 16S rRNA as described
by Foysal & Lisa (2018). The PCR thermal
cycling began with an initial denaturation at 94°C
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for 4min, followed by 35 cycles at 94°C for 1min,
62°C for 60s, and 62°C for 90 s, and a final
elongation at 72°C for 10min. The PCR products
were analyzed by 2% agarose electrophoresis and
viewed under ultraviolet light using a BioRad
Molecular Imager® GelDocTM XR (BioRad
Laboratories, Hercules, CA, USA). PCR
amplicons were then sequenced by the Sanger
method using an Applied Biosystems 3500
genetic analyzer (ABI 3500, Applied Biosystems,
Foster City, CA, USA). The identified B. pumilus
strains were stored at -86°C.

Hemolytic activity of the B. pumilus isolates

The safety assessment of the B. pumilus
strains was performed by streaking the B.
pumilus strains on blood agar, as described by
Ritter et al. (2018). The agar plates were then
incubated at 37°C for 24h. After incubation, the
hemolytic activity was indicated as clear zones
around the colonies.

Stability of the B. pumilus isolates

The stability of the B. pumilus isolates was
tested according to the previous methods
described by Huligere et al. (2023). For the
determination of bile salt tolerance, 100pL of B.
pumilus broth was inoculated into 5mL of PBS
supplemented with 0.3% bile salt and incubated
at 37°C for 3h. Similarly, to conduct the pH
tolerance test, 100uL of bacterial broth was
added to 5mL of PBS previously adjusted to pH
= 3.0 and incubated at 37°C for 3h. Viable counts
of B. pumilus were determined before and after
3h of incubation on TSA by the plating method.

Antimicrobial susceptibility of the B. pumilus
isolates

The antimicrobial resistance of the B.
pumilus isolates was determined by the micro
broth dilution method following the guidelines of
the Clinical and Laboratory Standards Institute
(CLSI, 2015). The antibiotics used in this study
were ampicillin, meropenem, gentamicin,
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erythromycin,  tetracycline,  ciprofloxacin,
clindamycin, trimethoprim/sulfamethoxazole,
and chloramphenicol.

Antibacterial activity against E. coli F4

The antibacterial activity of B. pumilus
against E. coli F4 was examined by the agar well
diffusion method as described by Gupta et al.
(2021) with slight modifications. The B. pumilus
isolates were grown in BHI broth and then
centrifuged at 6000 xg for 20min at 4°C. The
cell-free supernatant (CFS) was collected and
filtered through a 0.22um filter to remove all cell
debris. The E. coli F4 strain was inoculated into
BHI broth at 37°C overnight. After incubation,
the bacterial culture was diluted to reach the
desired concentration of 10’ CFU mL™?, mixed
with BHI 0.8% agar, and poured onto the surface
of the TSA plates. Wells with 5mm diameters
were then made on each TSA plate. Next, CFS
(50uL) was transferred to each agar well and
incubated at 37°C for 24h. The ability of B.
pumilus to inhibit colitis E. coli F4 was indicated
by clear zones around the wells.

Data analysis

Collected data were analyzed using One-
way ANOVA (Minitab 2021 software).

Results and Discussion

Isolation and identification of B. pumilus

A total of three B. pumilus strains were
isolated from the 100 fecal swab samples
collected from healthy pigs in Hanoi and Hung
Yen. The isolates exhibited typical colony
morphology (whitish to cream colored, raised,
and undulated) on TSA (Figure 1A).
Microscopic examination of the three isolates
revealed they were Gram-positive, rod-shaped
bacilli capable of forming endospores (Figure
1B). PCR and sequencing analysis of the 16S
rRNA gene were used to for the identification of
B. pumilus (Figure 2).

Table 1. Primer sequences used for the amplification of 16S rRNA universal sequence

Target gene Primer Primer sequence (5’-3’) Product size (bp)
8F AGAGTTTGATCCTGGCTCAG
16S rRNA 1484 bp
1429R AGGAGGTGATCCAACCGCA

https://vjas.vnua.edu.vn/
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(A)

Ladder bC (+) bC (-)

1500bp

1484bp

Note: Ladder: 100bp DNA standard ladder; DC(+): positive control ; DC(-): negative control; BP1, BP2, BP3: isolated Bacillus strains.
Figure 2. PCR detecting the 16S rRNA gene of Bacillus isolates

Previous studies have focused on isolating B.
pumilus from soil, water, milk, ruminant feces,
and aquatic products (Thy et al., 2017; Nguyen
Thi Hanh Chi et al., 2021; Jiang et al., 2023;
Chaima et al., 2024). Meanwhile, pig manure has
been recognized to be a rich potential source of
beneficial microorganisms (Balasingham et al.,
2017). However, there is limited information
about the presence of B. pumilus in this sample
type. To the best of our knowledge, this is the
first report on the successful isolation of B.
pumilus from pig manure. B. pumilus has been
known as a probiotic strain that can grow in
aerobic conditions, form spores, and is highly
resistant to harsh environmental conditions such as
radiation, disinfectants, and extreme temperatures.
Due to their exceptional resilience, B. pumilus
strains can survive under various biological product
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manufacturing processes, indicating their potential
for applications in developing animal feed
additives (Zhang et al., 2022).

Hemolytic activity of the B. pumilus isolates

Assessment of safety is considered a crucial
step in screening and selecting potential bacterial
strains for probiotic production. Non-hemolysis
is a key safety criterion for probiotic candidates.
In this study, all three B. pumilus isolates showed
non-hemolytic activity (y— hemolysis), fulfilling
the requirement for the production of probiotics
(Table 2 and Figure 3). Similarly, a study by
Dao Gia Bach et al. (2024) found that all the
Bacillus isolates were not hemolytic. In contrast,
Golnari et al. (2024) reported that five Bacillus
isolates produced incomplete hemolysis, and
another five exhibited complete hemolysis.
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Table 2. Hemolytic activity of the B. pumilus isolates
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Hemolysis
Isolate ID - - -
a — hemolysis B — hemolysis y— hemolysis
BP 1 +
BP 2 +
BP3 +

Note: (1) — Positive control, (2) — BP1, (3) - BP2, (4) — BP3
Figure 3. Hemolytic activity of the B. pumilus isolates

Stability of the B. pumilus isolates

Acid and bile salt tolerance are other
important criteria for evaluating the survivability
of probiotic strains in the digestive tract. There
are no definitive criteria for assessing the pH and
bile salt resistance of probiotic candidates.
However, a pH of 3.0 and a bile salt
concentration of 0.3% in the stomach and small
intestine are commonly used as standard
evaluation parameters (Halder et al., 2017;
Zommara et al, 2023). The three-hour
experimental period in this study was determined
based on the food digestion process in the
digestive tract (Huligere et al., 2023).

In the present study, all the isolated Bacillus
pumilus strains showed high stability in the pH
3.0 and 0.3% bile conditions after three hours of
incubation (Figure 4), indicating their high
survivability rates in the animal digestive tract.
Probiotic characteristics are strain-specific
rather than species-specific, so not all strains of
the same species are equally resistant to acid and
bile salt stress (Zommara et al., 2023). The
results of the pH test in Figure 4 show that BP1
had the highest survival rate (95.38%), followed
by BP2 (80.65%) and BP3 (77.97%). The
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survival rates of BP2, BP1, and BP3 in the 0.3%
bile salts condition were 93.62%, 85.71%, and
82.61%, respectively. The findings in this study
support previous studies that Bacillus species
can exhibit high levels of stability in the
gastrointestinal tract. In a study conducted by
Le et al. (2023), Bacillus spp. strains isolated
from shrimp mud and intestines were resistant
to pH values ranging from 4 to 9. Nguyen et al.
(2023) examined the stability of Bacillus spp.
isolated from soil samples at chicken farms. The
results revealed that the isolates had high
survivability in pH values of 2 to 4 (90%-98%)
and bile salt values of 0.5%-2% (80%-97%).
Similar results were observed in a study
conducted by Hyronimus et al. (2000). B.
laevolacticus DSM 6475 and B. racemicus
IAM 12395 strains were stable at a pH of 2.5.
While B. racemilacticus and B. coagulans
isolates exhibited great tolerance to bile salt
values of over 0.3%. In another study, Bezpalk
et al. (2023) found that 61.9% of isolated
Bacillus strains had high stability in acidic
and bile salt conditions, with survival rates
ranging from 75.3% to 85.2% and 74.5% to
83.2%, respectively.
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Antimicrobial susceptibility of the B. pumilus
isolates

Antimicrobial resistance is another criterion
that should be assessed in the selection of
probiotic candidates (Hummel et al., 2007). The
results in Table 3 of this study show that BP1 and
BP2 were resistant to tetracycline and
erythromycin, respectively. Meanwhile, BP3
exhibited resistance to both tetracycline and
erythromycin. Antibiotic resistance may increase
the survival rate of the B. pumilus isolates when
antibiotics are used for the prevention and
treatment of animal diseases. It cannot, however,
rule out the possibility that they could spread
genes that confer resistance to antibiotics to other
bacterial species. The results of our study were
somewhat similar to previous reports. According

100 95.38
90

to a study conducted by Adamski et al. (2023),
B. pumilus isolates were resistant to ampicillin

(6.25%) and clindamycin (31.25%) but
completely  susceptible to  erythromycin,
gentamicin, trimethoprim/sulfamethoxazole,

meropenem, and chloramphenicol. Galarza et al.
(2015) reported that Bacillus spp. strains showed
resistance to erythromycin and clindamycin but
were sensitive to gentamicin, penicillin, and
tetracycline.

Antibacterial activity against E. coli F4

The antibacterial activity of B. pumilus
against E. coli F4 is presented in Table 4 and
Figure 5. All three isolates had strong
antagonistic activity to E. coli F4 with clear zone
diameters ranging from 16mm to 19mm.

80
70
60
50
40
30
20
10

Survival rate (%)

OpH 3.0

BP2
0.3% bile salts

Figure 4. The stability of the B. pumilus isolates

Table 3. Antimicrobial susceptibility of the B. pumilus isolates

Isolate ID Resistance pattern No. of antibiotics
BP 1 TET 1
BP 2 ERY 1
BP 3 TET -ERY 2

Note: TET: Tetracycline, ERY: Erythromycin.

Table 4. Antagonistic ability test of B. pumilus against E. coli F4

No. Strain symbol Inhibition zone size (mm)
1 BP 1 18
2 BP2 19
3 BP3 16

2448
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E.&%'kyv

Note: (1) — Negative control, (2) — BP1, (3) — BP2, (4) — BP3
Figure 5. Antagonistic ability test of B. pumilus against E. coli F4

The antibacterial activity of B. pumilus has
been demonstrated in previous studies. Nguyen
Thi Hanh Chi et al. (2021) found that a B.
pumilus isolate was antagonistic to E. coli with a
diameter inhibitory zone of 13.17 mm. Similarly,
Irkitova et al. (2021) evaluated the antibacterial
activity of B. pumilus against E. coli using the
agar well-diffusion method, reporting an
inhibitory zone diameter of 5.3 mm. Probiotic
strains of Bacillus spp., in general, including B.
pumilus, can produce several active substances,
such as bacteriocin, bacitracin, gramicidin S,
polymyxin, and tyrothricidin, which have
antibacterial activity against pathogens such as
Salmonella, E. coli, Vibrio sp., Shigella sp.,
Staphylococcus aureus, Aeromonas sp., and
Pseudomonas sp. (Huynh Ngoc Thanh Tam &
Huynh Van Thinh, 2020). Bacteriocins, in
particular, are crucial because of their strong
inhibitory action against a variety of bacteria,
including antibiotic-resistant strains. However,
each form of bacteriocin exclusively targets
specific bacterial species, meaning that their
activity is frequently particular (Darbandi et al.,
2022). In addition, Bacillus spp. can produce
various  extracellular enzymes, including
glycoenzymes, proteases, and lipases, which
exhibit antibacterial activity and contribute to
immune regulation (Latorre et al., 2016). The use
of beneficial Bacillus spp. may strengthen the
natural intestinal immune system (Latorre et al.,
2015).  Bacillus  spp. strains  ferment
carbohydrates to produce lactic acid, reducing
the pH in the intestine and creating anaerobic,
acidic conditions favorable for the growth of
probiotics, while preventing the invasion and
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inhibiting the growth of aerobic and eosinophilic
pathogenic bacteria (Tang et al.,, 2024). In
particular, Bacillus spp. can inhibit the adhesion
of pathogenic bacteria, such as Clostridium, E.
coli, and Salmonella, to the intestinal mucosa,
thereby reducing the incidence of diarrhea and
improving growth performance in piglets
(Marubashi et al., 2012).

Conclusions

Three B. pumilus strains were successfully
recovered from healthy pigs. The isolates
showed great antibacterial activity against E. coli
F4. In addition, the isolated strains exhibited high
pH and bile salt tolerance. However, further in
vivo assays are needed to verify potential
applications of these isolates in controlling E.
coli F4 in animals.
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